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Introduction

Dynamics of instructive processes determine the permanent development of concepts in the
ways they actually happen. Theoretical and practical approaches in training phenomena, due to their
complexity, would comprise a large scale of perspectives through which they may be analyzed.

Educational politics today are more and more oriented towards a pedagogy which expects the
student to be directly involved in learning. This kind of pedagogy which is situating the student right
in the middle of its preoccupations is an active and interactive pedagogy urging those who try to learn
to discover the new elements. Experimenting the pedagogical strategies, inspired by the interaction
and constructivist approaches concerning knowledge, is focusing on the students’ personal
construction of knowledge. Permissiveness of interactive pedagogy is facilitating actions focused
around the students’ individual activities by which they acquire basic skills and develop their
competences.

Solving of actual problems in everyday life, regardless of their complexity, involves appealing
to knowledge, to skills and competences that may not be delimitated within only one single subject or
another. This aspect is enabling us to approach this question, advanced for research, from the
perspectives of the curricular area of “Mathematics and Sciences”. Competences which proved to be
vital for solving everyday situations are the ones connected to understanding and utilization of specific
notions and concepts, as well as the ones linked to the capacities of exploration/investigation of
realities and the solving of problems.

Therefore this study conceived as a doctoral dissertation entitled “Interactive teaching and
learning in primary schools. Applications in the curricular area of Mathematics and Sciences” is
analyzing in detail the significant aspects, specific for interactive teaching and learning, from the
perspective of improving school performances in primary schools. Our intention is to obtain results
ensuring the interface between the recent theory of interactive instruction and educational practices
targeting the development of interactive strategies, a practice still situated on a quite modest level in
our country.

Scientific undertaking in this respect is following the tendencies of developments in didactics
during the last decades. The interest shown in the field by researchers, along this period of time,
concerning activating strategies and participation has been determinant in delineation of a complex
register of conceptual approaches in interactive instruction. Therefore we shall analyze some of these
concepts, relevant for our research, stressing the involvement of connected concepts, aiming at a more
clear understanding of the interactive teaching-learning phenomenon.

Approaching didactic methodology, as a main factor sustaining al types of instructive-educative
types of activities, is stressing the importance of the quality of all didactic strategies contributing to the
increase of schooling performances. Following the insight into the literature of the instructive
phenomenon, we may say that didactic methods lay at the basis of optimizing any didactic
undertaking. In connection with this we have delimitated two fundamental methods, “problem
solving” and “learning by discovery”, according to the literature, taken into account here as being
significant for an interactive approach of the teaching-learning process. From the perspectives of
valorizing the interactive potential of the two methods, we hereby do approach other methods,
techniques and didactic procedures as well.

Streamlining interactive didactic strategies may not be accomplished without an adequate
adaptation to the actual learning activities. Correlating the strategies with factors detaining an
important role in any didactic undertaking constitutes a necessity that may not be neglected. In this
respect we have identified and described several of them, here considered to be relevant for optimizing

5



the teaching-learning process. Planning of didactic activities, forms of organizing such activities, their
informational support, the curricular products are elements envisaged, analyzed and aimed at
highlighting their influence in the didactic acts.

Investigations initiated have found and developed aspects mainly from the didactic perspective,
in the sense of identifying several landmarks concerning the possibilities of increasing learning
performances in mathematics and sciences by students of primary school level.

Taking the steps aiming at developing and implementing of models of didactic activities,
starting from a pedagogical approach of interactive training strategies have the role of helping students
to improve their learning efforts in a more consistent way.

In order to achieve an essay based on a consistent and coherent structure we organized the
material in two parts. The first part would deal with theoretical substantiation, and in the second part
our experimental trial is presented. Each part would contain several chapters in which we tried to
verify an established assumption and consequently enounce the relevant information in a pragmatic
and logical approach.

In addition to these, the Conclusion has the role of synthesizing the main theoretical and
practical directions identified, while the annexes and the bibliography represent the proof of the
accomplished introspection.

The first part entitled Theoretical Foundation, contains four distinct chapters which present
several fundamental theoretical landmarks in order to understand interactive teaching-learning
problems, by explaining specific special terminology, intercepting several models developed to sustain
interactive training. In this context we have considered as being advisable to mark several specific
components of instruction at the primary level.

The second part contains the Experimental Undertaking and is made up of two chapters that
describe the stages of the experimental undertaking envisaged to validate the established assumption.

In Chapter |, entitled Theoretical landmarks concerning interactive instruction we have
described several representative models, advanced by interactive pedagogy, as well as psychological
theories that sustain interactive instruction.

Approaching the educational models advanced by interactive pedagogy has been made from two
perspectives:

1. The perspective of reconsidering the status of elements within the pedagogical triangle.

The student is looked at in terms of his/her potential and capacity of learning, of being active and of
becoming autonomous. Knowledge is looked at in terms of support and pretext in building up and
developing of new acquisitions by the students themselves. The teacher has the role of organizing
learning situations, imagined as pretexts for instauration of interactions and dynamic relations between
the student and the content of learning (Bocos, M., 2002).

2. The perspective of the opportunity of analysis and reformation of the nature and contents of
learning experiences, of the teacher-student, teacher-teacher, student-student relations, as well as the
necessary connections between the school, education and real life experiences. The fundamental aim
of these educational models is to optimize a tridimensional integration: “pedagogical action —
interpersonal relations and real life” (Chis, V. 2005, p.17). Interactive learning has three main types of
interactions. The first one is student-content, in which the student interacts with facts, readings and
information. The second type of interaction is student-teacher, where the student interacts mainly with
his/her teacher. While in the third one, in a student-student format, the students collaborate with each
other in order to construct knowledge.

Cognitive and constructivist theories are considered to be fundamental in interactive instruction
development. The process of instruction is achieved in the best way when the learning experiences are
created starting from the students’ needs and expectations rather than from being exposed to
information and later being evaluated, the teacher considering the amounts that his/her students must
assimilate. As students reflect more and more on their own experiences they would discover that their
ideas are gaining influence and complexity and they are able to develop more and more powerful
abilities in integrating the new information. One of the most important roles of the teacher becomes
encouraging his/her students passing through this process of learning and reflection.

