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ABSTRACT 
Textbooks are one of the most important teaching aids in education. They often serve 
as the main or the only source of information for students and teachers. The aim of this 
study was to analyze the sources of students’ scientific knowledge –teachers and 
textbooks, with focus on information about amphibians and reptiles. Authors have 
conducted an analysis of the content of twelve nature and biology textbooks, with the 
focus on: a core biological idea, the presence of surveys and summaries, appealing 
graphics and factual errors. The teachers participated in in–depth interviews, and were 
analyzed for the reflective insight considering e.g. presence of substantial mistakes or 
shaping students’ attitudes. Authors proposed new framework for describing teaching 
styles based on the dominant characteristics of their teaching process, the teachers 
were classified as – Didactical, Pedagogical or Ethical teacher. None of the analyzed 
books were flawless. The most common errors concerned the movement apparatus 
and the taxonomy. Authors have found out statistically significant correlation between 
teachers with wider knowledge, and their declaration of more diverse and suitable 
methods during the lessons. Teachers who do not declare such activities were more 
probable to put less focus on shaping students attitudes and to make more errors. 

Keywords: biology education, herpetology, sources of scientific information, textbook 
analysis, teacher beliefs 

 

INTRODUCTION 
According to Bertrand Russell we might construct our knowledge by acquaintance and by description. Knowledge 
by acquaintance is constructed through a direct (experience-based) interaction between a person and the object. 
Knowledge build by description involves the use or application of concepts (Russell, 1912). Implementing these 
into school environment would mean that a teacher should create possibilities for students to construct their own 
knowledge in both ways. It also indicates that teachers themselves while presenting new information to students 
can be perceived as source of scientific information (Bybee, 1989; Kandzia, 2018; Szyling, 2011). As such we might 
perceive textbooks as well (Brzezińska, 2008; Kandzia, 2018; Szyling, 2011). Students’ sources of scientific 
information have been constantly changing over the years. At the beginning of the 20th century, these sources were 
teachers and textbooks. Today, in the 21st century, the Internet is becoming a new and important source (Erdoğan, 
Coşkun, & Uşak, 2011). At the same time, the way teachers and students works in many schools still relays on these 
two major sources of information which are teachers and textbooks. The research conducted in primary and 
secondary school of the city of Poznan (Basińska, Pietrala, Cole, & Dziubalska-Kołaczyk, 2012) shows that science 
lessons mainly consist of reading information in a textbook and copying notes from the board. Additionally, it is 
known from literature that both textbooks and teachers are prone to alternative conceptions (Cardak, 2009; Gericke, 
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2009; Yates & Marek, 2014). For that reasons we have decided to conduct research aiming to compare both sources 
of students’ scientific information. 

Problems with Analysed Sources of Scientific Information 
It might be assumed that sources of scientific information should be free from mistakes. However, as we have 

mentioned above, both analyzed sources of information might possess misleading information, mistakes, and 
misconceptions. One of the sources of probable mistakes in textbooks is presented by Bizzo and Caravita (2012) — 
the idea of a “saber tooth tiger tale”. It is the kind of mistake that occurs when information from textbooks is not 
actualized or is rewritten without verification. Bizzo and Caravita (2012) claim that this kind of errors might not 
only have clearly academic consequences but also more importantly life-saving outcomes. An example of this was 
found that in one of the Brazilian textbooks where first aid information about the proper treatment of the bite of 
the venomous snake was rewritten from the textbook from United States. The problem was that in the US textbook, 
it was presented for a different species of the snake. This kind of treatment—proposed by the US textbook—
conducted after a bite of the Brazilian snake species might actually do more harm than good. The other and most 
common source of mistakes is a consequence of a phenomenon that can be named as educational reductionism. By 
explaining phenomena in a simplified manner, teachers tend to reduce excess information (Barrass, 2010; Yip, 1998). 
For example as Yip (1998) presents teachers who sometimes oversimplify mechanism of photosynthesis stating that 
this process “is made up of light reaction and dark reaction” (Yip, 1998) what as research shows leads to students 
misunderstandings of the process such as – students thinking that light dependent phase and light independent 
phase are conducted one after another (not simultaneously) and also that light dependent phase is conducted 
during the day and light independent phase during the night (Yip, 1998). This could be avoided either by providing 
students with more detailed description of the process or by using scientifically correct terms “light dependent 
phase” and “light independent phase” (Yip, 1998). 

Some mistakes might be caused by misunderstandings in general communication. Communication itself can be 
verbal and nonverbal, through the use of many channels, such as visual, auditory, tactile (like in Braille), and other. 
Usually, in school communication, two channels are dominant: verbal and pictorial (Fay, Garrod, Lee, & 
Oberlander, 2003). Communication, as a process, is quite complex, and a number of misunderstandings can happen 
even if the relation between sender and receiver is clear, and the sender explains own ideas transparently and the 
receiver is listening actively, but at the same time both of them interpret information according to their experiences, 
concepts, and pre-existing knowledge (Rubenstein, 2000). 

Theoretical Framework 
The main sources of scientific information in the classroom are textbooks and teachers. Those two elements are 

fundaments of the communication of such information in the classroom—the textbook provides mainly content 
and might have some cognitively challenging tasks and the teacher is the director of the communication in the 
classroom, who designs those communications and motivates students to be a part of this didactic process. 

Successful education requires successful communication. This is also true for science education. If a science 
community wants society to understand their work, they have to communicate in a proper and adequate manner 
for their target age group, and with the usage of appropriate tools. Among the tools for scientific communication, 
humans have created textbooks. Lemke (1988) said that textbooks are semiotics hybrids, as they use specific written 
verbal language (in the meaning of communication) as well as pictorial elements. From this point of view, textbooks 
participate in symbolic interactions as important elements of human culture (Izquierdo, Marquez, & Gouvea, 2008). 
As such cultural products, textbooks are the expression of their authors’ enunciations; they are created in a specific 
social context, in agreement with the core curriculum that is obligatory at that moment, etc., and in this case, the 
role of the textbook in communication is important. As Wendland mentioned (2011), communication cannot be 
reduced to transferring information, but this activity is an important element of interaction. Jakobsen also noticed 

Contribution of this paper to the literature 

• None of the investigated students’ sources of scientific knowledge were free of errors. Teachers use limited 
sources of students’ scientific knowledge in addition to themselves and textbooks. 

• Results showed that there is a strong correlation between a teacher’s claims that respect toward organisms 
is significant and claims about the importance of a direct experience with nature. At the same time, teachers 
did not stress the value of shaping attitudes during lessons. 

• Authors proposed new framework for describing teachers teaching styles based on the dominant 
characteristics of their teaching process. The teachers’ styles were classified as – Didactical, Pedagogical or 
Ethical. 
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that communication has different functions, for example: informational, emotional, cognitive or poetical (Jakobson, 
1987). That indicates that a good transfer of information requires communication. This should apply to both 
analyzed sources of scientific information—textbooks and teachers. 

