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Abstract 

The main aim of the teacher study program is to ensure the proper role of teaching practice, which is in-
cluded in initial teacher training courses. It is necessary that teachers of chemistry gain or develop learn-
er competencies for appropriate teaching/ learning in the chemistry subject by using innovative teaching 
methods. In terms of activities and methods correction of the continuous teaching practice  model for 
prospective chemistry teachers in Pedagogical study program of 2nd  degree “Educational Chemistry” 
which would ensure the creation of a competent chemistry teacher (active and innovative).The main result 
of the study is a list of potential competencies by prospective chemistry teachers using innovative teach-
ing methods. These competencies can be developed and produced in the performance of activities defined 
by using continuous teaching practice, particularly in the areas of testing and assessment, experiential 
and collaborative learning, and experimental (laboratory and field) work. Each of these components is 
separately assessed by activity and competence. 
Key words: continuous teaching practice (role), innovative teaching methods, learners’ competencies, 
potential competencies by prospective chemistry teachers.  

Introduction

In the field of education there is a need for the provision of professional competence one 
of the key qualities of a teacher as a professional what requires a shift in emphasis from content 
to competencies. The confluent teaching practice of prospective teachers certainly has a central 
place in the process of undergraduate education and teacher training. Only then comes to inter-
connection of acquired theoretical and experiential knowledge, which means that function as a 
mutual source of information about the teaching (Cvetek, 2002). 

Undoubtedly, continuous teaching practice (TP) offers to prospective trainee an opportu-
nity for the implementation and development of teachers’ professional activities, from planning 
and design of operating objectives as well as constructing methods and strategies to achieve 
these objectives (Moussay et. al., 2011). 

Of course, prospective teachers (including chemistry) as trainees acquire and develop the 
necessary competencies through the implementation of the program activities. Effective imple-
mentation of diverse pedagogical activities (didactic, methodological and educational) requires 
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mastery of innovative teaching and learning methods. Theory-based implementation of each 
teaching method is based on selected competencies of teaching. It is now necessary to high-
light the link between the activities of prospective trainee and innovative teaching and learning 
methods used for the implementation of these activities. Particular attention should be paid to 
the effectiveness of practice, therefore, it is necessary for prospective trainees to assist in devel-
oping their ability to analyze their teaching and learning and appropriately improve and adjust 
this practice (Sandholtz, 2011). In the pre-service preparation, the school teacher-mentors are 
non-replaceable because they are the ones that encourage critical analysis and evaluation of the 
integration between theory and practice that classroom trainees implemented in the classroom 
directly (Sim, 2006). Work of school teachers as mentors remains an established partnership 
model, as well as a reflective learning model for prospective trainees (Haggera et.al., 2008). 

Problem of Research
          
Competency analysis carried out in the framework of the Tuning project represents the 

answer to the question of which competencies contribute most to the effective professional 
functioning of future graduates. This analysis along with a set of key competencies common 
to all teachers also includes subject-specific competencies (Québec Education Program). Of all 
of these competencies there are some of which a prospective teacher cannot develop without 
learning in an authentic environment, represented by continuous teaching practice (CTP). Thus, 
the teacher competencies in the frame of CTP are defined as those which prospective teacher 
largely produces and develops during CTP. These competencies can be categorized into the fol-
lowing areas of teacher activities: didactic-methodical, communication, creation of professio-
nal self-esteem, student supervision and management of teaching and narrow subject area. (Juri 
evec et al., 2007). The objectives of TP teachers of the program Educational Chemistry 1st, 2nd 
level: integrated 7-day observational practice, 7-day deployment practice (primary education 
(PE) and secondary education (SE)), 14-day continuous TP (PE, SE) (Lemut, p. 30-32).

Initial mastery of didactic approaches (teaching methods) and work strategies (eg. project 
work, teamwork, experiential learning, research teaching) is the most important component of 
the competencies to be acquired / deepened by the student during continuous teaching practice. 
This is followed by testing and evaluating knowledge and internal learning differentiation. Ho-
wever, in contemporary professional practice, reflection is gaining great importance. Regarding 
the realization of objectives (set by curricular reform) is that this reflection was also reflected 
in the requirement for simultaneous selection of optimal methods of teaching and prospective 
teacher learning. 