The second chapter, entitled Methodology of interactive teaching-learning, is dedicated to
developing the theoretical aspects concerning interactive didactic strategies, which from a pedagogical
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point of view are granting didactic methodology the value of a systemic and praxeological theory,
which is able, at the level of the teaching-learning-evaluating to engage into a set of techniques meant
to streamline the actions of instruction.

The importance of methodology in the process of instruction as a concept is significant in
emphasizing the following theoretical and practical contributions:

a) Orienting of the complex action of technological management of instruction by means of
methods, procedures and didactic means, permanently related to the objectives of the
teaching-learning-evaluating activities;

b) Continuous improvement of didactic activity planning by adopting the most efficient methods,
under the conditions of permanent changes appearing at the level of the correlations subject-
object, teacher-student;

c) The operational development of all resources engaged into didactic activities.

The priority of interactive teaching strategies is convincingly demonstrated by means of recent
research which shows us that when the student is in the situation of actively participating to the
teaching-learning process, school performances become evident.

In the same time, we have considered to be advisable to highlight, in this chapter, the
methodological orientations, the relatively new ones, advanced by contemporary pedagogy, of
sustaining methods that contain large resources in putting students in action, in successfully achieving
a primarily positive-formative instruction.

In this context, problem solving and learning through discovery, are the (inter)active appanage
of education which mainly contributes to transforming the instructive-educational process from a
passive reception of knowledge into an act of permanent search, of probing already accumulated
knowledge, in order to be able to formulate an answer to a certain requirement.

Accumulated pedagogical experience in different subjects distinguishes two important aspects
concerning the implementation of problem solving in teaching:

1. Diversified pedagogical ways in capitalization of problem solving. This aspect is
determined by the variety of types of problems and problem-situations, as well as the
various methodical possibilities of combining problem solving with all the other didactic
methods.

2. The possibility and necessity of adapting problem-situations and problems to the specific

features of subjects and educational contexts.

Teaching of various subjects is strongly influenced by the tendencies to appeal to experiences of
discovering new knowledge, which the students later will incorporate into their cognitive structures.
The teacher is not presenting the contents that must be acquired by students in a final form, it is the
students who must discover this content through their effective intellectual engagement. Such an
approach in the status of discovery during the training, in which the definition of learning through
discovery is in opposition with learning by reception is to be found in D. Ausubel and FI. Robinson
(1981).

Starting from two circumstances, one being that problem solving and discovery are components
of the same heuristic undertaking: problem solving considered to be as a starting point and discovery
the point of finish; the other circumstance takes into account the cyclic training process, by means of
which construction of new knowledge is ensured based on what has been acquired previously, we may
say that the relation between problem solving and discovery is an inductive relation, which means that
an unfolding learning activity through problem solving being performed induces/generates discovery
of new knowledge, which open new perspectives of cognition, new questions arise, new problems or
problem-situations, which means that unfolding of discovery induces/generates problem solving. This
inductive process by which problem solving and discovery are mutually “generated” may ensure an
ascendant course to learning, noticeable through the evolution of capacities and attitudes acquired by
students. We consider that the efficiency of this mechanism concerning the students’ performances
under different aspects is achievable if didactic activities are subordinated to an interactive training
system.

Chapter three, Specific nature of training processes in primary education, is intentioned to
have an insight into several aspects of organizing didactic activities, as well as the curriculum of
primary education.

7



Organizing didactic activities is aimed at improving the teacher-student relations, which during
different periods of time have developed in accordance with improvements recorded in pedagogical
thinking and in school institutions.

Ever since founding the system of organizing didactic activity in classes and lessons by
Comenius (1975), developments until nowadays have been engaged into numerous advanced
experiments within the paradigm of specific research in traditional, modern and post-modern
pedagogy. This is how we can explain the continuous enrichment of organizing forms of didactic
processes, which are still subjected to a multitude of attempts even in the present times. (lonescu M.,
Radu 1., coord., 2004).

The taxonomy of forms of organizing didactic activities infers inducing specific criteria, with
relevant pedagogical values.

Such criteria envisage:

1. ratio of frontal, group and individual action within the structure of didactic activity
organization;

2. ratio of communicating, research, experimenting and application methods engaged in didactic
activities;

3. ratio of in-school and out-of-school resources involved in achieving didactic activities.

These three aspects of the forms of organizing / structuring instruction will never be found in a
pure state, they will be set by dominance, by extension which they may gain in a certain moment.

The problems of curriculum in primary education, as treated in this chapter, are especially
appealing to the curricular products. Our analysis in which the frame planning offers a solution in
improving a time budget, for mathematics and sciences, is based on the expressed opinions of 93
teachers who work in primary education.
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Diagram 1. Degree of optimizing the relation time budget — school syllabus

The great majority of teachers consider that the number of classes assigned by the timetables for
these subjects is more than sufficient.

The situation presented about the correlation between the frame planning and syllabus is leading
us towards challenges that may be synthesized into questions like: Why does a percentage situated
between 10% (for sciences) and 17% (for mathematics) allow / or doesn’t allow to cover the syllabus
within the assigned limit of time ?; Which are the proceedings ?; How much do the degree of
professional training and experience weigh in optimizing the relation between the time budget and the
school syllabus ?; Wow does the minimal / maximal number of periods provided in the timetable
influence covering of school syllabus in a bearable rhythm for the students ?, etc.