Textbooks 
The authors of textbooks adjust them to the role of the textbook in education, which has been changing through 

time. The basic role of the textbook is informational, which should help students and teachers in the didactical 
process. Textbooks serve as the synopsis for the lessons and the guide to every activity and exercise in the classroom 
at the same time (Edling, 2006). Okoń (2003) distinguished four major roles of textbooks in education—informative 
(mentioned earlier), transformative, self-educational, and motivational. However, Izquierdo and coworkers (2008) 
showed that textbooks should undertake a new role where students may attend to more cognitively challenging 
tasks. In their research about chemistry textbooks, they claim that textbooks should primarily generate cognitive 
conflict, which will encourage students to seek further exploration and become scientists by themselves (Izquierdo 
et al., 2008). Also as it is presented in work of Lau and coworkers (2018) the role of the textbook is different in 
traditional classroom setting in comparison to e-learning environment (Lau et al. 2018). And even though the role 
of the textbooks might has change and decentralize through the time (Vera, 2018) it is important to evaluate 
textbook role in nowadays education. 

Researchers are still investigating textbooks (Calado, Scharfenberg, & Bogner, 2015). Fuchs and Henne (2018) 
claim that those research are conducted superficially and rarely reach common conclusions (Fuchs & Henne, 2018). 
Nevertheless, Abimbola and Baba (1996) notice that every evaluation and research on textbooks is mainly focused 
on four areas: (a) The development and validation of textbook selection criteria and their utilization in evaluating 
textbooks, (b) the evaluation of specific content areas of science/biology across science/biology textbooks, (c) 
readability studies, and (d) studies focused on misconceptions in textbooks. In this study, the authors focused on 
two of these—the evaluation of the specific content areas, and misconceptions in textbooks. The first part was done 
by investigating the core idea behind the chosen topic presented in the studied textbooks. The core idea is 
understood as an element or theme which will help students to understand and construct knowledge about a new 
topic (National Research Council, 2012). Those core ideas can be observed as usually presented in textbooks in the 
form of any keynotes or guidance to help students to understand each chapter. The second part was done through 
analysis of the content of textbooks and is described in detail in the Methods section. Previously, content analysis 
was used to investigate biology textbooks in such areas as genetics (Gericke, 2009), taxonomy (Trowbridge & 
Mintzes, 1988), human biology (de Irala, Urdiain, & López Del Burgo, 2008), ecology (Roth, Bowen, & McGinn, 
1999), and zoology (Yen, Yao, & Chiu, 2004). In each of the mentioned areas, mistakes and misleading information 
were revealed, independently of the country or education phase for which the textbook was designed. The aspect 
which was not explored or compared until now is the problem of students’ confusion while differentiating between 
separate animal divisions. This is one of the reasons we took amphibians and reptiles as commonly confused 
clusters of animals (Yen et al., 2004). Furthermore, the amphibians and reptiles are the most endangered groups of 
vertebra (Gibbons et al. 2000; Gardner, Barlow & Peres 2007), especially those living in South America where 
decreasing number of species is one of the highest and the fastest reported decline of biodiversity in the world (Lips 
et al. 2005; Böhm et al. 2013). The other reasons amphibians and reptiles were chosen as an example to this research 
is that they are crucial from an environmental protection point of view and for ecological reasons (Vitt & Caldwell, 
2013). For that reason, attitudes toward those groups are often the focus of many other researchers (Prokop & 
Tunnicliffe, 2008; Tomažič & Šorgo, 2017). 

Teachers 
The teacher is another source of students’ scientific knowledge. It is believed that they should also possess 

excellent communicative skills. Furthermore, teacher communication in the context of textbooks should happen at 
multiple levels (Dufresne, Gerace, Leonard, Mestre, & Wenk, 1996; Pea, 1994). First of all, teachers should evaluate 
textbook content by themselves and based on that evaluation, they should work with students and provide new 
information, which appears in other scientific sources. Moreover, teachers should work with the authors of 
textbooks, to evaluate their work and present suggestions, errors, or misunderstandings which they have noticed 
(Barron & Darling-Hammond, 2008; Slavin, 2008). Theoretical and ideal relations of communication between 
teachers, students, textbook authors, and other sources of scientific information are presented in Figure 1. A good 
source of information requires interaction with the recipient, and this interaction is communication, which can 
inspire, for example, students to give their feedback about the source of scientific information. In an ideal situation, 
students might give this feedback, improve, for example, textbooks and present what, in their opinion, should be 
applied from other sources of information to improve textbooks for the users by users. But from our current 
knowledge and pilot studies, it is known that students have small influence on the scientific community (Chyleńska 
& Rybska, personal communication, 2018; Mackay, 1971). Additionally, a good transmission of information 
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requires a constant exchange of information between all of the participants. It indicates that it is not only teachers 
who should communicate with students and vice versa. In this process, the authors of textbooks should also be 
involved and communicate with both teachers and students. It also involves the exchange of experience and 
information between teachers and between students. Such networks of communication could be evaluated in the 
future as a possibly good example of communication and transmission of information.  

The pilot study was conducted by the authors, involving editors and teacher advisors. Simultaneously, through 
interviews with teachers and from emails exchanged with publishing houses, the authors drew the conclusion that 
there is insufficient communication between editors, teachers, and students. The gained data were limited, so they 
only qualified as a mention in the article. This pilot study showed that evaluation and cooperation between teachers 
and editors is needed and might lead to handing down the feedback information to authors of the textbooks, which 
is currently very rare, at least in Poland (Chyleńska & Rybska, personal communication, 2018). 

There are three basic sources of students’ information—textbooks, teachers, and other (out of classroom) 
sources—and in the following part, we have focused on the analysis of school sources of scientific information and 
when and how they can be used by a teacher. 

In the following paper, the authors present only part of the sources introduced in Figure 1. Research on other 
sources and interaction between them would require a separate study. 

Proposed Category of Teaching Styles 
Research carried on teaching and learning styles has shown the uniqueness of different styles of both activities 

and identified the characteristics associated with each style. Some researched would suggest that teaching style 
should match learning style of students (eg. Miller, 2001; Stitt-Gohdes, 2001). Although there are benefits to the 
matching those two styles in education, thus on the other hand it appears that doing that does not guarantee better 
results (Brown, 2003; Felder & Brent, 2005). Additionally Felder and Brent (2005) suggested that the optimal 
teaching style should be a balanced one that a teaching style time to time matches students’ preferences, and 
sometimes goes against their preferences. Such strategy is supposed to force students to develop intellectual and 
critical skills. When considering Grow’s Stages of Self-Directed Learning Model a reader might notice that all 
described by Grow (1991) teaching styles are hierarchical from Authority, coach, trough Motivator, guide, Facilitator 
up to Consultant, delegator presents Decreasing levels of control of learning. In our research we wanted to diagnose 
what is the most important for teachers in their teaching style, how do teachers perceive the possibility of placing 
the student in the center of educational process, what aspect of teaching is the most important as an outcome – 

