"ION CREANGA" STATE PEDAGOGICAL UNIVERSITY
OF CHISINAU

With manuscript title

CZU:37.025:57+004(043.2)
PLACINTA DANIELA

USE OF ICT TOOLS IN THE BIOLOGY SUBJECT IN THE
CONTEXT OF DEVELOPING HIGH SCHOOL
STUDENTS' MOTIVATION FOR LEARNING

Speciality 532.02. School Didactics on Education Levels and
Subjects (Biology)

Chisinau, 2025



The thesis was developed within the Doctoral School "Education Sciences",

"lon Creanga

Scientific Advisors:

"

State Pedagogical University of Chisinau

COROPCEANU Eduard, PhD, Full Professor
GRATI Vasile, Habilitated Doctor, Full Professor

Composition of the Doctoral Thesis Defense Committee:

BOCANCEA Viorel
CHIRIAC Liubomir

TITCHIEV Inga

NEGARA Corina
GLOBA Angela
PAVEL Maria

The public defense of th

Senate Hall of the "lon
Creanga 1, MD 2069.

PhD, Associate Professor, "lon Creangd" State
Pedagogical University of Chisinau, Chairman
Habilitated Doctor, Full Professor, "Ion Creangi"
State Pedagogical University of Chisinau, reviewer
PhD, Associate Professor, Mathematics and
Information Technology Institute, Moldova State
University, reviewer

PhD, Associate Professor, S. Russo State University
of Balti, reviewer

PhD, Associate Professor, "lon Creangd" State
Pedagogical University of Chisinau, reviewer

PhD, Associate Professor, "lon Creangd" State
Pedagogical University of Chisinau, reviewer

e thesis will take place on 16.04.2025, at 14:00, in the
Creanga" State Pedagogical University, bl. 2, str. Ion

The summary of the doctoral thesis can be consulted on the website of Ion
Creangd State Pedagogical University (www.upsc.md) and on the website of
the National Agency for Quality Assurance in Education and Research
(www.cnaa.md) The summary was sent on 13.03.2025

Chairman of Doctoral Thesis Defense Committe

PhD, Associate Professor BOCANCEA Viorel
Scientific Advisors:

PhD, Full Professor COROPCEANU Eduard
Habilitated Doctor, Full Professor GRATI Vasile

Author

PLACINTA Daniela

© Placinta Daniela, 2025



TABLE OF CONTENTS

Conceptual benchmarks of the research ...........cccoeeiiiiieiiiicciiie. 4
ThESIS CONENE ..cuvieuieiieiieiie ettt st e 7
General conclusions and recommendations ............cceceeveeeeerereeneennene 24
3 10) FT0T =3 2 o) 1) 2RSSR 28
List of the author's publications on the thesis topic.......... coccecevveeneens 30
ANNOTALION. ...ttt ettt sttt e st e st esbe st e e bee et e saeens 32
AHHOTALTHIS. ..o e e e e e e e e e e e e e eeeeeeeeseeeeeeneaenaaaneens 33
PN 11 0T ] 15 0] o NSRS 34
Print data ShEet .......ccooiiiiieeeee e 35



CONCEPTUAL BENCHMARKS OF THE RESEARCH

The Biology subject, in relation to ICT tools, creates
advantageous perspectives for an interactive learning process, in the
context of the degree of complexity and diversity of thematic contents.
The difficulty in motivating high school students is a dominant factor,
because selective motivation influences school success and learning
outcomes.

The topicality and importance of the research topic is welcome
in the future specialists’ training in the double study programmes:
Biology and Chemistry, Chemistry and Biology, Geography and
Biology, of the "lon Creangd" State Pedagogical University of
Chisinau.

Internationally, this topic is analyzed separately, from the
perspective of several aspects. UNESCO proposes the Information and
communication technology in education: a curriculum for schools and
programme of teacher development, which supports the strategies for
implementing ICT tools [19].