The frame planning in primary education allows introduction of optional subjects. Each school
would decide its curriculum thus facilitating modernization of its didactic activity by conceiving
themes, modules and trans-disciplinary projects. Their contents are built by the teachers of each class
depending on the particularities of his/her group of students.
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Diagram 2. Analysis of CDS types used in the subjects Mathematics and Sciences

The comparative analysis of the types of CDS used in primary education for mathematics and

sciences reveals that the priority lays in extending the objectives and the contents (almost half, 47.31%
of those who use the maximal number of available periods within the frame planning); one third
(34.41%) would consider the CDS as being useful for diversification of learning activities aimed at
reaching the objectives provided by the syllabus. This shows us that there are a sufficient number of
students who need supplementary support to reach the minimal level of objectives. In Sciences we can
see a better positioning on the percentage scale of time allocation concerning optional CDS (45.16%),
in comparison with the extension (31.18%), respectively with thoroughness (23.66%). Using up a
significant number of periods provided in the frame planning for the subject of Sciences in the
optional type CDS indicates the presence of readiness and higher interest of the teaching staff in
approaching contents in inter and trans-disciplinary ways, a readiness to approach an integrated
curriculum in this field.
Chapter four, Findings related to optimization of didactic undertaking in primary education,
presents several components of the teaching process, namely, the material and informational resources,
instructive actions, didactic methods and means, which in our opinion integrate as factors of
optimization in didactic activities, especially in the subjects of Mathematics and Sciences. Knowing
these factors will help teachers in their role of urging students to use new ways in their work, more
inciting, which will be the basis of their efforts, in order to acquire durable cognitive gains, achieved
by lower energy consumption and better accomplishment.

Our findings based on the analysis of primary school teachers’ opinions are revealing an
increasingly positive attitude towards efficiency in the teaching process.

Organizing and performing some efficient didactic activities may depend on didactic design.
Anticipation and implementation of operational didactic undertaking are influenced by the importance
granted to didactic activities previous to designing, to diagnostic evaluation, to identification of
aspects contributing to learning success, to the students’ psychological potential, resources, to
suggestions of learning activities within the school syllabus.

The instrumental value of contents is recognized by teachers, and exploitation and capitalization
of informative and formative valences of contents are actually starting points in interactive training.



Adequately using the methods has a considerable contribution in didactic activity efficiency.
“Any method may have a formative potential and a specific intrinsic activating potential” (Bocos, M.,
2002, page 79), which may be exploited, capitalized and turned into interactive valences.

Teaching-learning is a process with a complexity built on concerted actions of several broadly
diverse components with various characteristics or features. This is not a short term process, it takes
time, it takes conveying knowledge, building up and developing abilities, aptitudes, capacities,
competences. Modifying positively these variables, in the way in which knowledge may be applied in
practice, is favorably influenced by a frequent use of interactive methods in didactic activity.

Understanding involved mechanisms in training processes helps teachers in a better
management of the process by developing the abilities of a more balanced distribution of learning
targets for the students, taking into account the student’s present level of development, the student’s
individual and age particularities, the type of material to be newly introduced or the objectives
suggested in the respective activity. Building up an instructive-educative undertaking efficiently,
relevant for the growing of quality in acquiring knowledge and development is strongly imprinted into
the ways in which the informative aspect - specific for learning - is combined with the formative one.

The second part of our essay, “Experimental undertaking”, in which we detail the steps of
experimental undertaking contains two chapters.

Chapter V, entitled “General coordinates of research”, is presenting the conceptual and
methodological foundations of research, the theoretical circumstances of research, the goal, objectives
and hypothesis of research, details concerning subject and content samples contained in our research.

The experimental research led in order to optimize didactic undertaking in primary education
envisages two correlated components:

A practical-applicative component in our research was done on a sample of 93 teaching staff
employed in primary education and a sample of 208 students. The fundamental goal in this component
was a fact-finding mission, to lead us to an easier and more efficient selection of samples of subjects
and contents. This is actually the fact-finding stage of the pedagogical research which connects
theoretical founding to action within the research.

Action-research envisages efficiency in interactive strategies of training by means of
experimenting several didactic undertaking in primary education, systematically using learning by
discovery and problem solving. Unfolding of our research was guided by a series of systematic
findings resulted in micro-research and in capitalizing accumulated experience throughout a thirty year
didactic career.

Optimizing instructive and educative processes, improving school performances depend mainly
on the used methods. Using didactic methods on a larger scale, following the criterion of opportunity
and adaptation of learning situations will take us to efficient solutions in learning activities and to
implicit better student performance.

Know-how and using a diversity of didactic methods, as important instruments at the teachers’
hands, correlation of these facts with the students’ particularities, as well as with the objectives aimed
at, will contribute to efficiency in the instructive-educative process, will facilitate a permanent
engagement of students in their sustained intellectual effort and their endowment with necessary
capacities in a productive learning activity. The students are not looked at through their deficiencies
and failures, but rather through the perspectives of their potentials, their capacity to build up new
knowledge, to learn, to become independent. Fitting didactic strategies to concrete instructive
processes will require certain conditions contained by the teachers’ professional skills, the national
curriculum by information ant temporal resources.

Romania’s position according to international evaluations, among the countries of low
performances recorded by its students, with most decreasing tendencies in performances obtained by
our students in pre-university education, discloses a reality in Romanian education, with a lot of weak
points which need improvement. Measures to be taken are depending on national education policies,
on implementing a flexible curriculum centered on competences necessary in personal development.
On the other hand, but not least important, changes are necessary in the teachers’ professional
attitudes, by means of further improvement in initial and later trainings. Teachers should prove their
professional competences in applying the new trends of contemporary pedagogy, practicing an
efficient instruction.
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One certain situation, which deserves attention, is the fact that once the students gradually pass
through the curricular cycles, their motivation and interest concerning the fundamental subjects like
mathematics and sciences are more and more reduced. The reasons are multiple and we will not
expose them now, however we do find that an efficient capitalization motivating valences and
interactive methods will take to new developments in learning appetite and will be able to improve
durability of acquired knowledge through a more active implication and the students’ own intellectual
effort. Getting students in a situation of looking for and finding solutions to different problems in
everyday life will surely contribute to their success in school.

Starting from the above-presented circumstances, we have done our research which meets the
requirements of experimental researches, practical-applicative, of development with a prospective
value, in the category of action-research. We do consider that using a two stage design, quantitative
research preceding the qualitative one, will be more efficient.

Pedagogical research in its undertaking would appeal to a methodological system in which we
would find: the pedagogical experiment, the method of direct talk, the questionnaire inquest, the
sociometric test, the study of products resulting from curricular design and the content analysis of
student activity production, direct observation, evaluation testing, statistic analysis.

Unrolling of this experiment has been organically integrated in the process of education,
respectively into the process of teaching-learning in grades 3™ and 4™, observing the official
curriculum.