 
Figure 1. Ideal framework of communication between students, teachers, textbooks, authors of textbooks, and other sources of 
scientific information for teachers 
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would it be content knowledge, attitudes or higher skills like critical thinking? In this approach, we were similar to 
idea presented by Liu, Qiao and Liu (2006). These researchers in order to asses teaching style among university 
teachers have used several factors including learner-centered activities, personalizing instruction, relating to 
experience, assessing student needs, climate building, participation in the learning process, and flexibility for 
personal development. It would allow them to check whether a teaching style is teacher oriented or student 
oriented, but we were trying to take a slightly different perspective, that could allow us to answer questions raised 
by us. Taking more general perspective it can be assumed that teachers can focus on one of the three aspects in their 
work—philosophical (Schulman & Mekler, 1986), pedagogical (van Dijk & Kattmann, 2007), and didactical 
(Friedrichsen et al., 2009). Based on this division, the authors of this publication created three major categories of 
teaching style: ET—ethical teacher (with humanistic approach as dominant in teaching style, as described by Seel 
and co-workers, (2011), PT—pedagogical teacher, DT—didactical teacher (mostly focused on content knowledge). 
Depending on the answers from the interviews, teachers were assigned to each category. Specific information about 
the interviews is mentioned in the Methods. For example, if a teacher avoids shaping students’ attitudes or tries to 
transfer this responsibility to other people (e.g., students’ parents or other students), and his or her goal is only to 
convey knowledge, we can presume that this teacher can teach mostly on a didactical level—and therefore, they 
are assigned as didactical teachers (DT). There are also teachers who, in their teaching style, put more focus on 
values, attitudes, and principles. Teachers of this kind were classified as ethical teachers (ET). The last, intermediate 
teaching style observed by us among teachers was found in pedagogical teachers (PT)—this kind of teacher is 
focused on students’ knowledge and skills, and is consciously using a variety of teaching methods, and is aware of 
their own role in the teaching process. However, despite that, this kind of teacher chooses not to shape students’ 
attitudes. In the light of this newly introduced division, using only Pedagogical Content Knowledge as a tool for a 
teacher’s understanding of a particular subject matter but not shaping attitudes is not enough (Zembylas, 2007). 

Each of the teaching styles has its weaknesses—e.g., a didactical teacher might convey the content at a high 
level, but it is likely that he or she will lose the ethical part during the lesson, with less chance of affecting students’ 
attitudes. The balance between the appropriate didactic, pedagogical, and ethical style of teaching is delicate. 
Especially, it is important to maintain a balance, as it is through the teacher’s perspective that a student perceives 
the teacher, and the results of this perception are projected on the teacher’s communication with the student. 

Despite the style of teaching, one of the most important skills a teacher should have is the ability to reflect on 
their own work. Reflection makes teachers aware of their flaws and opportunities, which they can use in didactical 
process (Brookfield, 1995). That way, a teacher can reflect on their own actions and evaluate their effectiveness. 
Metacognition, which emerges from critical thinking, is reflected in three possible dominant teaching styles: 
Didactical, pedagogical, and ethical—especially in the face of new challenges and innovations developed in science 
(Jefferies, Carsten-Stahl, & McRobb, 2007; Saunders & Rennie, 2013).  

One of the main purposes of science education is to educate a scientifically literate society. People in society 
possess a variety of conceptions, also about animals, which are significantly different from scientific knowledge. It 
has been shown that even though teachers are important sources of scientific information for students, they are not 
infallible, in relation to their knowledge about birds (Cardak, 2009; Kubiatko, Usak, & Pecusova, 2011), insects 
(Barrow, 2002), amphibians, and reptiles (Braund, 1991; Yen et al., 2004). It has also been shown that teachers use 
textbooks as a main source of knowledge (Edling, 2006). The authors did not investigate mutual relations between 
teachers and textbooks nor how mistakes which appear in textbooks can influence the conceptions that teachers 
have. The teachers’ ability to reflect on their own as well as external knowledge, and on the epistemological 
perspective in the scientific sources of students’ information plays an important role. In the analysis of teachers as 
the source of students’ scientific knowledge, the authors focused on the categories of teaching styles as given below. 
To analyze teaching styles, the theory of pedagogical content knowledge is often used; however, since this theory 
does not focus on the important element of communication in the classroom between the student and the teacher, 
a broader approach than PCK was applied (Magnusson, Krajcik, & Borko, 1999). The approach proposed above 
gives an opportunity to show the difference between what quality of communication we have in the classroom at 
the moment and what higher-quality standards we are able to achieve by analyzing teaching styles of the teachers. 

The Aim and Research Questions 
The aim of the presented research is to diagnose the problems and gaps in communication processes that occur 

between all elements involved in educational discourse. The authors want to propose a framework for desirable 
pathways of communication of scientific knowledge that is presented in Figure 1, which involves teachers, 
students, textbooks (and their authors), and other sources of scientific information. On this basis, we would like to 
show not only gaps (in the meaning of processes that are hardly ever present in real school situations) but also to 
analyze the ways this discourse on the topic of amphibians and reptiles looks like. In order to analyze it, we have 
set the following research subjects: 
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1. Textbooks content analysis with a focus on analysis of conceptions about amphibians and reptiles; 
2. Teachers’ ideas and beliefs about amphibian and reptile analysis on the basis of in-depth interviews. 
To fulfill those tasks authors asked the following research questions: 
1. How does the source of scientific knowledge as a textbook functions? 
To answer this question Authors focused on such aspects of textbooks as: core ideas in textbooks, graphic 

representation of a typical amphibian and reptile, presence of cognitively interesting tasks and handout/aids, 
presence of the errors which might lead to the formation of students’ alternative conceptions.  

2. What is role of the teacher as a source of scientific knowledge? 
To answer this question Authors focused on such aspects of teachers like: role of their personal knowledge in 

diagnosing students’ alternative conceptions about amphibians and reptiles, their reflectiveness towards both it 
and the used textbooks (and finding possible errors in them), their teaching style (Didactical, Ethical or Pedagogical) 
and their focus on constructing knowledge, skills or shaping attitudes. Additionally also the use of practical or 
theoretical approaches during the didactic process. 

MATERIALS AND METHODS 
The education system in Poland is currently undergoing reform. Until 2017, it was divided into primary school 

(6 years, students aged between 7–14 years old), junior high school (3 years, 14–16 years old) and high school (3 
years, 16–19 years old). Since 2017, it has been divided only into two schools (primary school—8 years, 7–14 years 
old—and high school—4 years, 14–18 years old). Textbooks for primary schools were designed for a plan 1 hour 
per week of nature curriculum, and textbooks for junior high school are also designed for plan 1 hour per week of 
biology. Before the reform, students had to participate in 3 exams, at the end of each education level—each of the 
exams was a pass to the next education level. Since the reform, they have two exams—at the end of primary school 
and at the end of high school. The exam in the end of high school is the same as the admission exam to the chosen 
direction at university. 

