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Abstract

Th e authors conducted a survey among graduates of Master’s courses in Teacher 
Education in Biology to determine their opinions on the importance of biology and 
environmental education didactics during their pre-graduate studies. Results of 
the survey indicated some existing defi ciencies in pre-graduate teaching of biology 
and environmental education didactics and raised suggestions for innovation. Th e 
survey of 119 respondents was conducted in 2009. Most respondents considered 
the benefi t of their pre-graduate Teacher Education in Biology degree suffi  cient for 
their own knowledge in biology, while considering the benefi t of a pre-graduate 
course for their own pedagogic and didactic competencies a small one. Th e survey 
proved that most graduates of Teacher Education in Biology studies ranked the 
subject of biology didactics among the key modules of their pre-graduate degree 
course and identifi ed several strengths and weaknesses in the teaching of biology 
didactics. Th e respondents who were professionally involved in Environmental 
Education viewed the absence of special didactics of environmental education 
and limited time allocation for teaching practice as shortcomings of their pre-
graduate course structure. Based on this research, two educational projects were 
designed, allowing for the implementation of innovated didactics of biology and 
environmental education together with specialized teaching practice for biology 
teacher education students in collaboration with several Czech universities and 
participating foreign lecturers.

Ivo Machar, Jan Činčera,
Olga Vránová, Vilém Pechanec,
Helena Kiliánová, Jitka Málková
Czech Republic



32 Ivo Machar, Jan Činčera, Olga Vránová, Vilém Pechanec, et al.

Keywords: didactics of biology and environmental education, innovation, biol-
ogy teachers

Introduction

Subject-matter didactics plays an integral part in the curriculum of teacher 
education (Shulman 1987), as the level of didactic knowledge of the curriculum 
content and methods of its interpretation to students signifi cantly determine 
the quality of a given teacher. Didactics of biology has seen, among other things, 
a growing emphasis on the importance of research-oriented teaching of biology 
and ecology (Činčera 2007).

In addition to their didactic knowledge of curriculum content, the eff ectiveness 
and quality of the teacher’s work is conditioned by their teaching skills which 
refl ect didactics to a signifi cant degree (Kyriacou 1996). Teachers should learn 
the basics of their teaching skills during their pre-graduate studies. It is therefore 
requisite to continually look for teaching practice innovation throughout the pre-
graduate training of future teachers.

Th e authors, motivated by their eff orts to look for optimum means of innova-
tion in the didactics of biology and environmental education, conducted a survey 
among graduates of Teacher Education in Biology to determine their opinions on 
the importance of biology and environmental education didactics during their 
pre-graduate studies. Th e aim of the paper is to present results of this research and 
their application in project innovation of didactics of biology and environmental 
education at Palacky University in Olomouc. Th e paper also discusses feedback 
received from the participants in this project innovation in the context of current 
changes in the education system.

Methods

Research on the target group of graduates of Master’s courses in Teacher Educa-
tion in Biology at Palacky University Olomouc was conducted in 2009 in the form 
of a questionnaire survey (Chráska 2007). Th e primary aim of the research was 
to evaluate the benefi t of pre-graduate didactics of biology and environmental 
education (EE) for teaching practice from the perspective of Master’s degree 
graduates who work as secondary biology teachers teaching the 11 – 15 age range, 
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exceptionally also as biology teachers teaching the 16 – 19 age range, or working 
as lecturers of Environmental Education (hereinaft er EE).

A  questionnaire with closed-ended questions was applied in the research 
(Gnitecki 1993). Th e questionnaire was divided into two parts: (1) Basic infor-
mation about the respondent, (2) Evaluation of the content and benefi t of the 
completed courses of biology and EE didactics during the pre-graduate Teacher 
Education in Biology studies with respect to its signifi cance for the current teach-
ing practice of the respondent. Th e respondents were given the option to add 
their own commentary to the closed-ended questions used in the questionnaire. 
Th e questionnaire response rate was 64%. A total of 119 respondents took part in 
the survey; all of them graduated from Teacher Education in Biology at Palacky 
University Olomouc between 1999 and 2008.

To determine the degree of reliability of the questionnaire data, comparison 
of data obtained from two equal samples, formed from the basic sample as a rep-
resentative selection, was conducted. Th e rate of agreement between respondent 
responses in both randomly generated samples was expressed using Cohen’s coef-
fi cient (Mareš 1983):
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where κ is the Cohen coeffi  cient, pp is the observed agreement and po is the 
expected agreement. Th e test of statistical signifi cance of the calculated coeffi  cient 
κ was calculated by a standardized normal variable using a criterion according to 
the following formula:
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where u is the value of the standardized normal variable and the remaining sym-
bols correspond to those in formula (1).