The main objective of our action-research was to highlight the advantages and limits of
interactive methods in building up and developing proficiency by means of teaching-learning subjects
within the curricular area of “mathematics and sciences” for primary school students.

The pedagogical experiment, subordinated to this goal, envisages two aspects:

1. the efficiency of interactive methods, problem solving and discovery in teaching-learning of
subjects within the curricular area of “mathematics and sciences”;

2. verifying of correlation between the systematic usage of methods linked to problem solving
and discovery and improving the students’ performances.

Operational objectives within the experiment have been achieved in two ways:

1. objectives envisaging teaching staff activities;

2. objectives envisaging students’ activities;

1. Objectives envisaging teaching staff activities.

Teaching staff participating to the experiment should:

e Dbe aware of the role they must detain as organizers of learning situations and of control over
learning;

e encourage the students’ involvement, finding and making up problem-situations, to ask
questions from students and from themselves, urging their will to find solutions of their own;

e organize knowledge “highly structured” in a way in which the students may progressively and
fully go through;

e deliver types and variations of lessons centered on the students’ own activities, preferring
student focused didactic activities;
draft didactic activity plans adapted to the followed goals;
ensure a formative feed-back for further undertakings, if necessary in order to eliminate
failures and difficulties in learning.

2. Objectives envisaging students’ activities:

Students taking part in sample groups should:

e participate in didactic activities not only answering to questions asked by the teacher, but also
to ask questions and make up problem-questions based on observing phenomena, later to be
solved by themselves, and which must lead them to discovering new knowledge (eventually
collaborating with other classmates under the guidance of their teacher);

e discover and recognize simple correspondent successions of things, phenomena or associated
numbers following given rules;

e explore means of making mathematical operations using different types of representation;
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e use instruments and standard and nonstandard units of measurement for different amounts in
various situations;

e observe and name the effects of certain phenomena in nature and use a specific language to
describe objects and phenomena in the environment;

e formulate a proper and efficient intellectual working style, to be adopted in solving
mathematics and sciences problems and eventually use them in other subjects.

In formulating our research hypothesis we have started from our personal observations
corroborated with theoretical aspects concerning the dependence between using interactive
methods and the students’ learning performances.

General hypothesis (GI): Systematic use of interactive methods in teaching-learning of
subjects within the curricular area of “mathematics and sciences” significantly contributes to
improvement of learning performances.

Approaching didactic activities in our experiment was achieved from the perspective of
verifying specific hypotheses to be found in a ratio of derivation with the general hypothesis.

Specific hypotheses:

1. Systematic usage, in didactic activity, of problem solving and discovery methods would
significantly influence building-up of competences in mathematics: the capacity of understanding
and use of specific concepts in the ways in which they correspond to the necessities of individual
life and the capacity of exploring / investigating and solving problems.

2. Systematic usage, in didactic activity, of problem solving and discovery methods would
significantly influence building-up of competences in mathematics: the capacity of understanding
and use of specific terms and concepts in sciences and the capacities of experimenting and
exploring / investigating reality, using specific instruments procedures.

3. Usage of problem solving and learning by discovery, combined in the best way, would
significantly influence efficiency in didactic activity management.

Starting from the statement of the general hypothesis, in the case of our experiment we should
establish the following variables:

Independent variable: planning and performing learning activities which have as a basis
problem solving and learning through discovery; systematic use of problem solving and learning
through discovery in didactic activities;

Dependent variable 1: level schooling results;

Dependent variable 2: attitude towards the school and towards learning.

In the second part of the chapter we present details concerning the samples of subjects and of
contents.

Ascertaining research envisaged the involvement of two categories of subjects, each having a
well defined role. In our research we used groups of primary school students from urban and rural
areas together with their teachers.

Selecting the lot of teaching staff, directly or indirectly involved in the experiment has been
done in two stages. In the first stage two questionnaires were issued for the primary school
teachers, which were distributed to 93 persons. In the second stage we centralized, processed and
analyzed the answers to items contained in those questionnaires. The purpose in doing the selection
of samples was to finally obtain a representation of the reality we have in primary education, in
such a way that didactic activity performed along our experiment be able to follow attaining of
objectives targeted in our research and also to verify the hypothesis of the experiment. Selecting the
teachers was based on the following criteria: readiness to be involved responsibly in the research;
knowledge of types / variations of lessons and frequent organizing of the ones used in interactive
training; practicing an adequate style to suit the age particularities of students; sustaining and
encouraging positive motivation in developing abilities, capacities and competences; an activity
oriented towards achieving learning competences which observe the principles of accessibility,
individualizing and differentiating in the teaching process; knowledge and systematic usage in
learning activities of the “problem solving” and “learning by discovery” methods.

Experimental and control student samples were selected according to the criteria established
during the preliminary ascertaining research, following discussions we had with primary school
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teachers, findings resulting from assistances during classes of mathematics and sciences, the study
of school documents, the analysis and interpretation of the students’ records obtained in written
evaluating tests, the analysis of psycho-pedagogical files made by the teachers for each student.

Structure of subject samples

Sample of subjects
Experimental Control
Number of classes Number of students Number of classes Number of students
4 88 6 120
Classes in all Number of students in all
10 208

Describing the control and experimental samples is structured on the psycho-pedagogical
characteristics of students and envisages three aspects:

1. students’ learning activities at home and at school;

2. cognitive capacities;

3. primary and secondary capacities of processing information.

Selecting a content sample has been done starting from the potentials of these contents to
capitalize interactive valences in didactic methods (mainly problem solving and learning through
discovery), as well as its facility offered in attaining the objectives of gaining new knowledge, in
forming abilities, in forming and developing competences.

The efficient usage of informational support (curricular products used in over 80% of all learning
activities) and optimizing learning activities by which the new acquisitions are built up and developed
are to be achieved by intra- and inter-disciplinary connections, transfers, practical applications, by
preparing the student’s actions in various situational contexts, by inter-human relations.