Textbooks 
In the first stage, authors chose samples from textbooks commonly used in Polish schools and analyzed them 

in the context of their herpetological content. The obtained data from the text in the textbooks were categorized and 
subjected to quantitative analysis (Silverman, 2013). Content analysis was used to analyze the textbooks as, based 
on Reference (Babbie & Benaquisto, 2009), this type of analysis can be treated as unreactive research—in the sense 
that during this analysis, there is no direct experiment or influence on the environment. When analyzing the 
content, textbooks were individually assessed for the information concerning the clusters of amphibians and 
reptiles according to chosen criteria, described below. All textbooks and content gathered from them were 
consistent with the curriculum and mandatory for the student.  

The key issues that the analysis of the content focused on were: 
1. The presence of the core ideas (Costa, Howitt, Anderson, Hamilton, & Wright, 2008); 
2. A versatility/diversity of posted images (Postigo & López-Manjón, 2018); 
3. Cognitively interesting tasks (Ghaderi, 2010; Lumpe & Scharmann, 1991); 
4. Summaries of the systematics (Lee, 2010); 
5. The presence of the factual errors (Abimbola & Baba, 1996). 
Regarding the presence of the core idea in a chapter, the authors expected that textbooks might present 

amphibians as pioneers in some respect—as the first animals which came out on the land and are consequently 
semi-land semi-water organisms—or focus on their unique evolutionary solutions, like their expanded circulatory 
system with gas exchange through the skin. In fact, reptiles should be presented as the first truly land vertebrate 
organisms with their adaptation to reproduction independent from water, excellent water management, and more 
versatile movement apparatus (in comparisons with amphibians). As a core idea might be accepted any other 
scientifically correct leading thought or idea which would help students to interpret the data, for example, from the 
perspective of the role of amphibians and reptiles in protecting the environment or adaptation to this environment. 

While analyzing images, the authors investigated what the photos were showing regarding the diversity of 
clusters of amphibians and reptiles, including variation in representing the subclasses. In addition, some attention 
was directed at the origin of the particular animal presented in the illustrations (whether the pupils can encounter 
those particular species in their direct surrounding—native or exotic).  

As for transparency, the summaries in the textbooks were analyzed by looking for the presence of various forms 
of presentation (such as texts, graphs, and tables). Additionally, in that part, authors investigated if cognitively 
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stimulating tasks appear in the summaries, which would help students to systematize their knowledge and 
construct new links between previously known concepts and those which they discovered in the new chapter. 

Substantial errors were one of the most often found problems/shortcomings in the analyzed textbooks. Due to 
the variety of errors found in textbooks, we distinguished four categories: Linguistic, logical, classification, and 
substantial mistakes. The last one was divided into six subcategories related to the morphology, physiology, 
ecology, and locomotive skills of the analyzed groups. In addition, we separated linguistic errors which appear 
when a used word or phrases might lead to misconceptions or is wrong (misspelled) and errors in the herpetological 
systematics, for example, a wrong description of a species.  

Altogether, 12 textbooks were used for the analysis. Out of those, 4 were dedicated to primary school pupils 
(K4–6) and 8 to junior high school students (K10–12). All textbooks were in line with the curriculum. Detailed 
information, including titles, publishing houses, and the year of release, educational stages, and classes, is included 
in Appendix. 

Interviews with Teacher 
Analyses of teachers’ conceptions as a source of scientific knowledge were conducted through in-depth 

interviews. The same researcher (A1) carried out the interviews. The fieldwork was conducted in separate rooms 
in the teachers’ schools or directly in their classrooms, after getting the consent of the interviewee. Ten teachers 
were interviewed (5 from primary school and 5 from junior high school), 9 of who were female and 1 was male. 
Authors established instructions for the interview based on Reference (Gatt, Tunnicliffe, Borg, & Lautier, 2007). The 
instructions with the questions were consulted with another researcher (A2). Every question was reviewed and (if 
there was a need) improved before conducting the interview.  

The teachers’ answers were recorded on an audio recorder. Each teacher had as much time as they needed to 
answer the questions. Teachers’ interviews were foretold, and conducted with them knowing the topic but not 
specific questions. Questions did not consider directly their knowledge about amphibians and reptiles, but their 
information was verified indirectly to avoid unnecessary stress or considering this interview as a test. That way, 
the teachers were focusing on their experiences at work with students. First, three questions were asked to assess 
the type of the teachers—on which part of teaching they most focus on (knowledge, skills or attitudes) and at the 
same time to determine if they would favor or neglect zoology. Next, three questions considered teachers’ 
observation and experiences gained during teaching about amphibians and reptiles. A full list of questions is 
available in Appendix. 

To be classified as an ethical teacher, a person should in their answers refer to shaping attitudes, hands-on 
activities, social abilities, and teamwork, with special emphasis on respect to living organisms, etc. As an ethical 
category was qualified any category which referred to experience, shaping attitudes, pro-environmental interaction 
with society, and teachers seeing themselves as a person who can influence pro-environmental attitudes of students 
and consider it as the priority. A full list of qualified categories is presented in the Appendix. 

Analysis of the Interviews and Coding 
The interview analysis method was based on Creswell and Miller (2000). To extract teachers’ concepts, answers 

were analyzed with the use of content analysis, then qualitative data were coded to quantitative data. To ensure 
inter-rater reliability, an independent researcher (A2) revised the created code system itself and the assignment of 
teacher statements to appropriate elements/codes/categories. In disputable cases, differences were discussed until 
researchers reached an agreement. The authors undertook inductive approach—developed the categories on the 
basis of students’ answers. The initial coding agreement rate was 95% and any disagreements were settled by 
discussion.  

 In the transcripts, the researchers looked for direct and indirect indicators of some statement. For example, 
teachers could, in question 1, directly say that “knowledge is important to me” or indirectly show they prefer 
“information which students have and gain from the lesson is the most important element of didactic process for 
me.” 

Coding of the data was conducted in sequence. At first, the researcher did a quick superficial revision of the 
interviews to have an overview of the data, and then created in vivo codes (Creswell & Miller, 2000) on the basis of 
actual expressions in data. The next step was the consolidation of the codes—similar codes were grouped, and 
redundant codes were removed.  

Codes were aggregated to themes, which resulted from questions asked in the interviews. Detailed information 
about creating codes and examples of the answers to each code are included in Appendix. 
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Statistical Analysis 
The data were input to Excel. At first, data were measured in terms of frequency in each category; then, data 

were input into the program Statistica® and basic statistics (average standard, deviation) and Spearman correlation 
were measured (Trigwell, Prosser, & Waterhouse, 1999). A matrix of correlation was made from the quantified 
questionnaires’ in Excel (2013, Microsoft). The statistical significance of the correlation used for the results was 0.05 
with the following addition of the Bonuferroni correction. Statistic results with a significance lower then p = 0.05 
were not included in the analysis. 

RESULTS 

The Textbook Analysis 

Core ideas in the textbooks 
None of the studied textbooks were free of errors in all 4 key areas of interest—textbooks with good and 

representative pictures had substantive mistakes, and those with the most correct information contained 
underdeveloped graphic sections.  