The European Commission publishes the work of the author
Christine Redecker European Framework for the Digital Competence
of Educators DigCompEdu (European Framework for the Digital
Competence of Educators: DigCompEdu), which proposes ways to
develop and valorize teachers’ digital competence [7]. At the same time,
in 2022, a new version of the European Strategy for Digital
Competences (DIGCOMP), authors Vuorikari Riina, Kluzer Stefano,
Punie Yves, is approved, which proposes a reference framework for
digital competences (DigComp 22) [35]. The Recommendation of the
Council of the European Union provides a series of strategies or
strategic approaches to the application of ICT tools in education
through developed digital competences [6].

In the Development Strategy "Education 2030", the
Government of the Republic of Moldova proposes solutions for the
development of education in the context of global digitalization [31]. In
In the Digital Competence Framework for Teachers in Education, the
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Ministry of Education and Research of the Republic of Moldova
includes teachers’ digital competence profiles [3].

Learning with ICT has been studied by a number of
researchers, including: Marc Prensky, Digital Natives, Digital
Immigrants [27], Yasmin B. Kafai, Mitchel Resnick [18], Karen Cator
[4], Michael Fullan [13], etc.

Among the researchers from the Republic of Moldova: Anatol
Gremalschi [15], Valeriu Cabac [2], Andrei Braicov and Sergiu Corlat
[9], L. Chiriac, A. Globa [5], etc., have made significant contributions
regarding the application of ICT tools in the educational system.

Selectively, research on the integration of ICT tools in the
Biology teaching process is described by Yassanne Garraway-Lashley
[14], Gertrude Kanayo Ezekoka [12], Ricardo Trumper [32].

Motivation for learning is studied by a number of researchers
such as Rolland Viau [33], Victor H. Vroom [34], Abraham Maslow
[20], David MacClelland [122] and John William Atkinson [1], Johnson
D. W. and the team of authors [17], Estela Straicov [30].

The application of ICT tools in the Biology educational process
is analyzed in the good practices of the authors Iurie Cristea [10], Diana
Coscodan and Lora Mosanu-Supac [8] etc.

The author determines the following contradictions: 1. The
pace of the development of information and communication
technologies is much faster compared to the development of
methodological benchmarks for their integration into the teaching
process, including in the discipline of Biology; 2. The level of high
school students’ motivation for learning vis-a-vis the formation of
specific competencies in the Biology subject; 3. The complexity of the
requirements for applying ICT in the educational process in relation to
teachers’ professional competences and skills.

In the context of the indicated contradictions, the research
problem was formulated: establishing scientific and methodological
benchmarks for the application of information and communication
technologies in the teaching process with a positive impact on the
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values of high school students’ motivation for learning and focused on
streamlining the process of studying the Biology subject.

The purpose of the work: to develop the theoretical and
methodological basis for the implementation and use of ICT tools in the
Biology subject in order to increase high school students’ motivation
for learning.

Research objectives: 1. Analysis of theoretical benchmarks
regarding high school students’ motivation for learning facilitated by
ICT tools; 2. Development of the Model for Using ICT Tools in the
Biology Subject in the Context of Developing High School Students’
Motivation for Learning; 3. Argumentation of the Methodology for
implementing the Pedagogical Model developed within the teaching
process in the school Biology subject ; 4. Experimental validation of
the Model for Using ICT Tools in the Biology Subject in the Context of
Developing High School Students’ Motivation for Learning; 5.
Broadening the spectrum of instructional-methodical resources in the
field of Natural Sciences (in particular, the school discipline of
Biology) focused on the implementation of ICT in the teaching process.

General hypothesis

The methodology for using ICT tools will stimulate high school
students’ motivation for learning in the Biology subject: 1. The
conceptual benchmarks will be established, the general and specific
psychopedagogical conditions for learning in the Biology subject will
be respected; 2. The hardware and software tools researched will be
systematically applied in the teaching process in the Biology subject; 3.
The continuing education courses for teachers will be in line with the
methodologies related to the use of ICT tools in the Biology subject; 4.
The interdependence between the use of the Methodology for
integrating ICT tools in the Biology teaching process and the values of
high school students’ motivation for learning will be elucidated. 5. The
Pedagogical Model for Using ICT Tools in the Biology Subject in the
Context of Developing High School Students’ Motivation for Learning
will be created, which will contribute to satisfying students’ knowledge
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needs in the Biology subject.