Th e analyzed survey results were used to design a project of innovation in didac-
tics of biology and environmental education under the Operational Programme 
Education for Competitiveness (OPEC) called “Environmental Education in Prac-
tice” (Machar 2011). Preparation of new study subjects (referred to as “courses” in 
project terminology) drew on the accentuating activating teaching methods and 
enhancing research-oriented instruction of biology in teaching practice.
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At the end of every project course the course was evaluated by its participants – 
pre-graduate students of Teacher Education in Biology – in the form of evaluation 
questionnaires with closed-ended questions. Th e output of these evaluations served 
as inspiration for the design of a follow-up project “Partnership for Enhancing 
Communication in Nature Conservation (KONEV)” under OPEC. Th is project 
facilitated the enhancement of pre-graduate courses in both Teacher Education 
in Biology and Biological Sciences, specifi cally by including wider application of 
subject-matter didactics in students’ teaching practice with potential employers.

Results

Determination of reliability of the survey results proved to be satisfactory, as the 
calculated value of the Cohen coeffi  cient for the survey results obtained was 0.811 
and as such may be considered satisfactory with respect to the agreement between 
randomly selected respondents. Th is fi nding therefore meets the requirement for 
reliability of the research methods applied. Th e value of standardized normal 
variable 6.01 upon signifi cance level 0.01was higher than the critical value (2.58) 
for the two-tailed test, it may be therefore noted that the calculated coeffi  cient 
reveals a statistically signifi cant agreement between respondent responses in the 
conducted survey.

Out of the set of 119 Teacher Education in Biology graduates who studied 
during the monitored period 1999 – 2008 (Figure 1), most (72%) work in educa-
tion at present. 69 persons (80%) work as biology teachers at lower secondary 
schools, 5 persons (6%) work as EE coordinators and 12 persons (14%) work as 
EE lecturers in non-profi t educational organizations. A relatively low number of 
the respondents (12%) are out of work at present, yet had had a minimum of 
three years of teaching practice prior to completing the questionnaire. A smaller 
part of the respondents (16%) work outside the fi eld of their degree, mostly in 
jobs requiring a university degree as a basic qualifi cation. Th is group of persons 
has had no teaching practice since graduating and as such their responses in the 
questionnaire section relevant to the evaluation of benefi ts of pre-graduate courses 
for teaching practice were not included in the research.

Th e benefi ts of pre-graduate Teacher Education in Biology courses for knowl-
edge competency in biology are considered suffi  cient by the majority of the 
respondents (78%). In their comments on this question, the respondents (34%) 
stated that the knowledge of biological terminology obtained during pre-graduate 
studies is signifi cantly more extensive than the knowledge applicable in teaching 
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practice at lower secondary schools. Th e most obvious weakness of their knowl-
edge competency in biology, as the respondents see it, is the fact they have virtually 
no opportunity to follow the latest trends in biological subjects. Th e following 
reasons are considered key ones: a) lack of time in the working hours of lower 
secondary school teachers, b) insuffi  cient funds at lower secondary schools limit-
ing the possibility of journal subscription.

Th e evaluation of the benefi ts which pre-graduate studies brought to the 
respondents’ teaching and didactic competencies was altogether diff erent 
(Figure  2). Only 4.2% of the respondents stated that pre-graduate studies in 
Teacher Education in Biology provided them with all the necessary teaching and 
didactic competencies for the profession of a biology teacher or EE lecturer. Most 
respondents considered the benefi t of pre-graduate studies for their own teaching 
and didactic competencies as limited (73.2%) or virtually non-existent (22.6% of 
the respondents), requiring additional self-study.

Respondent evaluation of the importance of Didactics of Biology module in 
pre-graduate courses was relatively unambiguous: most respondents (77.3%) 
considered Didactics of Biology to be one of the key modules of their university 
programme in Teacher Education in Biology. In their comments on this question, 

0

5

10

15

20

25

30

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Year of graduation from pre-graduate studies

Ab
so

lu
te

 n
um

be
r o

f r
es

po
nd

en
ts

 