We do consider that the sample of content is representative for learning mathematics and
sciences in primary school, requiring the organization of various learning activities, stressing more the
problematic contexts which are able to favour the development of capacities involved in the study of
our named disciplines and which should stimulate collaboration, interest and motivation in applying
mathematics and sciences in everyday life.

In chapter VI entitled “The operational dimension of the research” we present the formative
experiment dedicated to the research, in which intervention is being done, implementation of
interactive methods, problem solving and learning through discovery, in didactic activities. Evaluation
of samples is done throughout all the stages by application of tests. In order to have the most clear and
objective overview upon the evolution of the subjects’ school performance, during the experiment we
have proceeded to tests structured on the techniques used in the PISA evaluation program. In this way,
capacities/competences are investigated from the functional perspective of the students’ acquired
knowledge in the fields of mathematics and sciences, essential in everyday life.

By means of such an approach in evaluation we succeeded to obtain a basic profile of the
subjects’ knowledge and skills and to identify tendencies in school performance following the way in
which results change throughout the formative experiment.

The subjects’ evolution regarding their school performance along the experiment has been
determined according to two general competences:

1. The capacity of understanding and using specific concepts in mathematics and sciences, in the
ways in which they correspond to necessities of individual life;
2. The capacity of exploring / investigating and solving problems.

These competences have been formulated in accordance with frame objectives and objectives of

reference included in the school syllabus for primary schools, effective today.
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Results and recorded data in every stage of our experiment have permitted a comparative
quantitative and qualitative analysis of our subjects’ evolution, taking into account the following
criteria:

1. Evolution of each student in each subject:

a. For each general competence

b. From one stage of the experiment to the other

2. Evolution of each sample in each subject:

a. For each general competence

b. From one stage of the experiment to the other

3. The level of attaining the competences by students during the intervention.

The formative experiment was designed in such a way that its unrolling was integrated into the
normal teaching process, observing the school syllabus and the number of hours assigned for each
discipline. We have also taken into account the calendar planning of teaching units done by the
teachers of the respective classes.

Pedagogical experiments are of the collective type, run in the natural context of classes having a
familiar make-up. Samples are independent, made up by entire classes of students, in the way they
normally attend school, thus offering the possibility of using the techniques of equivalent groups.

Didactic activities organized and unrolled with experimental samples have taken 24
hours/periods for mathematics and 20 hours/periods for sciences. Distribution of these activities
according to fundamental objectives is the following: 1. activity for gaining new knowledge, in
mathematics 45.83% and in sciences 40%; 2. for teaching and gaining new knowledge in mathematics
16.66% and in sciences 10%; 3. forming intellectual abilities in mathematics 33.33% of the activities;
4. forming intellectual and practical abilities in sciences 50% of planned activities.

School performances recorded by the students along the formative experiment have been
measured through formative evaluations. Evaluation had in view both the behavior and the attitude of
students towards learning and the formation and development of certain capacities as resulting from
the efficiency of learning by frequently using problem solving and discovery.

Curricular standards have been adapted to the school syllabus for each subject (mathematics and
sciences) according to envisaged competences, as dependent variables in our research.

The comparative qualitative and quantitative analyses are divided into four categories,
determined by the number of classes and disciplines:

1. A comparative analysis of school performance in Mathematics grade IlI;

2. A comparative analysis of school performance in Mathematics grade 1V;

3. A comparative analysis of school performance in Sciences grade IlI;

4. A comparative analysis of school performance in Sciences grade 1V;

In all four categories of analyses we have used the same pairs in comparing tendencies:

a. in control samples;

b. experimental sample from rural area with the one from the rural area

c. control sample with experimental one from rural area;

d. control sample with experimental one from urban area;

The average tendency of growth of school performances, during the experiment was obtained by
comparing the results of pre-tests with the ones from the tests of knowledge T.C.1 and T.C.2.
Tendency of growth in performance recorded in this stage by experimental samples is defined by a
percentage of 17.33% for the urban area and of 13.67% for the rural area, in comparison with the
control samples which had a tendency of growth situated between 5.67% and 8.67%.

The analyses of results in post-tests and their comparison with the other results are relevant for
the evolution of experimental and control samples, having as references the different stages of the
research (pretest, knowledge tests from the experimental stage). This comparative analysis enables us
to establish significant differences between results obtained by the experimental samples and the
control ones. The existence of a considerable gap between the school performances of the
experimental sample compared to the ones of the control samples clearly marks the efficiency of our
used methods and thus confirms our hypothesis.

The analysis of averages per samples, resulting from post-tests and pre-tests, has recorded a
positive evolution of our students in the given interval of time. Values that define characteristic
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evolutions of each sample demonstrate the rapidity of growth in average school performance.
Comparing the evolution of the pair samples we found that performances recorded by experimental
samples, as an average, are 4.54 times bigger than the ones recorded by the control samples.

Interpretation of recorded results followed by our scientific undertaking is based on a set of
analyses:

Intergroup comparative qualitative and quantitative analyses made on pairs of samples measured
in obtained school performances in mathematics;

Intergroup comparative gualitative and quantitative analyses made on pairs of samples measured
in obtained school performances in sciences;

The analysis of the degree of association between the scores of the samples in mathematics and
sciences;

Intergroup qualitative and quantitative analyses for control and experimental samples, by
averages recorded in each competence, between pre-test and re-test and between post-test and re-test;

A quantitative and qualitative analysis of existing relations between school performances
recorded by students taking part in our experiment and the psychological factors influencing learning
activities;

The comparative quantitative and qualitative analysis by pairs of samples made on main
evaluative components of our pedagogical experiment lead us to the following conclusions:

1. In the case of all pairs of control-experimental samples made up according to the three
criteria: subject (mathematics and sciences); grade (grade Il and grade 1V); area (rural and
urban), values taken by t for the differences between obtained averages by subjects are
statistically not significant, in the first two evaluative components, in the pre-test and the
knowledge test. In the stages of post-test and re-test the averages of experimental samples are
significantly higher than the averages of the control samples, a finding that is statistically
validated by the value of t, at a level of significance lower than 0.04. This fact makes us believe
that the hypothesis according to which the difference between averages obtained are determined
by random factors and not by our experimental intervention has a probability of less than 4%.