Research Focus

From the research carried out by Razdevšek-Pučko (2004) findings show that principals 
of primary schools in Slovenia, considering weaknesses of their teachers-beginners, indicate 
that they are not proficient in contemporary  teaching approaches, they lack practical kno-
wledge, are not qualified to transfer theory into practice, have insufficient knowledge of new 
approaches to testing and assessment and implementation of the principles of teaching, called 
internal learning differentiation.

Literature indicates a wide layout of competencies, but for the needs of pedagogical 
activities the classification, which differs key (Halasz, Michel, 2011; Key Competences for 
Lifelong Learning, 2006) generic (Australian Education Council, 1991; Gevorgianienė et. al, 
2012) and subject-specific competencies (Québec Education Program. Cross-curricular

Competencies; Razdevšek Pučko and Rugelj, 2006) are topical.
Generic competencies (also known as subject-independent competencies that an indi-

vidual develops in particular ways of working) is presented in the report of Mayer Committee 
(1991) which introduces the following fourteen competencies: (1) gathering information, (2) 
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analysis of literature and information organization, (3) interpretation, (4) synthesis of conclusi-
ons (5) learning and problem solving, (6) transferring theory into practice, (7) using mathema-
tical ideas and techniques (8) adapting to new situations (9) concern for quality, (10) individual 
and team work (11) organizing and planning of work (12) verbal and written communication, 
(13) mutual interaction, (14) ensuring safety at work.

Subject-specific competencies represent a typical feature of the particular subject, for 
example. chemistry, where pupils / students acquire and develop a series of chemistry subject 
competencies (Žarić, Sikošek, Golob, 2009), especially the following capabilities: (1) knowled-
ge of chemical terminology, nomenclature, conventions and units, (2) integration of macros-
copic perceptions of explanation on a microscopic level and records on a symbolic level; (3) 
knowledge of the structural properties of chemical elements and their compounds and stoichi-
ometry; (4) evaluation, interpretation and synthesis of chemical information / data (5) interpre-
tation of laboratory data observation and measurement of their importance and linking them 
with related theories; (6) knowledge of digital (including numerical, arithmetic) competencies 
and analysis of errors and internet communication for the purpose of operating the chemical in-
formation and data; (7) knowledge of information competencies, including getting online avai-
lable information from primary and secondary data sources; (8) knowledge of competencies 
necessary for the proper conduct of standard laboratory procedures and the use of instruments 
in the synthesis and analysis in the field of organic and inorganic systems; (9) knowledge of 
safety handling with materials and the laboratory procedures and the capability of assessment 
of risk factors in the use of these; (10) demonstration (use of) knowledge and understanding of 
the essential chemical facts, concepts, principles and theories in solving (un)known qualitative 
and quantitative problems; (11) understanding the environmental issues, assessment of risk 
factors using chemicals and implementation of laboratory procedures, as well as measures to 
prevent and reduce pollution; (12) awareness of key issues in the field of chemical research and 
development; (13) planning, preparation and execution phases of applied research identifying 
problems through the acquisition and integration of information and data (from primary and 
secondary sources) to the evaluation of the results and conclusions using appropriate techniques 
and procedures.

Since the teacher should act as a facilitator and designer of quality learning and stimu-
lating learning environment, thus the consideration of working methods that would be optimal 
for the implementation process of target activities in the field of chemical education during 
continuous TP represents the central problem of this research.

The problem of research is defined into two key questions: 
(1) What are the basic methods of effective initial training of trainee Chemistry teachers ?
(2) Which generic and subject-specific competencies can trainee teachers gain or deve-

lop in the implementation of these methods?