Following the synthesis of the research methodology, necessary
to obtain the research results, the following methods were selected:
theoretical, empirical, descriptive.

The scientific novelty consists in justifying the connection
between ICT tools used in the educational process in Biology and their
impact on high school students’ motivation for learning in the Republic
of Moldova. The originality of the research is based on the fact that
there was developed the Model for Using ICT Tools in the Biology
Subject in the Context of Developing High School Students’ Motivation
for Learning and the individualization of the actions for implementing
the authentic Pedagogical Model of the present research.

The important scientific problem solved in the research lies
in establishing scientific and methodological benchmarks for applying
information and communication technologies in the Biology teaching
process with beneficial results on high school students’ motivation for
learning, which led to the development of the Model for Using ICT
Tools in the Biology Subject in the Context of Developing High School
Students’ Motivation for Learning and its implementation
Methodology, which contributed to resolving the coherence between
the use of ICT tools in the Biology subject and increasing high school
students’ motivation for learning, as well as the efficiency of the
teaching process in this school discipline.

The publications on the topic of the doctoral thesis (40
publications) present a truthful argument on the research direction.

THESIS CONTENT
In Chapter 1, Theoretical Benchmarks Regarding High
School Students’ Motivation for Learning Facilitated by ICT Tools,
there are elucidated the theories of researchers on the motivation for
learning, according to the age characteristics of high school students,
with reference to the needs of motivation for learning and the psycho-



pedagogical conditions that outline the profile of the high school
student motivated to learn.

Based on the theoretical framework, certain values of
motivation were analyzed, such as students’ behavior, self-affirmation,
needs, curiosity, benefits, preferences, perseverance, and willpower.
These dimensions were measured and correlated with the use of ICT
tools [11] in the learning process of high school students.

At the same time, a qualitative study was conducted on the
development of information and communication technologies for
education (ICTE), including the main national and international
regulations that laid the foundation for the digitalization of education in
the Republic of Moldova, the way they were integrated, and their
impact on the teaching process in the subject of Biology. Thus, taking
into account the general development of ICT, five main stages were
highlighted, their characteristics, and respectively, the ICT tools
available for each stage: 1) before 1985 (Pre-digitalization period); 2)
1985 - 2000 (Initiation period); 3) 2000 - 2010 (Awareness period); 4)
2010 - 2019 (Transition and expansion of digitalization period); 5) 2019
- present (1. COVID-19 period and acceleration of digitalization; 2.
Post-pandemic period and the future of education digitalization).Thus,
ICT tools, later applied in the pedagogical experiment, included
electronic presentations, digital sensors, electronic magazine and
artificial intelligence.

The theoretical investigation on  Information and
Communication Technologies has drawn some conclusions according
to which if the implementation strategies of digital tools take place in
the context of an interactive, personalized and responsible teaching
process, they can bring benefits in the development of the high school
students’ personality.

The described synthesis is presented in 6 subchapters that detail
the theoretical benchmarks of the research topic.

Chapter 2, Pedagogical Model for Using ICT Tools in the
Context of Developing High School Students’ Motivation for
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Learning includes a part of the research that refers to the formative
valences of ICT tools in the Biology teaching-learning-evaluation
process.

The analysis of Biology Curriculum (grades X-XII) from the
perspective of using ICT tools in the teaching-learning-evaluation process
illustrates the percentage differences by grades and high school learning
profiles of recommended activities and learning products through the
application of ICT tools, Fig. 2.1. Thus, the largest percentage share is in
grade XII, real profile — 17.39% out of 100%, constituting the smallest
difference between the total number of recommended activities and
learning products 82.61%. Then, grade X, real profile and grade XII,
humanistic profile follow with an equal ratio in both grades — 11.76%. In
grade X, humanistic profile, recommended activities and learning products
with the integration of ICT tools represent 6.66%.

In grade XI, humanistic profile, ICT tools are recommended in
6.25% of activities and learning products. The lowest index is in the 11th
grade, real profile — 5%.