2. In the case of pairs of samples taken from classes working in the step by step system and the
experimental samples we found that in the first two stages of the experiment, the differences
between averages are statistically significant, (p<0.05), in favour of step by step samples, after
which, during our experimental intervention, differences appear again between the averages, but
this time in favour of experimental samples. This is due to the fact that school performance
dynamics in the experimental sample determines a reduction in difference between averages,
going until it reaches an inflexion point, after which the difference between the averages
intensifies in favour of the experimental sample. Qualitative and quantitative comparison
between the step by step sample and the experimental samples confirms that the ascendant
evolution of school performance in experimental samples is strongly influenced by the
experimental intervention.

3. The horizontal qualitative and quantitative comparison, by means of the t test, between
samples of the same type (experimental and control), does not result in significant differences,
between averages, statistically validated, which means that differences are influenced by
random factors, so they are not due to experimental intervention, leading to an approximate
parallelism for the evolution of school performance at samples of the same type.

Following our experiment and the interpretation of data obtained in the stages of pre-testing,
post-testing and come-back, and established objectives, at the end of our complex enterprise , we may
formulate several statements as conclusions. These will be presented in groups, according to their
degree of generality, respectively taking into account the social category involved in the educational
system, following the configuration generated by formulating our objectives.

The experimental investigation we carried on has as a starting point our intention of verifying
how the interactive didactic methods based on “problem solving” and “learning by discovery” in
teaching mathematics and sciences in primary school, may influence obtaining superior performances
by students due to the positive impact of these methods applied in conscious and efficient learning, as
well as our intention to identify the exigencies and limits in using these methods.
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Our research approaches a present day issue, to be found among the new tendencies of
contemporary pedagogy, preoccupied to replace the flattening, non-natural methodologies with the
differentiating, individualizing or personalized methodologies in the teaching process, giving equal
chances to each student, promoting methods with grater formative potentials which may be able to
move things towards optimization of active undertakings by the students themselves in learning.

Our undertaking the present experimental research was meant to be clarifying and
argumentative, supporting the idea that problem solving and learning by discovery, if systematically
promoted and relevantly introduced in didactic activity would have a favourable effect upon the
students’ school performances.

The analysis of the results in this research confirms that teaching mathematics and sciences in
primary schools through problem solving and learning by discovery has a significant positive effect
both formatively and informatively.

Planning and unfolding of our pedagogical experiment were made from the perspectives of
optimizing the teaching — learning process of mathematics and sciences in primary schools, of using
systematically problem solving and learning by discovery in achieving and developing fundamental
competences in mathematics and sciences and for the positive influence upon the dynamics of school
performances.

Pedagogical intervention has been done within the normal framework of didactic activities in
mathematics and sciences, on experimental samples chosen from both rural and urban areas. The
samples were selected according to the pedagogical research methodology and observing the
compatibility requirements imposed by the objectives and the hypotheses of formative experiments.
Delimitation of the content sample has been made taking into account its potential in capitalizing the
formative values of problem solving and discovery as didactic methods, in the way that their contents
can contribute to the formation and developing of the capacity of understanding and using the
concepts and terms specific to mathematics and sciences, using the capacities of exploration-
investigation and problem solving. The sample covers an important part of contents in mathematics
and sciences.

Evolution of samples along the experiment, the dynamics of school performance recorded by
the students are described in comparative, quantitative and qualitative analyses following the
application of tests in various steps along the experiment. For the tests applied in each evaluative
reference point (pre-test, test of knowledge, post-test, re-test), which marks the tendencies of school
performances of the samples, the contents and structure of knowledge were established according to
the school syllabus; processes necessary to produce performance; contexts in which the knowledge
and competences may be applicable.

Quantitative and qualitative analyses are aimed at the aspects which conduct to the validation of
specific hypotheses in our formative experiment. Actually, the analyses are relevant for the tendencies
of school performances recorded by the control and experimental samples, in the subjects of
mathematics and sciences, between the evaluative components. The pre-test is the reference
component to which the obtained results of the students are later compared to, all along the
intervention until its end, as well as the results of distance checking.

The experimental stage of the pedagogical research is characterized by the effects produced by
the experimental intervention, at the level of understanding capacities and usage of terms and specific
concepts to mathematics and sciences and of exploration/investigation of reality and of problem
solving. Comparative quantitative and qualitative analysis and statistical interpretation of recorded
scores by the samples during the evaluative stages of the experiment permit us to evaluate the amounts
of positive school performance tendencies, which are determined by the independent variables,
problem solving and discovery.

The formative experiment is the main stage of the pedagogical research, during which didactic
activity was performed in classes of mathematics and sciences with students from grade Il and grade
IV, according to the planned intervention. Processing and interpretation of data by means of
comparing and relating to specific hypotheses enabled us to outline our conclusions in three major
directions:

1. Systematic usage in didactic activity of suggested methods, namely problem solving and discovery,
is significantly influencing formation and development of competences in mathematics: the capacity of

16



understanding and using specific concepts in mathematics in ways corresponding to necessities in
individual life and capacities of exploring/investigating and solving problems.

Forming of elementary mathematical notions, in primary school, has an outstanding importance
because they are notions with which man operates along all his life and which stay at the basis of the
construction of a whole system of necessary acquisitions in developing a creative logical thinking,
coherence, and working skills.

Mathematical competence has a complex character which assumes the capacity of developing
and applying mathematical thinking in order to solve problems arisen in everyday life. Engaging in
solving short exercises, individually, in a limited time, will positively influence the flexibility and
fluency of our students’ thinking.

School performance recorded by the subjects of our experimental sample in mathematics was
strongly influenced by the usage on interactive didactic strategies, mostly by the usage of problem
solving and discovery, but also by the usage of other methods meant to capitalize the potential and
formative valences of the two fundamental methods.

Efficiency in using these methods during our experimental intervention is validated by the level
of competence attained by our students, having in view operating with the basic mathematical
elements for which the most important things are the capacity and availability of students to use types
of logical (mathematical) thinking and modalities of presenting concrete situations which need to be
solved.