Methodology of Research

General Background of Research

The experience of continuous tp, performed in an authentic learning environment is as 
an irreplaceable component of the undergraduate training of future teachers (including che-
mistry). Innovative learning methods are a guide to successful learning and in continuing the 
successful operation of the vocational area and efficient to cope with the challenges of personal 
acceptance and placing the specimen in a given social environment. Both one and the other (le-
arning / studying) as well as the operation of this entity in the social environment requires the 
mastery (competence) of a series of skills and capabilities. The implementation of diverse acti-
vities such as content filler-step construction of learning / working methods to the acquisition of 
competencies and continuing daily activities. Here, a direct alliance between learning / working 
methods and exercise in the consistent application of innovative methods in the educational 
process during the continuous TP is represented.
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Sample of Research 

The sample of the empirical research was represented by a material (Diaries of continuo-
us TP) from 23 prospective teachers enrolled in the 4th grade of undergraduate pedagogical do-
uble major study programme Chemistry and ... (... meaning one of the alternative subject areas, 
for example Biology) at the Faculty of Education, University of Maribor in the academic year 
2007/2008. Those prospective teachers had already completed a 14-day continuous TP in the 
field of PE and SE (in addition to common observations and self-taught lessons as the previous 
forms of practical training).

As the research model of rational analysis of teaching methods were selected contem-
porary methods, which increase pupils' curiosity and consequently motivation for learning and 
activity and creativity. Expressed competencies that allow both partners (teacher and student) 
to get actively involved, to evaluate and improve, thus served as a key criterion of the range of 
innovative teaching methods. 

Instrument and Procedures

The starting point for the design of teaching competencies are competencies that tea-
chers will develop in their students. To this end, a list of competencies (Peklaj, 2006) was deve-
loped and revised by the expert group of the Faculty of Arts in Project Partnership of Faculties 
and schools. This list defines the teacher's competencies in terms of its activities, for example 
teaching, etc.). Students, teachers and trainees should make the shift to teaching methods that 
provide / allow particular:  achieving higher taxonomic objectives, including hypothesis te-
sting, achieving emotional and motivational objectives, including imagination, identification 
and weighing of values   and creating a vision for the future (Ivanuš-Grmek, m., Čagran, b., 
Sadek, l., 2009, p. 34), acquisition of knowledge through their own experience: self-planning, 
monitoring and controlling process (ibid., p. 29, 34), encouraging reflection of one’s own work 
and generating new knowledge, group cooperation, dialogue, interaction and feedback (ibid., 
p. 33).

Crucial in the selection of the optimal teaching method of prospective trainees during 
continuous TP were findings of the competence analysis identified in self-analysis of self-tau-
ght lessons (three self-taught lessons in the field of primary and secondary education). Trainee 
teachers carried out self-analysis of performed lessons by using analytical instruments (Polu-
tnik, 2005), which include didactic and methodical area, especially the methodical process of 
learning process and the pedagogical-psychological knowledge and competencies, as well as 
content knowledge.

The data of this study is represented by didactic parameters included in the internal 
template - Analytical instrumentation of student’s self-taught lessons (Polutnik, 2005), which 
represents the component of the material called Diary of continuous teaching practice. For in-
depth student’s self-analysis of their self-taught lessons was used the above mentioned analyti-
cal instrumentation, broken down into the following aspects of the educational process (espe-
cially teaching): (a) didactic characteristics, (b) a methodical course of the learning process, (c) 
pedagogical-psychological characteristics of teachers and students.

Data Analysis
  
The basis of successful teaching of chemistry teachers represents both gaining new as 

well as developing existing competencies either generic or specific for   chemistry subject area. 
So didactic’s analysis of student’s self-analysis records represents a valuable feedback to both 
partners of practical training course of future teachers.

In view of teaching as a core activity of prospective trainee a set of selected methods 
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includes the following four categories of methods and their implementing forms: 
(a) Assessment methods (Table 1: evaluation folder, oral examination; 
(b) Methods of experiential knowledge (Table 2: problem solving, teaching with examples; 
(c) Methods of cooperative learning (Table 3: project work (as experimental work, intervi-project work (as experimental work, intervi-
ewing, project task);
(d) Chemical experimental methods (Table 4: laboratory experimentation, field experimentati-
on) 
Presented tables (1-4) show the results of this analysis which includes a selected method, a 
detailed specification of implementing forms within this method with defined procedural stages 
and corresponding competencies in occurring frequencies (Table 5).  

Results of Research

A Set of Fundamental Methods of Effective Initial Chemistry Teacher Training 

To illustrate the empirical qualitative analysis of expressed competencies concerning 
methods of work which can be in self-analysis of performed self-taught lessons are findings of 
four cases of competencies shown in figures 1-4.