Percentage ratio of types of activities and learning products, recommended for

high school education in the Biology subject, with the integration of ICT tools,
compared to the total number of activities and learning products

120%
100%
80%
60%

40%
1739% | 11.76%
20% 11,76% 6,66% 5% 6,25%

0% . [ | | || I .

Grade X, ExactGrade X, Exact Grade XI. Grade XI. Grade XII. Grade XIIL
Sciences Sciences  Exact Sciences Humanities Exact Sciences Humanities

Fig. 2.1. Percentage ratio of activities types and learning

products, recommended for high school education in the Biology

subject, with the integration of ICT tools, compared to the total
number of activities and learning products



The percentage analysis of the use of ICT tools in teaching
Biology highlights significant differences between classes and profiles,
emphasizing the need for a structured approach to their efficient integration
into the teaching process. In this context, there was developed a
Pedagogical Model for using ICT tools in the Biology subject in the
context of developing motivation of high school students, as shown in Fig.
2.2.

The conceptual benchmarks present one of the main components
of the Pedagogical Model in Fig. 2.8, which refers to the Reference
Framework of the National Curriculum of the Republic of Moldova ...
where the foundations, methodology and praxiology of curricular policies
for general education are specified” [16].

The Biology Curriculum for grades X — XII includes a system of
contents oriented towards the formation of the necessary competences for
high school students, promoting the interdisciplinary and transdisciplinary
learning nature. The contents proposed in the curriculum maintain the
motivational rhythm of high school students’ learning through the
application of various teaching resources, including ICT tools.

[ ——— .l Didactic approach to the Biology subject |_ — — —
L 2
I Motivation Theorics Values of Motivation for Learning Among High
ﬁ dents logy through 1C
I I Conceptual _ _ 1L Application of 1CT|
benchmarks ol F e L F NG Iy Tools in the Learning
M Conditions Procee

Conditions

1 training prog)

l algns

AB0jo1g Ul UIEI] 0) PHBAIOW SJUIPNJS [00YIS YSI]

Biology teachers

—

‘ Continuous professi

1 T T
—_——— — ] Feedback |l — ——

t
Fig. 2.2. The Pedagogical Model for Using ICT Tools in the Biology

Subject in the Context of Developing High School Students’
Motivation for Learning
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Therefore, high school students' learning outcomes can be
achieved through interactive learning activities, while respecting the
psychopedagogical conditions favorable to intrinsic and extrinsic
motivation.

The efficiency of integrating ICT tools depends on the design
of learning activities, the development of the designed activities and the
evaluation of the designed learning activities, in relation to the teacher's
teaching style, the student's learning style and the number of students in
the classroom.

Teaching strategies present a component part of the specific
psychopedagogical conditions for the efficient use of ICT tools.

Software and hardware tools are constantly changing in
relation to the evolution of ICT tools in the digital age. Worldwide,
companies specializing in the creation of new software and hardware
products also involve the educational system. Thus, there is a need to
complement the existing ICT teaching resources in learning spaces with
new generations of software and hardware tools. The author mentions
this thought, because the evolution of software and hardware tools will
determine the process of applying and adapting ICT tools, derived from
the Pedagogical Model for Using ICT Tools in the Biology Subject in
the Context of Developing High School Students’ Motivation for
Learning.

The ICT tools, used in the educational process in the Biology
discipline, are analyzed from the perspective of developing the values
of high school students’ motivation for learning, determined from the
following theories of motivation: Expected Performance Theory, Need
Hierarchy Theory, Integrative Model, Success Acquisition Theory. As a
result, the ICT tools model the following values of high school
students’ motivation for learning in the Biology subject: conduct, self-
affirmation, needs, necessities, curiosity, benefits, preference,
perseverance, will.