Additionally, none of the textbooks had a core idea—information or questions which might help students to 
understand the differences and uniqueness of the investigated taxa. In 5 out of 12, some general ideas appeared, 
mainly concerning adaptations to the environment, but in none of the textbooks were amphibians presented as 
pioneers in a new land environment and the reptiles as independent conquerors of the land environment which 
can reproduce without water (due to fetal membranes) etc. One of the textbooks presented poikilothermy (cold–
bloodedness) as a core idea for these groups of animals and connected it with an undeveloped circulatory system. 

Variety of posted images 
Images were not diverse; although it might also represent that the number of species in this order is not equal. 

For example, caecilians are a minority of alee amphibian species, so their representation might be rarer, as they are 
rarer in nature. As a typical amphibian, a frog was usually presented. Various species from the order anuria were 
the most represented (71%), then caudate (25%), and caecilian (4%) (Figure 2).  

In the case of reptiles, representatives of the squamata order were presented as a typical reptile (lizards—25% 
and snakes—41%) and were more frequent in textbooks than representatives of the tortoise (13%). The variation of 
presented photographs in all the textbooks is presented in the Figure 2. 

 
Figure 2. The diversity of photographs presented in analyzed textbooks. Orders of amphibians (A): Caudate, anuria, caecilian. 
Orders of reptiles (R): Turtles and squamata 
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Summaries of Presence of Systematic and Cognitively Interesting Tasks 
None of the analyzed textbooks contained tasks which might be cognitively interesting or/and which might 

support transformation of information in students’ minds. In some cases, sets of exercises were provided, but they 
mainly summarized gained knowledge or were only reconstructive, and they were neither cognitively stimulating 
nor were they designed with the aim of shaping students’ attitudes in mind. 

Furthermore, we had assumed that well-designed summaries should show the diversity of analyzed groups, 
and as there are not many species of amphibians and reptiles in Poland, native species would all be mentioned or 
presented in the photographs. However, only 3 out of 12 analyzed textbooks presented sufficient summaries 
allowing for comparisons between taxa. 

Substantial mistakes 
The errors/defects in the textbooks can be assigned to one of the categories in which the mistake occurred: 

Logical, linguistic, classification and the substantial errors that can be further divided into: Ecological, behavioral, 
physiological, morphological, anatomical, and taxonomical. A summary of all the mistakes found in all the 
textbooks is shown in Figure 3. 

Examples of the errors and misleading information about amphibians and reptiles are presented in Table 1. 
There were fewer errors about reptiles than amphibians in the analyzed textbooks, although they still represented 
two categories: Linguistic and substantial (anatomical and taxonomical subcategories). 

 
Figure 3. Summary of errors found in all textbooks assigned to categories—logical, linguistic, classification, and substantial 
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Teachers’ interviews 
Teachers’ interviews revealed a variety of approaches toward teaching about amphibians and reptiles. 

Differences are apparent even in the statements about the amount of time they are willing to spend in order to 
provide sufficient information about those two groups. Additionally, only some of them (four out of ten) were 
aware of dire need to work on students’ attitudes toward animals, with the use of the activities which they should 
be introducing in the classrooms. The other group (five out of ten) considered the herpetological content only as an 
obligatory element of knowledge presented in curriculum. Based on those answers/whole interviews, teachers 
were assigned to categories. Only one teacher was assigned as ET, three were assigned as PT, and six as DT. All of 
the junior high school teachers and one from primary school presented the DT teaching style. The teachers were 
assigned as didactical teachers (DT) based on responses to the first question, such as: 

“The knowledge is the most important of course, as it is checked during the exams (…)”. “Shaping the attitudes 
require too much time, students should shape their attitudes on their own”. 

Table 1. Errors and misleading information regarding amphibians and reptiles found in textbooks 
Category of 
error 

Example of error Explanation of the error and the corrected answer 

AMPHIBIANS 
Substantial – 
physiological 

State of numbness which is equal to 
hibernation 

Not all of the states of numbness are hibernation; for example, 
estivation and torpor are also present. 

Substantial – 
morphological 
and behavioral 

Thanks to pores in the skin, amphibians 
don’t have to drink water 

Despite of the thin skin, amphibians still drink water 

Logical The color of amphibians depends on 
their environment of living 

The color of the animal depends on their pigment cells. They can 
adjust the color to environment but not without pigment cells. 

Linguistic Animals of land and water Should be: Animals of water and land 
Substantial 
ecological 

Amphibians are observed in every 
continent 

They are not observed in Antarctica 

Substantial – 
taxonomical 

Photograph signed as tree frog It is not a tree frog (Hyla arborea) 

Linguistic Sufficiently moist (caecilian), like an 
earthworm digging corridors in the 
ground 

This comparison may lead to the idea that caecilian is an 
earthworm—it would be good to highlight the difference or specify 
that it is an amphibian 

Logical Tailed amphibians (Caudata) drag their 
abdomen on the ground because their 
legs are weak 

Tailed amphibians drag their abdomen on the ground not because 
their legs are weak but because of the construction of their 
shoulder and hip rim 

Substantial – 
taxonomical 

Hyla arborea sometimes is called tree 
frog 

In Polish, Hyla arborea is called “rzekotka”. The name of the tree 
frog “żaba drzewna” suggests that it belongs to the Ranidae, not 
the Hylideae family  

Substantial 
ecological 

“a lot of amphibians spend their life in 
woods and gardens” 

That suggests that woods and gardens are important habitat for 
amphibians—it should be highlighted that access to a clean water 
reservoir and moist environment is crucial for them in addition to 
choosing woods or gardens.  

Classification Amphibians are divided to orders Anura 
and Caudata. 

There is also a third taxon, Caecilians. 

Substantial – 
taxonomical 

On the photograph—amphibian 
described as yellow-bellied toad 

The photograph shows Bombina orientalis—oriental fire–bellied 
toad 

REPTILES 
Substantial 
anatomical 

Scheme of the reptilian egg is described 
without fetal membranes 

Fetal membranes are one of the crucial evolutionary advances of 
reptiles, which made it possible to make their reproduction 
independent from water 

Linguistic Foreign species of reptiles have only 
order names and a sand lizard has a full 
species name 

All species should be presented in one version—full name or just 
order. 

Substantial –
taxonomical 

The green lizard as a Polish reptile The green lizard is not a Polish reptile; Slovakia and the Czech 
Republic are the northernmost countries where this species is 
present. The only account of its encounter in Poland is 40 years old. 
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Teachers assigned by us to the pedagogical teacher (PT) group said: 
“In my work, the knowledge and skills are the most important—I want to be sure that when they eventually 

leave the school, they are able to resolve different problems and know why and how their resolutions worked. 
Human health care is a good example—after my lessons I hope they will understand the cause of bacterial infections 
and know when it is necessary to use antibiotics.” 

Teachers assigned by us to the ethical teacher (ET) group, which includes in it other two kinds of teaching styles, 
said: 

“I think we can’t dismiss knowledge and skills, because they are important, although I think that shaping 
attitudes are the most crucial thing. And I tell you why—only if my kids will have an emotional connection with 
something, they will care about it and try to protect it. The rabbits children are helping to rise, are a good example 
or their own pets—the children are emotionally connected to these animals, so they are inclined to protect them.” 