Three-stage descriptive rating scale with labels: unexpressed - partially expressed - ex-
pressed, with each of these assessments descriptively defined, was used. For example, the text 
of competency assessment “partially expressed: “Selected competence is only partially ex-
pressed in self-analysis. Typically, the student performs the analysis of the competency only at 
the level of interpretation or just randomly mentions that he/she tried / used the method / work 
form / teaching tool / cross-curricular link / psychological knowledge ...’’ in self-analysis criti-
cal analysis and the development of the competence cannot be detected. (Lemut, 2013)
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Figure 1: Competence: Competence and management of approaches in the area 
of   testing and assessment of knowledge, student performance, and 
designing feedback.
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Figure 2: Competence: Knowledge and mastery of methods and forms of work, 
especially contemporary methods of teaching, using didactic and me-
thodical knowledge.
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Figure 3: Competence: Positive orientation to new teaching approaches, partic-
ularly forms and methods of teaching, using project work, cooperative 
learning, multi-level instruction.
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Figure 4: Competence: Ability to design target combinations of methods and 
forms of work with the support of learning resources.
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An Analysis of Trainee Teachers' Competences in the Implementation of the 
Set of Fundamental Teaching Methods

Each of the implementing forms defined within a teaching method (a to d) is stage arti-
culated and has defined competencies necessary for successful teacher implementation of these 
stages. Defined competencies are also classified (see notation in brackets), using the above-men-
tioned list of generic and subject-specific competences within the chemistry subject area (see 
Research Focus). The results of rational analysis of working methods in terms of required com-
petencies of chemistry trainee teachers are presented in Tables 1-5. Legend codes in brackets: 
competence area (GC, CC) and serial number of competence (GC (1-14), CC (1-13)).

Table 1. Competencies of chemistry student trainee teacher required for the 
implementation of selected methods of evaluation work.

(a1) Using the evaluation folder
The introduction of an individualized approach to the process of teaching, learning and assessment

(1) Knowledge of working with different groups of pupils / students. (GC 6) 
(2) Knowledge of the psychological characteristics of pupils/ students. (GC 11) 
(3) Promoting active learning of pupils / students. (GC 9) 
(4) Motivating pupils / students to learn. (GC 5) 
(5) Teaching on higher mental levels, including understanding, research and problem solving. 
(GC 5; CC 11) 
(6) Effective planning, organization and performing learning activities. (GC 11) 
(7) Encouraging self-reflection and self-evaluation skills of pupils / students. (GC 9) 
(8) Giving feedback to pupils / students of the acquired knowledge and training to advise on the planning of pupils’ / 
students’ progress. (GC 3)

Encouraging evaluation, professional self-reflection and critical thinking
(1) Planning, monitoring, evaluation and control of own professional knowledge during continuous TP. (GC 3) 
(2) Motivation for continuing professional development and professional collaboration by getting to know yourself and 
disseminating professional knowledge to help students to raise awareness and differentiated professional interests. 
(GC 9)
(a2) Use of the oral examination: Generic competencies (GC), Chemistry subject competence (shortly CC)
 Design of examination tasks
 (1) The composition of differentiated tasks. (GC 6) 
(2) Construction of tasks that develop logical thinking. (GC 9)
Evaluation of results
(1) Getting used to objective assessment and giving pupils / students feedback on the assessment. (GC 3) 
(2) Active participation with pupils / students. (GC 13)

  
Table 2. Competencies of chemistry student trainee teacher required for the 

implementation of selected methods of experiential learning.

(b1) The use of problem solving method:  Generic competencies (GC), Chemistry subject competence (shortly CC)