The developed Pedagogical Model differs from other
pedagogical models focused on integrating ICT into the teaching
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process by: identifying the set of high school students’ motivation
values to learn Biology with ICT tools (conduct, self-affirmation,
needs, requirements, curiosity, benefits, preference, perseverance, will);
selecting the most effective digital tools that contribute to increasing
learning motivation (for example, online journals, digital sensors,
artificial intelligence, etc.); focusing digital resources on increasing the
values of learning motivation in the school Biology subject through the
perspective of psychopedagogical learning conditions; integrating the
Life Long Learning concept for the teachers’ continuous training;
interactive teaching methods from the perspective of integrating STEM
education; the proposed Model facilitates the orientation of the entire
teaching process towards improving students' learning experiences,
transforming them into active actors of the teaching process.

The essential properties of the developed Pedagogical Model
are: versatility, flexibility in application, continuity of the Model,
multifunctionality and originality.

The Methodology for implementing the created Pedagogical
Model depends on the digital skills of the teaching staff and students.
The teaching staff has a high degree of responsibility for planning,
organizing, conducting the evaluation of the teaching approach and the
results obtained from the application of ICT teaching resources.

In the Biology subject, the author created the electronic
ProBiologic Rythm journal, which can be accessed at the link
https://sites.google.com/view/ritmprobiologic .

The ProBiologic Rythm journal presents a website with pages

with a heterogeneous background. The online ProBiologic Rythm
journal promotes the attractive and motivational nature of Biology
science. The group of coordinating students collaborates and develops
various learning products that are placed on the thematic pages of the
journal [28].
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https://sites.google.com/view/ritmprobiologic

i e

rinta biologica pentru o viata fericitd si sanatoasa.*

8ruse H. Lipton, biolog, Universitatea Stanford Shcool of Medicine

(21 octombrie 1944)

Fig. 2.3. Pop-up menu containing links to thematic pages of the
online ProBiologic Rythm journal

The report in Fig. 2.4, made with the Google Analytics service,
shows that globally, the online ProBiologic Rythm journal has accesses
from different continents: North America, South America, Europe, Asia,
Australia, Africa. This index presents a means to encourage and motivate
students to continue the journal's activity in the online environment, and
therefore, motivates them for continuous Biology learning.

Thus, the countries with the most accesses and the total number of
sessions are: in first place — the Republic of Moldova with 15,358 sessions,
in decreasing order it is followed by: Romania (2058 sessions), United
States of America (132 sessions), Germany (67 sessions), Italy (57
sessions), United Kingdom (41 sessions), France (32 sessions), Ukraine
(30 sessions), Russia (23 sessions), Spain (19 sessions), Israel (14
sessions), Ireland (10 sessions), Netherlands (7 sessions), Turkey (7
sessions), Belgium (6 sessions).

)

[P —

Fig. 2.4. Map of countries from which the online ProBiologic Rythm
journal was accessed
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The online Rythm ProBiologic journal features some learning
products created by high school students through the application of ICT
resources, which are recommended by the Biology curriculum, 2019
edition. As a result, out of 8 (100%) types of learning products
recommended by the curriculum with reference to the application of
ICT tools for the real profile, grades X— XII, 5 (62.5%) are found on the
pages of the online journal, and for the humanities profile, out of 5
(100%) - 3 (60%) are in the online Rythm ProBiologic journal.

Digital labs, electronic presentations, Al, present motivating
ICT resources for high school students in studying Biology.

Depending on the purpose of the research, for recording data
and formulating the necessary conclusions, ICT tools can contribute to
the exploration of reality, data collection, data recording and
dissemination of results [22]. For example, an experiment can be
carried out on the topic The human blood system. The heart, grade XI,
with the NeulLog application and the NUL-218 electrocardiogram
recording sensor, where the heart electrical impulses can be measured
through the electrocardiogram. The materials of the digital experiment
are modules and sensors: NeulLog software; USB-200 module; NUL-
218 electrocardiogram recording sensor [26].

| M=
'Jw.la;..U;.i«\-;l:'»-'.am'-:%—';},lJ,:,u_ L Ly Wy Ll

Mo (A Y, W/

a b
Fig. 2.5. Comparative analysis of the experiment graphs performed
with the NeuLog software: a — electrocardiogram of a man in a
calm and stressed emotional state; b — electrocardiogram of a man

recorded after 20 squats
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Thus, we tend to believe that the digital laboratory (NeuLog)
motivates students to learn by using the vast set of opportunities and
tools it makes available. The students' learning outcomes will be
subordinated to the specific competencies of the Biology subject[25].