Systematic use of interactive methods in didactic activities, respecting the particularities of the
young students, with a correct thinking, facilitates, on one hand, building up of a sound intuitive basis,
necessary for the construction in the students’ minds of notions and concepts specific to mathematics,
more and more abstract, and on the other hand, formation and development their accumulating
capacity of new knowledge based on experience and previously acquired knowledge.

The solidity of knowledge and competence acquired through interactive learning activities is
validated by the results obtained by subjects in the re-tests.

A strongly marked field by the usage of interactive methods is mathematical counting.
Organizing of learning activities based on problem solving and discovery have favoured, by oral
counting, the mental effort of the students in solving an exercise which implies mobilizing the
available knowledge and experience, and by written counting, formation of automatism based on a
series of algorithms necessary for solving situations not encountered so far. We have noticed that
doing calculations with natural numbers becomes more interesting, for students of primary levels, if
they are required in solving a problem, and counting helps to understanding problems.

The higher standard of command over the counting techniques and specific language used in
mathematics to be found among subjects of the experimental sample due to experimental intervention
is validated by the answers to items in the post-tests and re-tests in which they were asked to compose
their own problems with realistic contents.

Introducing some topics of day by day activity, taken from real situations as a support for
drafting texts in their problems, have largely contributed to understanding notions like “problem”,
solving a problem” and ways of solving them. Activities organized to compose and solve problems,
improved by interactive didactic strategies, are the best way to acquire the notions related to
mathematics, in developing logical thinking, in building up modeling abilities in mathematical
realities, and in the same time they are a fertile basis in cultivating and educating inventiveness and
creativity.

Tasks of composing problems containing phenomena and facts drawn from daily life situations
will develop the students’ creative capacities, which may be capitalized in learning situations based on
discovery and/or problem solving, thus directly and actively involving them the stage of wording and
issuing questions. This kind of involvement will lead to the increase of interest and a better motivation
in searching and finding various results. An active participation from the students’ part to his/her own
process of teaching-learning is largely influencing good results in pre-established educational
objectives, as students have the possibility and conditions to contribute in building up their own
knowledge starting from what they already know.
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2. Systematic usage in didactic activity of suggested methods, namely problem solving and discovery,
is significantly influencing formation and development of competences in sciences, the capacity of
understanding and using specific concepts and terms in sciences as well as the capacity of
experimenting and exploring / investigating reality, using specific instruments and procedures.

School performance with a significant increase from one stage to the next, recorded by the
subjects of the experimental sample, are proving the efficiency of problem solving and discovery
methods in our didactic undertaking to develop competence and using concepts specific to sciences, in
exploring the environmental reality.

Optimization of the didactic results is demonstrated by the active-participating character of
interactive didactic strategies, capable to induce and sustain an efficient learning of sciences.

Teachers involved in our experiment have adapted this undertaking to the students’ age and to
the subject’s specific requirements by offering adequate working tasks according to the levels of
complexity already to be found among the students’ knowledge and experience. The simple
description of features in some objects, organisms, phenomena and events based on certain criteria
given through drawings, schemes and grids and using some simple equipments in order to observe
some phenomena or performing some measurements with conventional or unconventional instruments
in making adequate comparisons between phenomena or between earlier results and predictions of
their own, were some of the tasks asked from the students, all meant to improve learning by discovery
and problem solving.

Using some simple equipments in making observations upon phenomena or making
measurements with conventional or unconventional instruments in order to get some adequate
comparisons among phenomena or between earlier results and predictions of their own encourage and
support students in accomplishing their learning tasks; they have the opportunity to capitalize their
creative potential in applying previously acquired knowledge in exploring novel situations (learning
by discovery and problem solving).

Involving students in learning activities of the interactive type induced the development of
competences in the field of sciences by applying intellectual and practical abilities, thus ensuring an
efficient learning and making it easier to acquire knowledge in the field of sciences.

The analysis of the degree of association between the scores of samples in sciences and
mathematics have shown a positive correlation between the school performance in sciences and school
performance in mathematics in the evaluating stages of post-testing and re-testing, which means that
there is a strong and direct relation between the two variables. This aspect is validating the opportunity
offered by interactive strategies concerning transferability of both knowledge in mathematics and
sciences and competences developed by teaching-learning mathematics and sciences.

3. Usage of problem solving and learning by discovery, combined in the best way, will significantly
influence the management of didactic activity.

Interactive teaching-learning didactic activities in studying mathematics and sciences are able to
offer the most favourable context for students to familiarize with the specificity of these disciplines.
Using in tandem problem solving and learning by discovery may be a powerful factor that favours the
efficiency of the methods both regarding acquisition of knowledge as provided by the syllabus,
ensuring representative interdisciplinary approaches and regarding development and formation of
fundamental capacities in finding best solutions to various problems encountered in everyday life.

Optimal combination of problem solving and learning by discovery, in didactic activities
dedicated to mathematics and sciences, doubled by an adequate coordination and guidance of students
in their situations of learning, let it be individual or in groups, from the perspective of attaining
targeted goals, have led to a superior capitalizing of informative but mostly formative valences, being
at hand in both methods. We have found that the tandem of problem solving together with discovery,
used whenever the objectives and activities make it possible this way, would better ensure the
experimental character of learning, combining knowing with action and the theoretical-explanatory
character with the practical-applicative one. In these situations, a better capitalizing of the operational,
instrumental and functional character of knowledge has significantly contributed in developing the
capacity to solve theoretical and practical problems, a fact which was confirmed by the students’
results through tests applied during the experiment.
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Therefore we consider that the combined usage of problem solving and discovery in learning
activities must start from the idea that “materials to be learned” is not presented to the student in its
final form, but it must first require from the student a certain mental activity. Under these
circumstances it is quite difficult to admit that by means of only one single method the student will be
able to build up his new knowledge. Learning activities should be organized in such a way that
didactic strategies be oriented towards learning by discovery. In this sense, problem solving and
discovery have been utilized successfully in terms of school performances through the didactic
activities performed within our experiment.