The introduction of interdisciplinary integration of content and thus getting used to the approach of the overall problem 
solving
(1) Ability of interdisciplinary teamwork. (GC10) 
(2) Developing good relationships with pupils / students & other employees. (GC 13) 
(3) Training for collaborative problem-solving and teamwork. (GC 5.10) 
(4) Training for individualization and differentiation of instruction. (GC6.11) 
(5) Encouraging pupils / students for logical reasoning and evaluation of solutions. (GC 5)
Introducing actualization of content
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(1) A critical assessment of developments in the field of natural sciences and application knowledge to meet the 
vocational and daily living needs. (GC 5) 
(2) General knowledge, ability to communicate with experts from other professional and scientific fields. (GC12)
Interpretation, integration and evaluation of information and data
 (1) Developing autonomy in professional work. (GC 10) 
(2) The use of ICT in education. (GC 2, CC9) 
(3) The ability of independent search of information. (CC2) 
(4) Demonstrating initiative, ambition, continuous evaluation of personal advancement and professional training. (GC 9)
  Understanding and solving quantitative and qualitative problems
(1) Use of natural and mathematical thinking for qualitative problem solving in nature, environment and society. (GC 3) 
(2) Encouraging pupils / students to solve basic problems in chemistry by using scientific methods. (GC 2; CC1) 
(3) Organize an active and independent pupils’/ students’ learning and training for effective learning. (GC 5; CC 1) 
(4) The ability of analytical and synthetic thinking and understanding of the basic concepts of chemistry. (GC 4) 
(5) Deductive derivation of new logic conclusions from the available data. (GC3, CC 10)
Checking the knowledge and performance of students and the design of feedback
 (1) Demonstration of communication skills and giving feedback to pupils / students. (GC 12, GC 13) 
(2) Ability to create a positive learning climate and motivate pupils / students to participate. (GC13) 
(3) Ability to intense activation of prior knowledge of pupils / students. (GC 1)
Evaluation of solutions
(1) The ability to restructure knowledge mastered by the pupils / students by using the method of problem solving. (GC 
9) 
(2) Ability to promote interest in and need for further lessons learned (contextual learning). (GC 5)
(b2) The use of learning methods with examples: Generic competencies (GC), Chemical competencies (shortly 
CC)
Developing responsibility of pupils / students for their own lifelong learning
(1) The ability of planning tasks and choosing examples which require critical thinking of pupils / students.(GC 3,9) 
(2) Asking questions which answers requires pupils / students to reflect upon their own knowledge. (GC 3) 
(3) Encouraging pupils / students for researching, thinking about what they have learned. (GC3)
Solving basic professional problems by finding sources of knowledge and application of scientific methods
(1) Use of natural and mathematical thinking for qualitative problem solving in nature, environment and society. (GC 7, 
9) 
(2) Encouraging pupils / students to search for information from a variety of sources (books, including foreign litera-
ture, experts, internet, ...) (GC 1, CC 9) 
(3) The use of scientific methods in their own work, and encouraging pupils / students to use them. (GC 9) 
(4) Promotion of curiosity, activity and thinking in pupils / students. (CC 11)
Ability of oral and written communication and teamwork
(1) Encouraging pupils / students to report on what they have learned and discovered and the evaluation of their 
competencies.(GC 12, CC 3) 
(2) Ability to check the knowledge and achievements of pupils / students and design feedback.(GC 12, 13)

Table 3. Competencies of chemistry student trainee teacher required for the 
implementation of selected methods of cooperative learning.

(c) The use of project work method: Generic competencies (GC), Chemistry subject competence (shortly CC)
Developing social skills of pupils / students
(1) Encouraging pupils / students for mutual cooperation, negotiation and consideration of different opinions and 
ideas. (GK 13) 
(2) Coordination of conflicts among pupils  incurred during the implementation of learning activities.    (GK 13)
Introduction of pupils / students to active work
(1) Promote active and independent learning that enables pupils / students to plan objectives and activities to achieve 
the planned objectives, monitor, evaluate and regulate their own learning. (GC 10, 13) 
(2) Using a variety of approaches to maintain the motivation of pupils / students. (GC 11)
Enabling the differentiation of instruction
(1) Knowledge and application of methods for working with different groups of children. (GC 6) 
(2) Consideration of interests and needs of the pupils / students. (GC 8)
Encouraging cooperation between pupils / students, teachers and other employees
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(1) Management of leadership and organizational skills in educational work. (GC 11) 
(2) The ability of collaborative problem solving and team work (GC 5, 11) 
(3) Taking active steps to encourage the learning of pupils / students. (GC 6) 
(4) Developing good relationships with pupils / students and other employees. (GC 13) 
(5) Ability of interdisciplinary teamwork. (GC 10)

Table 4. Competencies of chemistry student trainee teacher required for the 
implementation of selected methods of experimental learning.