Figure 1. Structure of the studied respondent sample based on the questionnaire response rate and 
the graduation date in Teacher Education in Biology
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the respondents (34%) considered the Environmental Education and Science 
Experiment Practice modules highly contributing. All the three modules listed 
above are didactics-oriented. Four respondents gave identical comments, saying 
that knowledge of manuals for laboratory science exercises gained in the Science 
Experiment Practice module together with the knowledge of basic principles of 
textbook evaluation provided by Didactics of Biology were greatly contributing to 
their teaching practice. Th e remaining comments contained a wide range of the 
respondents’ opinions about lecturers of individual modules. Th ese opinions were 
probably laden with subjective memories of unique personal experiences of indi-
vidual respondents and as such were not subject to evaluation. Comments focus-
ing on content defi ciencies of the Didactics of Biology module provided valuable 
information (Figure 2). A total of 17% respondents more or less agreed in their 

Figure 2. Analysis of shortcomings of the Didactics of Biology module in pre-graduate studies 
in Teacher Education in Biology as viewed by the graduates
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responses that Didactics of Biology received insuffi  cient time allocation in their 
pre-graduate course and that they would like this module to “be more in-depth 
oriented”. Virtually all the respondents who are professionally involved in EE 
would have welcomed special subject-matter didactics focusing on environmental 
education during their studies. In their comments, the respondents also pointed 
out that little attention was paid to educational projects, including the methodol-
ogy of preparing school educational projects, seeing this as a  shortcoming of 
Didactics of Biology. In their comments regarding the importance of Didactics of 
Biology, the respondents mentioned the teaching practice undertaken, where 
didactics of biology was refl ected. Th ey considered the limited time allocated to 
teaching practice in their pre-graduate course to be a shortcoming of the teaching 
practice structure, saying that they would consider teaching practice more focused 
on immediate application of biology didactics greatly benefi cial. Application of the 
research results in the project innovation of subject-matter didactics of biology 
and environmental education in biology teaching is shown in Figure 3.

Results
of questionnaire

survey

Innovation
in the ENVIRUP

project

Evaluation
of innovated

courses

Innovation
in the follow-up
KONEV project

Identified
shortcomings

of Didactics
of Biology

New courses
(Didactics of Forest

Pedagogy, etc.)

New textbooks

New courses
(Modern Trends
in Biology, etc.)

Involvement
of foreign experts

in education

New courses
(Preparation

for Practice, etc.)

Identified
deficiencies

in knowledge
of biology Prolongation of
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courses

Extending
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teaching practice
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Figure 3. Application of survey re sults in the project innovation in subject-matter didactics of 
biology and environmental education in the Teacher Education in Biology at Palacky University 
Olomouc
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Th e defi ciencies in pre-graduate modules of biology didactics identifi ed by the 
research resulted in the introduction of four new subject-matter didactics courses 
for students of Teaching Education in Biology: Didactics of Forest Pedagogy, Th e 
introduction of Didactics of EEARC, Didactics of Care for the Environment and 
Didactics of Nature Conservation.

Defi ciencies in the biology teachers’ expert knowledge of new trends in bio-
logical sciences, as identifi ed in our survey, inspired the publication of new study 
materials and introduction of new courses: Modern Trends in Biology, Environ-
mental Ethics and Global Learning and Development Education.

Th e respondents’ additional comments on the closed-ended questions of the 
survey yielded interesting suggestions regarding teaching practice in pre-graduate 
courses. Informed by them, a  set of several modules was prepared under the 
project innovation, signifi cantly extending the practical competencies of pre-
graduate students towards enhancing their future employability. Th e Preparation 
for Practice module is a set of seminars led by experts from nature conservation 
institutions and non-governmental organizations focusing on EE. Th is course is 
popular with pre-graduate students. It is followed by the course EE in Practice, 
which includes a long-term internship (4 weeks) with potential future employers 
at EE centres. Th e second follow-up course EE and Forest Pedagogy Practice is 
a two-week group workshop for pre-graduate students of Teacher Education in 
Biology. It off ers them the chance to become acquainted with the basic principles 
of forest pedagogy under the tuition of forest pedagogy lecturers.

Evaluation of student feedback on the innovated didactic modules informed 
the design of the follow-up KONEV project. Th is project, whose primary focus 
is to establish a collaboration network of six Czech universities with professional 
practice, extends pre-graduate courses in both Teacher Education in Biology 
and Biological Sciences, specifi cally by including new possibilities of subject-
matter didactics application in students’ teaching and professional practice. Th ey 
are given the opportunity to take long-term individual or team internships in 
renowned nature conservation institutions which are actively involved in EE and 
collaborate primarily with lower secondary schools. Th ese internships focusing on 
environmental education are mostly taken in national parks.