Digital Biology laboratories, equipped with ICT tools, can
support students' interest in the Biology subject, if the teacher identifies
solutions to combine several teaching methods specific to the Biology
subject.

Electronic presentations in Biology are effective tools for
communicating complex information and making scientific subjects
more accessible and interesting for students. In the digital age, the use
of electronic presentations in Biology education is becoming
increasingly relevant and engaging. This teaching method not only
transforms the learning experience, but also stimulates high school
students’ motivation to explore and understand the specific features of
Biology [7].

In the context of the Biology learning process, the diversity of
electronic presentations included PowerPoint [1], Prezi, and Powtoon.

Fig. 2.6. Sequence from the Powtoon presentation on the topic
Hygiene, dysfunctions and diseases of the nervous system, grade XI

As a result, e-presentations can play a significant role in
motivating high school students in Biology. The use of ICT tools can
bring many advantages to the learning process and stimulate students'
interest and engagement.
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Artificial intelligence (Al) is increasingly actively penetrating
everyday life, creating clear premises for its application in the
educational process. The author of this research adopted Al
technologies for formulating learning tasks in Biology.

In the content unit Basics of Genetics, the topic Mendelian
Laws of Transmission of Hereditary Characters (Monohybrid and
Dihybrid Crossing), grade XII, real profile and in the humanistic
profile, G. Mendel's Laws of Transmission of Hereditary Characters
(Monohybrid Crossing), there is proposed the learning activity on
solving genetics problems. The attractiveness of this learning task
increases students’ motivation to get involved in identifying creative
and original answers, through the interactivity offered by artificial
intelligence.

ccccco |G - @ . d
“:_—;. ccii; ecti; Ceff; Cefi; @ Q
CCii; Ceiiy 2 ?
eefis eeli @ 0‘;‘
4~_l}~f s
Fig. 2.7. Setting characters by Fig. 2.8. Phenotypic
genotypes of the Genetics representation of the
problem in the Generated offspring investigated in the
photos application Genetics problem with

Generated photos
One of the elements of integrating the STEM concept into
the Biology teaching process was the development of the Guide for
the implementation of STEM technology and the use of sensors in the
field of Natural Sciences, from the perspective of Biology, in the
context of developing high school students’ motivation for learning in
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the Biology subject, being one of the results of the research conducted
by the author.

In this context, the STEM projects, included in the guide,
represent an innovative way to motivate high school students to
approach the field of Biology and to understand its importance in the
contemporary world through the connection with reality,
interdisciplinarity, development of practical skills, inspiration for a
career.

Table 2.1 indicates some experiments in Biology, which can be
carried out by students using Neulog sensors.

Table 2.1. Experiments recommended for students using
NeuLog sensors in the content units of the Biology Curriculum,
grades X-XII, 2019 edition

Grade Curriculum Recommended
Content Unit  experiments
The cell, the Diffusion through the cell
X morphofunctional | membrane (B-2, ver. 3.2.11)
unit of organisms | Conductivity recording sensor
(NUL-215)
XI Humans’ Breathing (B-3, ver. 3.2.8)
XII breathing Oxygen Recording Sensor
(NUL-205)
Circulation of H'e'a{'t Rate and Physical
substances in the Activity (B-19, ver. 3.2.12)
human body Heart Rate and Pulse Sensor
(NUL-208)

Thus, the correct use of ICT tools in the Biology teaching-
learning-assessment process can have a significant impact on students’
motivation. Therefore, ICT-based literacy in the context of Biology is
not limited to accessing online information, but also involves the
development of specific skills such as digital reading, digital writing
and digital mathematical calculation. These digital skills can play a
significant role in motivating learning in the Biology subject.
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Chapter 3. Experimental Validation of the Pedagogical Model
and the Developed Methodology describes the pedagogical experiment
that took place in two consecutive stages: (1) the ascertaining stage,
during which surveys were conducted with students and teachers to
measure the values of learning motivation in the context of selecting
and using IT resources; there were identified the control and
experimental samples with the verification of the statistical hypotheses
Ho and Hi, which confirmed their homogeneity; (2) the training stage
during which the Pedagogical Model for Using ICT Tools in the
Biology Subject in the Context of Developing High School Students’
Motivation for Learning and the developed Methodology were
implemented.