(e) The use of the method of experimental work: Generic competencies (GC), Chemistry subject competence 
(shortly CC)

Interpretation and integration of experimental data with the theory, and vice versa

(1) Connecting macroscopic perceptions with interpretation on submicroscopic level and with records on a symbolic 
level. (CC 7) 
(2) Developing visualization skills of pupils for the presentation and understanding of the substance. (CC 12)

Safe experimentation and mastery of the basic measurement methods

(1) Ability to organize and conduct experimental work. (GC 11) 
(2) Knowledge of safe experimentation. (GC 14, CC 6) 
(3) The assessment of the use of chemicals and knowledge of safe handling of substances. (GC 14, CC 6, 8)

Mathematical competence

(1) Proficiency in mathematical problem-solving skills and developing them in pupils / students, evaluation of esti-
mates of the order of units and the results. (GC 7, CC 13) 
(2) Evaluation, interpretation, integration of information and experimental data. (GC 3, CC 3)

Connecting science and society, knowledge of environmental issues

 (1) Understanding of environmental issues and developing these awareness among pupils and students  and search 
/ intervention of measures to prevent and reduce pollution. (GC 14; CC8)

Table 5. Summary of competencies of chemistry student trainee teacher re-
quired for the implementation of evaluation work, experiential, coop-
erative and experimental learning. 

Legend:
Frequency of competence is written with a number or dash (unexpressed): upper level (generic 

competences GC 1-14) and lower level (chemical competence 1-13) within each line.

Generic Compe-
tencies 1-14

Chemical Compe-
tencies 1-13
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1
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2
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-

-
-

-
-

-
-

2
-

-
-

-
-

1
-

-

Introducing 
actualization of 
content

-
-

-
-

-
-

-
-

1
-

-
-

-
-

-
-

-
-

-
-

-
-

1
-

-
-

-

Generic Compe-
tencies 1-14

Chemical Compe-
tencies 1-13

GC1
CC
1

GC
2
CC
2

GC
3
CC
3

GC
4
CC
4

GC
5
CC
5

GC
6
CC
6

GC
7
CC
7

GC
8
CC
8

GC
9
CC
9

GC
10
CC
10

GC
11
CC
11

GC
12
CC
12

GC
13
CC
13

GC
14

IMPLEMENTING AN EXPERIENTAL LEARNING 
Interpretation, 
integration and 
evaluation of 
information and 
data

-
-

2
-

-
-

-
-

-
-

-
-

-
-

-
-

1
-

1
-

-
-

-
-

-
-

-
-

Understanding 
and solving 
quantitative 
and qualitative 
problems

-
2

1
-

2
-

1
-

1
-

-
-

-
-

-
-

-
-

-
1

-
-

-
-

-
-

-
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Checking the 
knowledge and 
performance of 
students and 
the design of 
feedback

1
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

1
-

2
-

-

Evaluation of 
solutions

-
-

-
-

-
-

-
-

1
-

-
-

-
-

-
-

1
-

-
-

-
-

-
-

-
-

-

(b2) The use of 
learning methods 
with examples

1
-

-
-

3
1

-
-

-
-

-
-

1
-

-
-

3
1

-
-

-
1

2
-

1
-

-

Developing 
responsibility of 
pupils / students 
for their own 
lifelong learning

-
-

-
-

3
-

-
-

-
-

-
-

-
-

-
-

1
-

-
-

-
-

-
-

-
-

-

Solving basic 
professional 
problems by 
finding sources of 
knowledge and 
application of 
scientific methods