Lessons organized and performed this way have become more interesting, their efficiency being
demonstrated by the fact that our students succeeded to achieve substantial and fundamental
judgments, better understanding the contents they should apply in real life. In addition, by means of
the learned skills in these conditions, they are able to construct their own correct scientific thinking,
they familiarize with self-oriented learning, they make up their own personality, they gain control over
their civic conduct and they change their view and approach to learning. The teachers’ preoccupation
to ensure an equilibrium among the intuitive methods, action and problem solving, have made their
didactic activities along the experiment to be based not too much on intuition, on formal learning, with
no modeling support in which notions and concepts specific to mathematics and sciences be not left
without sufficient intuitive retrospection or without the opportunity using them in solving problems
encountered in everyday life.

Because the interactive methods in general, and problem solving and discovery in particular,
have a significant input in generating inherent motivation, and also in diminishing the pressure
generated by the teacher’s personality, they make even the more reticent students, who have a weaker
opening to adapt to learning activities, who have less resistance to efforts, who do not always fulfill
their tasks in learning and can not concentrate too much their attention thus are determined to
participate in building up their own knowledge.

Problem solving and learning by discovery enables to link logically and naturally the old and the
new knowledge; didactic units are not separate sequences, they are interdependent in the situation of
learning and therefore contribute to better understanding, since they capitalize and activate previous
experiences and knowledge.

The process by which the students are building up their new knowledge, by their own effort,
based on previously acquired experience, is a cyclic process, with the duration of one learning activity.
Evolutions of modification in knowledge are the result of the inductive phenomenon manifested by
problem solving and discovery. This phenomenon of mutual induction is produced between
acquisitions gained through problem solving and acquisitions gained through discovery.

Learning activity starts by formulating a problem or a problem-situation. Conjugated activities
of both teacher and students then lead, by finding variations of solutions and choosing the correct one,
to the discovery of new knowledge, which actually will finish the learning activity. These newly
discovered knowledge then open multiple perspectives of knowledge, at a superior level. From among
these perspectives some are used for restarting another training cycle, a new step is taken towards a
new learning activity. This means that each teaching unit produces acquiring knowledge in the
students’ minds. Fluidity of knowledge is ensured by mutual induction taking place between problem
solving and discovery, and the value and level of acquisitions acquired in such a way are influenced by
objective and subjective factors that come up during the teaching process.

The multitude of knowledge resulting from learning activities, added together, constitutes the
basis of gaining and developing capacities and competences, which are not isolated entities, and which
actually establish relations of interdependence and causality. The set of correlated capacities contribute
to a space system, dynamic and open, specific to each individual. Space is given in terms directions as
a multitude of actions in which demonstration is made on capacities; dynamics is determined by the
rapidity in changing occurred in the level of knowledge, of capacities and competences, as they come
into the instructive process; the system is an open one since it permits a flux of challenges in both
ways, creation and response to challenges in everyday life.

An important feature of the system of capacities/competences made up in this way is flexibility.
The more components and the more developed an individual system would be an easier effort would it
take to solve all the challenges. The flexibility of the system will influence the degree of amortization
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of the bump produced by solving a problem of everyday life. If a person has a reduced system of
competences containing less value, the impact of everyday problems is supported with greater
difficulty.

The system and mechanism of functioning, described above, are having an important theoretical
and practical importance. Knowing and accepting, from the teacher’s side, of such a system associated
to each student, will facilitate the planning of efficient didactic activity, having in view the forming
and development of competences, as a gradual process, assuming the capacities to react to
environmental challenges, gained as operational objectives of learning activities.

Organizing and performing learning activities are to be meant to attain pre-established goals. It
is quite obvious that only the training in which teaching-learning offers the opportunity of organizing a
thorough pedagogical learning, in an easy and pleasant way and with a stressed active-participative
character from the part of the students is going to offer possibilities of efficient cooperation and
communication. Systematic usage of modern methods also involves efficient and constructive
communication relations in which all the participants would gain cognitive, affective-emotional,
attitude, social and practically applicative benefits.

At the end of the instructive activities schooling results do not refer only to the students
acquisitions in the cognitive area, they broaden to the whole range of behaviours.

The results of our experimental investigation finally prove that interactive didactic strategies
offer beneficial occasions in pedagogical organization of a thorough learning, easy and pleasant, with
a strong active-participative character enjoyed by the students, with possibilities of cooperation and
efficient communication. A systematic use of interactive methods presumes efficient and constructive
communicative relations within which the students obtain significant cognitive, affective-emotional,
attitude, social and practical applicative benefits. Acquisitions of students both in the cognitive sphere
(knowledge, abilities, capacities) in the fields of mathematics and natural sciences and in their
behavior, envisaging developments of personality, acquired through interactive methods have proved
to be stable and profound in time.

The experimental perspective upon interactive teaching-learning has enforced the conviction
that problem solving and learning by discovery are important strategies that may be easily
incorporated into didactic activity. Theoretically, this means mastering specific methodological
principles, and practically, this means to apply these principles in accordance with the objectives and
contents of the subjects in view, together with the particularities of the teaching-learning process
according to school level, of a denominated group in which we work and with the students individual
particularities.

Quantitative results, observations and interpretations made on the occasion of our pedagogical
experiment have revealed the complex and subtle character of the teaching-learning process. The great
number of operational variables in the teaching-learning process and the relational fields in which they
are to be found will only reduce the chances of an exhaustive approach in the field dealt with.
Continuation and deepening of study are made necessary in this way, because they may be able to
open new perspectives of investigation.

The pragmatic aspect of the experiment lies in the structuring of relevant information, specific to
optimization in the teaching-learning process, offering a model of efficient program of intervention in
this field, elaboration and adaptation of several investigation instruments specific to the age group we
had in view.

As it was foreseeable, proceeding to this experimental research we realized that new possible
perspectives will be generated for other (sub)themes, in targeting new objectives, other working
hypotheses, new evaluation instruments and other techniques of statistical data analyses, whereas
collecting and analyzing the data have offered us the opportunity to discover certain limits of our
research.

Our dissertation contains 306 pages, 76 grids and 78 diagrams, a bibliography list containing
200 titles (Romanian and foreign authors), a rich webography, as well as a number of 18 annexes (for
questionnaires, psycho-pedagogical files, tests, projects, grids of test results, synthetic analyses).
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