Correlation between Teachers’ Ideas 
The goal of the interviews was to investigate the experiences of the teachers with teaching and to investigate 

how they (in) directly shape students’ pro-environmental attitudes. The results below present a correlation between 
opinions stated by teachers in the interviews. 

The results show that the opinion about the importance of supporting a feeling of respect and sensitivity toward 
organisms correlates with the statements that students should have a direct experience with nature (r = 0.77).  

The same statement about the importance of supporting a feeling of respect and sensitivity toward organisms 
correlates with the claim that parents’ support is needed to shape children’s attitudes (r = 0.77).  

There is also a strong (r = 0.72) correlation between opinions about the importance of direct experience with 
nature and the belief that students are able to teach and influence their parents. The same belief correlates with the 
opinion about the importance of constructing knowledge in the classroom (r = 0.77). This is also presented 
afterwards in the opinion that the importance of constructing knowledge has correlations with the development of 
skills (r = 0.63) and shaping children’s attitudes (r = 0.63).  

Moreover, the belief about the importance of constructing knowledge in the classroom correlates with the 
opinions on the importance of changing negative cultural perceptions of amphibians and reptiles (r = 0.69). 

Furthermore, opinions on the importance of supporting a feeling of respect and sensitivity toward organisms 
correlates with an importance of teacher having a sense of the mission (teacher with mission) (r = 0.63), which also 
correlates with the beliefs about the importance of presenting morphology as a result of adaptation to the 
environment in which amphibians and reptiles live (r = 0.69). 

The same statement about the importance of a teacher having sense of the mission (teacher with mission) 
correlates with the opinions about the importance of changing negative cultural perceptions of amphibians and 
reptiles (r = 0.63). Those opinions correlate with the importance of shaping attitudes (r = 0.63), which in teachers’ 
opinion also correlates with the concerns about the persistence of misconceptions (r = 0.63). 

DISCUSSION 
The essential finding arising from the presented research is that students’ sources of scientific information 

cannot be considered to be highly scientific nor a good source of information. None of the analyzed textbooks is 
ideal—some of them lack proper graphics and some have substantial errors, which can lead to alternative 
conceptions. Such errors can create a learning opportunity—but only in the case when teachers/readers will notice 
and correct those. This task is usually addressed to teachers (Driver, Asoko, Leach, Scott, & Mortimer, 1994), but 
the authors would like to highlight that especially with a logical error, they can be corrected by students, which 
would make such an activity fruitful for the majority of class, since it creates the possibility for discussion. 

How does the textbook functions as a source of scientific knowledge? 
In order to address the first research question in more detail the authors, have discussed obtained results in the 

context of the findings of other researchers. Textbooks as a source of scientific knowledge are not ideal nor free 
from errors. 

None of the analyzed textbooks presented a hierarchy of the ideas—for example, none of the textbooks 
undertook evolution in the context of adaptation of amphibians and reptiles toward the environment. The analyzed 
textbooks seem to have been written for the teacher who knows how to use and manage the information presented 
in it and not for the students. In that situation, textbooks did not support communication in the classroom. This 
statement is also supported by the finding that none of the textbooks contained elements or tasks which were 
cognitively challenging and inspiring for the students to discuss with each other. The majority of the questions 
presented in the textbooks were related to pure facts, and information presented in the text above that can be 
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assigned to low-level tasks (connected to recalling information). They were imitative (or reconstructive) in their 
nature, and evidently weren’t cognitively interesting nor creative. This is surprising, since in science education, a 
growing interest and research has been observable for a long time regarding the role of open-ended tasks, which 
can be classified to higher-level tasks (for example, forming and critiquing explanation) (Taber, 2014). Additionally, 
most of the mistakes or misleading information that appeared in examined textbooks showed how difficult it is to 
write a good textbook.  

As was observed, in light of the content analysis and works of other researchers, authors of textbooks seem not 
to be aware of the self-teaching role of the textbook or the transformational role that textbooks should undertake 
(Mayer, Bove, Bryman, Mars, & Tapangco, 1996). Good textbooks should inspire students and develop their ability 
to think critically, and simultaneously establish an everyday use of scientific methods (Nosich, 2012). In that case, 
textbooks can be used by teachers as a tool of communication in the classroom—to discuss different views on 
students’ ideas, with the use of different sources to have a wider spectrum of communication.  

That said, those textbooks which possess errors and understatements might be used by a teacher anyway, to 
exercise critical thinking skills through the analysis of information and evaluation of received information. Critical 
thinking is a universal ability which, once learned, can be used regardless of the topic (Cottrell, 2011). Critical 
thinking and questioning of even sources of scientific information is a part of the scientific method (Halpern, 
1998)—an application of which should taught regardless of the age or level of education (Kuhn, 1999). 

Communication can be occur not only in verbal but also in visual mode. For that reason the authors carried out 
the analysis of photographs present in textbooks. As was found in this research, there are not many representations 
of native species of amphibians and reptiles in the textbooks. Native species should be presented in the 
photographs, so students could be able to recognize them in nature (Celis-Diez et al., 2016). Instead, the majority of 
analyzed textbooks presented more attractive and colorful species or even, in some cases, species which are invasive 
in Poland. For example, instead of presenting a native European pond turtle (Emys orbicularis) they presented the 
red-eared slider (Trachemys scripta elegans) (Codes, 2001), which is an invasive species and is displacing a native 
one. What is also interesting, in our investigation, is that three out of ten teachers mentioned exotic examples of 
amphibians and reptiles as the most didactical ones. This is surprising, especially in light of construal level theory, 
according to which, people tend to create models about unknown elements based on emotions and assumptions, 
and such models are abstract, in contrast to close objects that result in the formation of concrete models (Trope & 
Liberman, 2010). If students do not know native amphibians and reptiles, they will not have experiences with them 
and will not create positive models about them. This can in consequence lead to mental constructions in which 
those animals stay in abstract, not concrete models, and thus are still perceived as threatening and disgusting 
(Prokop & Tunnicliffe, 2008; Trope & Liberman, 2010). 

What is worth mentioning is that none of the textbooks revealed the slow worm as a lizard, even though it is 
often mistaken as a snake, as it has no legs. The other graphic representation which may lead to a misconception is 
presenting the male sand lizard in mating colors in the majority of the photographs. In that way, students may 
assume that this species looks always like that.  

Some textbooks can be considered to be more graphically attractive than others, as they have a transparent 
compilation and comparison of amphibians and reptiles and show representatives of both clusters. However, only 
one textbook contained a direct comparison of amphibians and reptiles. This is surprising, since one of the common 
misconceptions in commonsense herpetology is classifying salamanders and newts (amphibians) as lizards 
(reptiles) (Crump & Fenolio, 2015). Thus, such visual comparison should be observed more frequently, because the 
appropriate schemes or tables are a part of the textbook as important as text content (Mayer et al., 1996). It would 
be fruitful if authors of textbooks were familiar with research describing common misconceptions and used them 
as starting points in discussion, description, stories, etc. (Smith, Holliday, & Austin, 2010). Another important 
element is the description of presented photographs and the quality of the photographs themselves. For example, 
it is not only important that the colors of the presented specimens are attractive, but they should also correspond 
to the reality. Additionally, graphics in textbooks should fulfill self-teaching (and other) roles (Cottrell, 2011; 
Halpern, 1998; Kuhn, 1999; Nosich, 2012; Roth et al., 1999). 