1
-

-
-

-
-

-
-

-
-

-
-

1
-

-
-

2
-

-
-

-
-

-
-

-
-

-

Ability of oral and 
written com-
munication and 
teamwork

-
-

-
-

-
1

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

2
-

1
-

-

                                                                       
Σ GCb1+b2  
                                                                       
Σ CCb1+b2

2
2

3
-

5
1

1
-

5
-

1
-

1
-

-
-

5
2

4
1

1
1

4
-

4
-

-

IMPLEMENTING COOPERATIVE LEARNING
 (c) The use of 
project work 
method                    
                                                                                  
Σ GCc
                                                                                  
Σ CCc

-
-

-
-

-
-

-
-

1
-

2
-

-
-

1
-

-
-

2
-

3
-

-
-

4
-

-

Developing social 
skills of pupils / 
students

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

2
-

-

Introduction of 
pupils / students 
to active work

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

1
-

1
-

-
-

1
-

-

Enabling the 
differentiation of 
instruction

-
-

-
-

-
-

-
-

-
-

1
-

-
-

1
-

-
-

-
-

-
-

-
-

-
-

-
-

Generic Compe-
tencies 1-14

Chemical Compe-
tencies 1-13

GC1
CC
1

GC
2
CC
2

GC
3
CC
3

GC
4
CC
4

GC
5
CC
5

GC
6
CC
6

GC
7
CC
7

GC
8
CC
8

GC
9
CC
9

GC
10
CC
10

GC
11
CC
11

GC
12
CC
12

GC
13
CC
13

GC
14
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IMPLEMENTING  EXPERIMENTAL WORK
(d) The use of 
the method of 
experimental 
work 
                                                                                 
Σ GCd
                                                                                 
Σ  CCd

-
-

-
-

1
1

-
-

-
-

-
2

1
1

-
2

-
-

-
-

1
-

-
1

-
1

3

Interpretation 
and integration of 
experimental data 
with the theory, 
and vice versa

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
-

-
-

-
-

-
1

-
-

-

Safe experi-
mentation and 
mastery of the 
basic measure-
ment methods

-
-

-
-

-
-

-
-

-
-

-
2

-
-

-
1

-
-

-
-

1
-

-
-

-
-

2

Mathematical 
competence

-
-

-
-

1
1

-
-

-
-

-
-

1
-

-
-

-
-

-
-

-
-

-
-

-
1

-

Connecting 
science and so-
ciety, knowledge 
of environmental 
issues

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
1

-
-

-
-

-
-

-
-

-
-

1

Discussion 

In the didactic and methodical analysis of the taught lessons at the time of continuous TP 
prospective chemistry trainee teachers did not develop competencies in the field of assessment 
and evaluation of pupils’/students’ knowledge and feedback (Figure 1). From the repertoire of 
methods, suitable for the needs of teachers’ assessment-evaluation work, a rational analysis of 
the competencies necessary for the effective use of assessment folders and oral examination was 
carried out. Almost half of the generic competencies (Table 1) are recognizably represented and 
have the highest frequency (table 5) of GC 9 (concern for quality) and GC 3 (Interpretation), 
with equal representation of the following competencies GC 5 (Learning and problem solving), 
GC 6 (Transferring theory into practice) and GC 13 (interpersonal interaction). The majority 
representation of competence »Concern for quality« convincingly confirms the validity of as-
sessment and evaluation as essential components of the macrodidactic learning process.

Regarding the pedagogical nature of this activity non- identification of chemistry su-
bject competencies is completely understandable, because the effective implementation of the-
se requires priority mastery of didactic and psychological aspects of the learning process, but 
there is a compelling interest identified in CC 13, which complements the present convincing 
GC 5 competence.

Incompetency in the selection and implementation of new teaching approaches is also 
expressed in a high percentage in particular the methods and forms of work using project work, 
cooperative learning and multi-level instruction (Figure 3). Even competence-dissection of pro-
ject work (as shown in Table 3) covers nearly half of the list of generic competencies, where GC 
11 (organizing and planning of work) and GC 13 (interpersonal interaction) stand out. With the 
same frequency (Table 5) appear above mentioned GC 5,6 and GC 10 (independent and team 
work). For the same reason as above, even with this method chemistry subject competencies 
are not visible.
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Within the didactic and methodological areas students often recognize the competence 
in the field of knowledge management and the methods and forms of work (especially contem-
porary) (Figure 2). A rational analysis of two innovative learning methods, namely problem 
solving and case learning points to a wide range of both generic as well as chemistry subject 
competencies presented in Table 2. When working with problem solving method it is possible 
to implement the entire list of generic competencies, only GC 14 (Provision of safety at work) 
is not explicitly defined. Of course the glaring competence of this method is represented by GC 
5 (Learning and problem solving), while GC 2 (literature analysis and organization of informa-
tion), GC 10 (Individual and team work) are more frequent. The frequency (Table 5) of compe-
tencies GC 3 (Interpretation), GC 9 (concern for quality), GC 12 (Verbal and written commu-
nication) and GC 13 (interpersonal interaction) should not remain ignored. These competencies 
cover all three areas of personal development - cognitive, conative, and psychomotor.