Discussion

Th e ongoing changes in education are naturally also refl ected in subject-matter 
didactics through curriculum changes (Walterová 1994). In relation to the trans-
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formation of the education system, conceptual and content changes aff ect biology 
education signifi cantly as well. Th e pedagogical and psychological constructivist 
and psycho-genetic principle must act as the cornerstone of biology education, 
bearing in mind that far from all scientifi c biology fi ndings may be applied in 
the lower secondary biology curriculum (Švecová 2001). Owing to this, model-
based teaching will be increasingly applied in science education, demonstrating 
biological knowledge on specifi c, didactically suitable selected examples while 
applying activating teaching methods (Grecmanová, Urbanovská 2007). Future 
teachers, however, need to learn how to use activating teaching methods in their 
pre-graduate courses (Oravcová 2004). With the onset of a new millennium, learn-
ing and education cannot be properly implemented at schools without paying 
attention to their environmental aspects (Orr 2004). Th e results of the presented 
survey indicate that some biology teachers lack knowledge competencies in envi-
ronmental education didactics. Didactics of environmental education stresses the 
importance of the educational role of story-telling, play and project-based educa-
tion (Eilam, Trop 2011). Some researchers (Gallová, Švecová 1996) indicate that 
biology is the key subject in environmental education. Th e results of our survey 
revealed that pre-graduate students of Teacher Education in Biology are aware 
of their knowledge defi ciencies with respect to the latest trends in the fi eld. With 
this in mind, our project innovations deliberately focused on introducing new 
modules and study materials which present students with the latest fi ndings in the 
modern biological applications in education and the corresponding subject-matter 
didactics (Papáček 2006).

Nevertheless, the issue of the signifi cance and position of biology within 
environmental education remains a  subject of discussion. Th e evolution of 
environmental education abroad followed approaches which aspired to pass on 
the knowledge about nature, education in nature or education towards nature 
protection (Disinger 2005). Starting with the 1970s, however, we have been able to 
witness the trend of a gradual shift  of environmental education focus “away from 
nature” “towards society”.

Environmental education traditionally understands ecological knowledge as 
one of its “target levels”, whereby the target attainment of this level should be to 
“provide learners with suffi  cient ecological knowledge to permit them to make 
ecologically sound decisions with respect to environmental issues” (Hungerford, 
Volk 1990). Th e existing defi nition of horizontal issues in framework education 
programmes stresses the importance of ecological knowledge. Future develop-
ment of the fi eld in the Czech Republic will probably take place in the context of 
a nation-wide discussion about the curriculum reform.
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Th e accelerating process of globalization faces new challenges in conceptual-
izing biology education, which the didactics of global learning and education is 
trying to refl ect (Carvalho 2008). Our project innovation in didactics of biology 
and environmental education echoes this process by introducing a new course 
called “Global Learning”, for which new study support was prepared (Máchal et 
al. 2012).

Th e conducted survey on the opinions of Teacher Education in Biology gradu-
ates helped to support the respondents’ professional self-refl ection, which is an 
integral skill of the teaching profession (Urbanovská 2004). Th e participants in the 
research presented in this paper positively valued the importance of knowledge 
of didactics of science laboratory work. Th e project innovation which followed 
the research endeavoured to follow the modern trend of shift ing the traditional 
concept of science laboratory work towards research-oriented learning (Papáček 
2010).

It is probable that without the possibility of fi nancial support from OPEC 
projects the implementation of the relatively costly innovation in subject-matter 
didactics would not have been possible. Th e same may be generally said about 
all innovations in university education which primarily focus on enhancing the 
employability of university graduates (Ryška et al. 2012). Educational projects 
similar to those presented in this paper are being implemented at other universities 
as well. Yet, the real eff ectiveness of such projects has been very rarely evaluated 
in expert publications (Koucký et al. 2008). Th e required sustainability of OPEC 
projects aft er the termination of their funding will lead to a gradual downturn in 
individual project activities. In this context, the importance of lifelong learning 
should be stressed, as it may support the sustainable maintenance of teachers’ 
didactic competencies.

Conclusions

Th e current development of biological sciences steers towards gradual integra-
tion, which is refl ected in the trend favouring modular teaching in the didactics of 
biological subjects. Increasing demand for new attractive forms of biology learning 
at lower secondary schools (research-oriented learning, cross-curricular projects) 
together with accentuated horizontal application of environmental education 
increases the demand for didactic skills in teachers. Th e results of the presented 
research revealed that lower secondary biology teachers and EE lecturers view 
didactics-oriented disciplines as key ones in their fi eld. Th e presented project 



41Innovation in Biology and Environmental Education Didactics

innovation in subject-matter didactics was implemented by a multi-disciplinary 
team driven by their eff ort to enhance the teaching competencies of future natural 
science and environmental education teachers. Th e authors would appreciate it 
if the results of their work contributed to the discussion about subject-matter 
didactics of biological disciplines.