What is worth highlighting here is that the graphical parts of information presented in textbooks were only 
pictures of the animals. None of the analyzed textbooks contained any graphical representation or annotated 
illustrations of the idea that could be understood by students. There were not any graphs showing an example of a 
cause–effect relationship, or interrelationships between different taxa or even a table with a comparison of both 
groups of analyzed animals. Only one analyzed textbook presented a comparison between two species of snakes. 
The roles of such graphical aid as annotated illustrations were examined by Meyer and coworkers (1996). These 
authors have shown that annotated illustrations help students to focus on key explanative information (mainly due 
to the fact that the explanations are presented without additional, distracting verbal information). Such illustrations 
also aid learning because they help the learner to construct connections between verbal and visual representations 
of the explanation, and this helps in problem-solving. They also proved that summaries (a shorter text) are more 
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effective in the learning process than a long text—simply by minimalizing the cognitive load. The effect was proven 
to be better with a combination of visual and verbal summaries. In light of the results presented by them, the 
amount of information presented in Polish textbooks seems to be too big, and pictures presented there play the role 
of a colorful ornament, not didactical aids. 

What is our major concern is that it is hard to clearly indicate who the recipient of the textbook is. It should be 
clear that it is students and teachers. But if we take a closer look to the content presented there, we might find 
ourselves in doubt. Textbooks are filled in with many words, and some pictures, but these words are often 
misleading, and together with pictures do not refer to everyday knowledge of a child—who should be a major 
subject here. They lack a core idea that could guide children in the learning process. Such a core idea could serve 
as a good scaffolding tool, as a hypothesis discussed while the content is presented. Instead, textbooks just report, 
provide information in a way that is usually boring for children (Bybee, 1989). Such a situation is perceived as a 
demotivating factor (Al-Khairy, 2013). In the analyzed textbooks, there were no cognitively interesting tasks, which 
could involve students in the process of finding more information about amphibians or reptiles. Such textbooks fail 
as a good source of scientific knowledge—they do not involve a child in the process of learning, nor serve as a 
manner and tool of communication.  

The authors wanted to supplement this discussion with the role of the publishing house in the didactic process, 
in which authors did not succeed. Collecting feedback on textbooks is important for both students and teachers. 
Especially those textbooks may involve the student more actively, among others, by introducing a core idea or 
changing the narrative to writing a textbook in the convention of a popular-science book. Another would be to 
present graphical aids instead of just pictures.  

Additionally substantial errors in textbooks are a vast problem and, if they are not corrected by the teacher, 
might lead to many problems, such as: Failure in external exams, not understanding/having a skewed view of the 
surrounding world and poor decisions regarding the management of both nature and resources or, in extreme 
cases, the errors might even be life-threatening (Bizzo & Caravita, 2012) or at least have consequences in national 
exams (Sajkowska & Rybska, 2014). For example, recently, in 2013, during the external exam at the end of the high 
school, examiners observed many instances in which a piece of incorrect information from one textbook (about the 
role of pores in the skin of the amphibians in conducting respiration) appeared in the answers of many students 
(Sajkowska & Rybska, 2014). Textbooks without a teacher, as a source of scientific knowledge, might not only be 
insufficient but also misleading. It might be presumed that the publisher does not conduct a thorough enough peer-
review process, which might be improved by inviting teachers who has practical experience to this process. If a 
teacher treats a textbook as a didactical aid, not as a major scientific source of knowledge, they can detect and 
correct mistakes in textbooks (Ferris, 1995). 

What is role of the teacher as a source of scientific knowledge? 
As it is presented in the results, the role of a teacher as a source of scientific knowledge is complex and full with 

nuances. Their teaching styles and reflectiveness toward themselves is diverse, as it is presented below. 
During the interviews, the majority of teachers appeared to follow the teaching style defined as either PT or DT 

in this paper and our study, stressing scientific knowledge while teaching. This result is consistent with opinions 
from interviews, where teachers claimed that knowledge is the most important element. It can be assumed that in 
that opinion of teachers, after constructing students’ knowledge in the classroom, students might be able to teach 
their parents. It is striking that those two beliefs correlate more often than statements about the importance of 
knowledge and developing skills. However, it fits well with our assumptions about the teaching priorities of a 
didactical teacher and the fact that the majority of the interviewed teachers, regardless of education level, were 
assigned to this category. Surprisingly, there was not any junior high school teachers assigned to the teaching style 
defined by us as ethical teachers among the participants chosen for the study. This fits with previous observations 
by Lickona (2009), who mentioned that it is not very popular in Europe or other parts of the world to conduct 
ethical lessons during regular classes.  

Furthermore, the interviewed teachers, in their statements, often showed a tendency to neglect ethics or the role 
of shaping attitudes during school activities. This could be assessed by the presence of such statements as: “I don’t 
have time for this (ethics, talking about values) during the lesson”, or “shaping attitudes should be done by 
parents...” or “students can shape them by talking to each other”. Teachers emphasized the significance of 
constructing students’ knowledge as their most important role in the classroom. The development of skills or 
shaping attitudes was less crucial in their opinion. However, at the same time, the teachers are aware of the presence 
of both negative attitudes toward amphibians and reptiles and negative cultural perception of those groups causing 
misconceptions. The importance of the connection between attitudes and cultural perception can be seen in the 
work of Ceríaco (2012), where the author presents that many amphibians and reptiles have a negative cultural 
image, which might lead to misconceptions and unnecessary killing of those animals. Some of those misconceptions 
are strongly connected with folk biology (Crump & Fenolio, 2015), and changing them might be impossible, as they 
are the part of heritage. Amphibians and reptiles are killed as a consequence of those beliefs (Crump & Fenolio, 
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2015). Therefore, it is crucial for teachers to be aware of this cause and effect link in order to put more stress on 
shaping the attitudes during didactic process. But to be aware of this, teachers have to be reflective. 

The ideal teacher should use all three teaching styles in harmony—be DT, ET, and PT and be reflective. It should 
be stressed that being reflective is one of the most important skills and activity every teacher should possess. In 
such cases, the ideal teacher would be presented as a reflective DEPT, which is not a separate style, but a 
metacategory above teaching styles integrating all desirable factors. The meaning of reflective DEPT is that a 
teacher’s personality and attitude is crucial, since he or she is shaping students’ minds (provides information, serves 
as a template, shows pathways, shapes attitudes, puts value into their own statement—influencing through all of 
that students’ minds). The authors expect from the teacher to be all inclusive—at the same time teaching and raising 
the student as a mature and responsible citizen. This seems to be possible with a teacher who possesses a reflective 
DEPT teaching style. There is a lot of research about ethical Teachers, but unfortunately, they mainly consider the 
teacher as a person who should act ethically and not transfer their own beliefs to students (Campbell, 2003), and 
this is not the approach which authors undertook in this study. Shaping attitudes is strongly connected with the 
values that a person holds. It seems to be extremely difficult to create a universal pattern of values every teacher in 
every country in the world should present, since different values are important in different countries. On the other 
hand, we all might agree on a few core ones that should be common when talking about science education. The 
values such as responsibility for our actions, environmental protection, etc. would be present among them. 