The general objective of the pedagogical experiment
established by the author is to validate the Pedagogical Model for Using
ICT Tools in the Biology Subject in the Context of Developing High
School Students’ Motivation for Learning through statistical analysis of
the data obtained.

The research hypothesis put forward within the pedagogical
experiment: if the pedagogical conditions specified by the Pedagogical
Model are respected and the developed Methodology is applied, then
the level of high school students’ motivation for learning in the Biology
subject will be significantly improved.

The following variables were used in the experiment:

- independent: control and experimental samples, developed
teaching strategies, studied curricular contents, applied digital resources
(hard, soft), technical conditions of the study space;

- dependent: the level of high school students’ motivation
values for learning Biology with the help of ICT tools, the degree of
using ICT tools in the Biology teaching process by teachers.

The pedagogical experiment took place during the years of
study: 2021-2022; 2022-2023. The subjects of the experiment were 167
high school students, Table 3.1, from the Public Institution "Alecu
Russo" Theoretical High School in Cojusna, (84 students in the
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experimental group; 83 students in the control group) and 294 teachers
in the discipline Biology in the Republic of Moldova, Table 3.2.

Table 3.1. Numerical composition of the subjects (students) of the
pedagogical experiment

No. S e Number of students
Experimental sample Control sample Total
1. 2021-2022 31 55 86
2022-2023 53 28 81
Total 84 83 167

Table 3.2. Numerical composition of the teachers participating in
the pedagogical experiment

Continuing professional development Continuing professional training session
session, UST within AOIEP
No. of teachers participating N?' .Of tf:acl.lers
Year of study . . Year of study participating in the
in the experiment .
experiment
2020-2021 181 2022 —2023 113

Total: 294 teachers participating in the experiment

The ascertaining stage of the pedagogical experiment

The following objectives were established for the assessment
stage: 1. Measuring the level of the integration of ICT resources into
the Biology teaching-learning-evaluation process focused on increasing
high school students’ motivation for learning (teachers). 2. Identifying
digital tools with a positive impact on high school students’ motivation
for learning Biology. 3. Measuring high school students’ motivation
values for learning in the Biology subject determined by the
application of ICT tools (conduct, self-affirmation, needs, requirements,
curiosity, benefits, preference, perseverance, will). 4. Identifying the
control and experimental samples with verification of their
homogeneity.

This stage of the pedagogical experiment aimed at identifying
students' opinions regarding the degree of motivation for learning in the
Biology subject in relation to the application of ICT tools through the
behavioral, personal, sociocultural, cognitive dimensions of the self, but
also at determining the level of using ICT tools in the Biology teaching
process by teachers in terms of increasing students' motivation for
learning.
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To achieve objectives 1 and 2 of the ascertaining stage, initially,
three questionnaires were created. Following the analysis of the
specialized literature, the first was developed and applied to the
teachers, which proposed various situations of applying ICT tools in the
Biology teaching process and their action on students' desire to learn,
carried out at the continuing professional training courses of Biology
teachers, within the Continuing Professional Training Center of
Tiraspol State University.

The questionnaire was completed by 181 (100%) teachers aged
22-75 years, of which 164 (90.6%) were female and 17 (9.4%) were
male, who work in high school and middle school education.

In order to achieve the third objective of the ascertaining stage
of the pedagogical experiment, two surveys were developed and
applied for high school students, included in the research samples,
which aimed at identifying the initial situation regarding the level of
motivation values for learning in the Biology subject. As a result, there
were researched the following motivational values of the Biology
teaching-learning-evaluation process: conduct, self-affirmation, needs;
necessities; curiosity; benefits, preferences, perseverance; will.