This method is more open to the realization of chemistry subject competencies, namely 
CC 5 (Interpretation of laboratory data observation and measurement of their importance and 
linking them with related theories), CC 7 (Proficiency in IT skills of online available informa-
tion from primary and secondary data sources) and CC 10 (Demonstration (use of knowledge 
and understanding of the essential chemical facts, concepts, principles and theories in solving 
of (un)known qualitative and quantitative problems).

The method of learning with examples specifically demonstrates the more frequent re-
alization of competencies GC 3 (Interpretation), GC 9 (concern for quality) and GC 12 (Ver-
bal and written communication). However, two chemistry subject competencies, namely CC 4 
(Evaluation, interpretation and synthesis of chemical information / data) and CC 7 (Proficiency 
in IT skills, including getting online available information from primary and secondary sources) 
can also be recognized (Table 5).

Despite the analytical tools which point to the implementation of target combinations 
of methods and forms of work with the support of learning resources, it is evident from the 
analysis of self-analyses that this competence remains unexpressed in half of the students (Fi-
gure 4). What priority is experiential learning in the field of chemistry education is represented 
by competence qualifications as shown in Table 4, where the most frequently (Table 5) occur-
ring chemistry subject competencies are: CC 9 (acquaintance of safe handling of substances 
and carrying out laboratory procedures with the capability of assessing risk factors by using 
them) and CC 11 (Understanding environmental issues, assessment of risk factors using chemi-
cals and implementation of laboratory procedures, as well as measures to prevent and reduce 
pollution). Of course there are also the following individually identifiable chemistry subject 
competencies: CC 2 (Linking macroscopic perceptions of explanation on a microscopic level 
and the records on a symbolic level), CC 3 (Knowledge of the structural properties of chemical 
elements and their compounds and stoichiometry), CC 4 (Evaluation, interpretation and che-
mical synthesis of information / data, CC 5 (Interpretation of laboratory data observation and 
measurement of their importance and integrating them with related theories), CC 6 (Proficiency 
in digital (including numerical, arithmetic) skills and error analysis and Internet communication 
for the purpose of operating the chemical information and data) and CC 13 (Planning, prepara-
tion and execution phases of applied research identifying problems through the acquisition and 
integration of information and data (from primary and secondary sources) to the evaluation of 
the results and conclusions using appropriate techniques and procedures work).

At a prime representation of chemistry subject competencies, the implementation of 
experimental work is associated with the implementation of selected generic competencies, 
with most frequented (Table 5) GC 14 (Ensuring Safety at Work), individually as well GC 1 
(Collection of information), GC 3 (Interpretation), GC 7 (Using mathematical ideas and tech-
niques) and GC 11 (Organizing and planning work).
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Conclusions

Incompetency in didactic-methodical field expressed in: assessment, grading, selection 
and implementation of new teaching approaches (methods and forms of work using project 
work, cooperative learning and multi-level instruction), assessment and evaluation of knowled-
ge established from prospective chemistry trainee teachers' self-analyses can be reduced by 
consistently using active methods of teaching and learning.

From the results of rational analysis of competencies acquired by using selected tea-
ching methods (which was conducted by the authors), it is evident that the proposed methods 
cover a full range of generic competencies to a greater or lesser extent, individually also some 
chemistry subject competencies. Therefore, implementing a training program of prospective 
chemistry trainee teachers should be based on a consistent application of the proposed methods 
of teaching and learning. 

It is well known that trainee teachers have a level of modelling competence (generic and 
chemistry subject–specific) that is lower than needed; therefore, the suggestions about model-
ling competences (Lopez, Costa, 2007) could certainly be applied with some modification to 
the use of contemporary teaching and learning methods. The implementation of continuous TP 
provides an opportunity for both the acquisition and development of these competences:  these 
are essential for using, understanding, and learning in a science such as Chemistry (for learners) 
and for active implementation according to teachers’ needs (for trainee Chemistry teachers). 
It is obvious that contemporary methods must be present in the everyday teaching practice of 
trainee Chemistry. Undeniably,  the methods that they use have a significant impact on learning 
style and, consequently,on the development of more diverse competences in their pupils.
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