Furthermore, a dedicated teacher with the sense of the mission might change those misconceptions by changing 
negative attitudes, even though that might be the hardest task for the teacher in the classroom. In addition, this 
challenge is more often faced by teachers in primary schools than in junior high schools. However, Watt and 
Richardson (2008) claim that this might not be connected with the school level but with the role of the teacher, 
which has been changed over the years. On the other hand, it is well known that experience with an object leads to 
respect. Chawla and Cushing (2007) presented that even the best longitude environmental education program will 
not replace good environmental education at home. Thus, school education should at least support it or cooperate 
rather than neglect presenting issues connected with shaping attitudes. As Vaughan and coworkers (Vaughan, 
Gack, Solorazano, & Ray, 2003) showed, all of these elements should be connected (motivated students, teacher, 
and parent) if they are to lead to successes in the form of environmentally aware and reflective citizens. 

CONCLUSIONS 
Students’ sources of scientific information are the most commonly used tools in the education process, as they 

play a role in the process of constructing knowledge, developing skills, and shaping attitudes. However, at the 
same time, they can also be sources of misconceptions and/or missed teaching opportunities. What is more, they 
can cause some of the problems—usually communication between all people involved in designing and using 
scientific textbooks does not exist. Additionally, we might observe that teachers tend to use very limited sources of 
students’ scientific information in addition to themselves and textbooks. 

Therefore, in the example of topics of amphibians and reptiles, we presented the results of content analysis of 
Polish biology textbooks, and in-depth interviews of biology teachers for educational levels from primary school 
to junior high school. 

None of the analyzed textbooks was free from errors. Additionally, none of them fulfilled the motivational 
function or contained an apparent “bigger idea” which might influence a student’s appreciation or understanding 
of these animals (by providing a bigger picture). We also proposed a model of categorization of dominant teaching 
styles through the distinction of three major categories: Didactical, ethical, and pedagogical teacher/teaching style. 
In our research, there was only one teacher that could have been categorized as an ethical teacher with the potential 
to be a reflective DEPT. The majority of teachers presented the didactical style as the dominant one. We also found 
out that for the majority of teachers, the most important part of their job is to help their students to construct 
knowledge and skills but not to shape attitudes. Such declarations are common among teachers, despite the fact 
that shaping attitudes has been shown to play a crucial role in any education system. Our results also showed that 
there is a strong correlation between a teacher’s claims that respect toward organisms is significant and claims 
about the importance of a direct experience with nature. Remarkably, even though the interviewed teachers were 
aware of this necessity, at the same time, they did not stress the value of shaping attitudes during lessons. Part of 
the problem lies in the small number of hours of biology devoted to its teaching (in junior-high school it is 1 hour 
per week). Teachers give this as the main reason for not doing fieldwork with students. 

Implications 
One possible resolution of this problem would be to conduct classes which will give students the opportunity 

to have a direct experience, which will shape attitudes and motivate respect for living organisms, with the use of 
good textbooks as an additional supplementary teaching tool. With unlimited access to information, teachers 



 
 

EURASIA J Math Sci and Tech Ed 

 

15 / 20 
 

should be able to create influential and complex classes, which would shape students’ attitudes. Teachers with an 
ethical style of teaching will be able to conduct it, and as presented in this article, the majority of the analyzed 
teachers possess the necessary elements to create and promote this teaching style, as it is the most suitable in the 
modern classroom. 
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APPENDIX 

Questions from the Interview, Categories and Examples of the Answers of the Teachers 
Researchers divided all interview questions on two parts – 1: General characteristic of the teacher (questions 1-

3;5;10) and 2: Herpetological knowledge of the teacher (questions 4;6-9). Factors with frequency lower than three 
were pooled out of the analysis. 

No Question from interview/ 
Themes 

Example of the answer Code 

1. What is most important in 
teaching? Knowledge, skills, or 
Attitudes? 

“In my classroom the most important is 
knowledge, because students can use it in the 
future on the exams” 
 
„The most important is knowledge and skills 
which might arise from it. If students use what 
they learn or they will put in practice, they will 
remember learned information longer.” 

Knowledge 
Skills 
Attitudes, 

2. What role plays biology in the 
process of education of the 
students? Is it there some special 
dimension, and if so, why? 

“I think all of the subjects in school, are important 
and they fulfill each other. If I had to choose why 
biology is special, or have some special 
opportunities it would be creating sensitivity and 
respect towards living organism.” 

respect 

3. Does the teaching of zoology 
have a special role in teaching 
biology? 

“I don’t think that zoology have some special 
place in teaching biology…If already it have to 
had some meaning, it shows how animal is built, 
and how morphology have to be connected with 
their adaptation to environment. “ 

Morphology 
 

4. Common mistakes among 
students 

“The most common error which I observe while 
teaching about amphibians and reptiles made by 
students is thinking that slow worm is a snake, 
because it has no legs.” 

misconceptions  

“Many students doesn’t know amphibians and 
reptiles as they never met one and thinks that they 
are ugly. I also wouldn’t take a frog to hand.” 

culture  

5. Who can influence students’ 
attitudes – school, the media or 
parents? 

“I think the most important is to influence 
students attitudes are their own experiences of the 
nature. It is crucial to recognize animals in the 
wild.” 

experiences  

“I think the most important are parent – from their 
influence depends if children in the future will go 
outside and explore the nature by themselves.” 

parents support  

I think that the most important is school, as when 
children get the knowledge in school the can teach 
their parent and shape their pro-environmental 
attitudes.” 

children teach 
parents, 

6. Is teaching an occupation or a 
mission for you? 

“I think no one would do this without some sense 
of the mission.” 
“In my opinion vocation-mission is necessary, 
without it you can’t be a good teacher if you refuse 
to influence students’ lives.” 

teacher with a 
mission 
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List of Analyzed Textbooks 
No Title Publishing house Level of education Class Year of publication 
1 Puls życia 1 Nowa era Junior high school Class 2009 
2 Biologia z tangramem 2 Tangram Junior high school 1 2010 
3 Ciekawa biologia 2 WSiP Junior high school 2 2012 
4 Bliżej biologii WSiP Junior high school 2 2011 
5 Z natury rzeczy MAC Junior high school 2 2009 
6 Świat biologii 1 Nowa era Junior high school 2 2009 
7 Biologia 2 Operon Junior high school 1 2010 
8 Biologia dla gimnazjum Żak Junior high school 2 2010 
9 Przyroda 5 Operon Primary school 2 2010 

10 Na tropach przyrody 4 Nowa era Primary school 5 2012 
11 Przyrodo witaj 6 WSiP Primary school 4 2014 
12 Tajemnice przyrody 6 Nowa era Primary school 6 2010 
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