Acknowledgements
Th e paper was supported by the grant No. CZ.1.07/2.4.00/17.0073 at Palacky University 
Olomouc.

References

Broukalová, L.; Broukal, V.; Činčera, J. (2012). Objectives and Indicators for Envi-
ronmental Education, Awareness Raising and Consulting in the Czech Republic. 
Prague: Ministry of Environment.

Carvalho, M. (2008). Global Education Guidelines. Lisbon: North-South Centre of 
the Council of Europe.

Činčera, J. (2007). Environmental Education: From Goals to Means. Brno: Paido.
Disinger, J.F. (2005). Environmental Education’s Defi nitional Problem. In Hunger-

ford, Harold H.; Bluhm, William J.; Volk, Trudi L.; Ramsey, John M. Essential 
Readings in Environmental Education (pp. 17–32). Champaign: Stipes.

Eilam, E.; Trop, T. (2011). ESD Pedagogy: A Guide for the Perplexed. Th e Journal 
of Environmental Education, 42 (1), 43–64.

Gallová, M.; Švecová, M. (1996). Concepts of Biology Teaching at Grammar Schools 
in CR. Biologie, chemie, zeměpis, 5(5): 202–204.

Gnitecki, J. (1993). Zarys metodologii badań w pedagogice empirycznej. Zielona 
Góra: Wyższa Szkoła Pedagogiczna.

Grecmanová, H.; Urbanovská, E. (2007). Activating Teaching Methods and School 
Educational Programme Tools. Olomouc: Hanex.

Hungerford, H.R.; Volk, T.L. (1990). Changing Learner Behavior Th rough Envi-
ronmental Education. Th e Journal of Environmental Education, 21(3): 8–21.

Chráska, M. (2007). Methods of Educational Research. Praha: Grada.
Jakab, I; Kopcová, O. (2004). Didactics of Environmental Ecology. Nitra: Univerzita 

Konštantína Filozofa.
Kyriacou, CH. (1996). Key Teaching Skills. Praha: Portál.



42 Ivo Machar, Jan Činčera, Olga Vránová, Vilém Pechanec, et al.

Koucký, J., Voříšek, P., Zelenka, M. (2008). University Graduates on the Labour 
Market. AULA, 16(2): 1–10.

Machar, I. (2011). Environmental education for success in practice – an innovative 
project focused on preparing students of Palacky University in Olomouc. Journal 
of Landscape Ecology, 4, 3: 92–94.

Mareš, J. (1983). How to Determine Reliability of Observation? Pedagogika, 2: 35–42.
Máchal, A.; Nováčková, H.; Sobotová, L. (2012). Introduction to Environmental 

Education and Global Development Learning. Lipka: Brno.
Oravcová, J. (2004). Active Learning in the Preparation of Future Pedagogues. In 

Oravcová, J. (ed) Evalvácia v  edukačnom procese vysokých škol (pp. 83–93). 
Banská Bystrica: Univerzita Mateja Bela.

Orr, D.W. (2004). Earth in Mind. On Education, Environment, and Human Prospect. 
Washington: Island Press.

Papáček, M. (2006). Demands for Contemporary Didactics of Biology. In Dar-
gová, J. & Darák, M. (eds) Didaktika v dimenziách vedy a praxe (pp. 330–335). 
Prešov: Euroeducation.

Papáček, M. (2010). Research-oriented Science Learning – a Road for Biological 
Education of Generations Y, Z and Alpha? Scientia in Educatione, 1(1): 33–49.

Ryška, R., Zelenka, M., Lepič, M., Koucký, J. (2012). Employability and Placement 
of Charles University Graduates. Studie, Pedagogická fakulta, Univerzita Karlova 
v Praze, 18 pp.

Shulman, L.S. (1987). Knowledge and Teaching. Foundation of the New Reform. 
Harvard Educational Review, 57: 1–22.

Švecová, M. (2001). Possibilities of Curriculum Innovation in Relation to Dynamic 
Development of Natural Sciences. Pedagogika, 51(3): 227–265.

Urbanovská, E. (2004). Evaluation as Part of Professional Self-Refl ection. In Orav-
cová, J. (ed) Evalvácia v edukačnom procese vysokých škol (pp. 24–33). Banská 
Bystrica: Univerzita Mateja Bela.

Walterová, E. (1994). Curriculum. Transformations and Trends in an International 
Perspective. Brno: Komenium.