With the help of survey I, there were researched the values:
conduct, self-affirmation, needs and necessities, and with survey II —
curiosity, benefits, preference, perseverance and will.

In order to analyze the data obtained during the ascertaining
stage, there were formulated the null hypothesis Ho and the alternative
hypothesis H; (research).

In order to approve or reject the null hypothesis Ho and
consequently to reject or approve the research hypothesis H;, there was
performed a statistical analysis of the data obtained from the
application of the two questionnaires to high school students from the
experimental and control samples. Since the research variables that
refer to the level of high school students’ motivation values for learning
Biology with the help of ICT tools are nominal, categorical, and the
independent variable, sample, is also nominal, with two categories
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(control and experimental), the observations are independent and no
student chose more than one value for each dependent variable
investigated, then the ¥* statistical test of association or independence
can be applied.

The results of the y> test attest that there are no significant
differences between the values of the high school students’ learning
motivation variables in the Biology subject, influenced by the use of
ICT tools, when comparing the control sample with the experimental
one (p>0.05), for all types of motivation values analyzed in this
research, the academic years 2021-2022 and in the year 2022-2023.
This fact allows the confirmation of the null hypothesis put forward that
there are no significant differences between the samples included in the
experiment, therefore they are at the same level and therefore the start
of the formation stage of the pedagogical experiment takes place under
the same conditions for both samples.

In conclusion, the results of the survey, obtained at the
initiation stage of the pedagogical experiment, in the year 2021-2022,
highlight the problems regarding high school students’ motivation to
learn with the help of ICT tools. The same results were obtained at the
initiation stage of the pedagogical experiment in the year 2022-2023
(81 students), with a deviation of +5%. Thus, the third and fourth
objectives of the observational experiment were achieved.

For the formation stage, the author formulated the following
objectives: 1. Identifying the differences between the initial and post-
training values of the degree of using ICT tools in the Biology teaching
process by teachers from the perspective of high school students'
motivation for learning; 2. Identifying the differences between the post-
experimental values of high school students' motivation for learning, as
a result of the use of ICT tools, of the samples involved in the
experiment; 3. Validating the Pedagogical Model for Using ICT Tools in
the Biology Subject in the Context of Developing High School Students’
Motivation for Learning, by interpreting the results of the statistical
tests performed.
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As a result, the experimental programme is complemented with
the objective of developing teachers’ digital competences and using
ICT tools in the Biology teaching process.

The continuous professional training course Ensuring inter-
and transdisciplinary aspects in the Biology teaching process through
the integration of ICT resources, organized for Biology teachers (113
subjects) within the Public Association "Innovation in Performance
Education”, aimed at identifying the possibilities of integrating ICT
resources in the Biology teaching process so that students become more
motivated towards this discipline.

The results obtained from the survey confirm those obtained
during the continuous professional training of Biology teachers at TSU
(181 subjects), with a deviation of £5%. At the end of the training
program, teachers completed a final questionnaire to obtain data on the
integration of ICT in the Biology training process in the context of
motivating students for learning. Thus, in order to achieve the first
objective of the training phase, the values of the data obtained before
the training were compared with those after the continuous training of
the biology teachers, in order to test the efficiency of the training
course. To this end, the hypotheses corresponding to the research stage
were put forward.

In order to verify these assumptions, the Wilcoxon test (W) was
applied to the paired samples, the results of which are presented in
Table 3.3.

To test these hypotheses, the Wilcoxon (W) test for paired
samples was applied, the results of which are significant (p <0.05),
then it results that there are significant differences between the results
of teachers’ survey participating in the training session, for all items,
regarding the use of ICT tools in the Biology discipline, from the
perspective of motivation for learning (pretest-posttest). Thus, the
veracity of the research hypothesis H; is attested, because the
significant differences between the results of the pre- and posttest
survey of Biology teachers were confirmed, obtaining significantly
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more qualitative results at the end of the continuous professional
training course. In this context, the first objective of the training stage
within the pedagogical experiment carried out is considered achieved
and the efficiency of the continuous training course is confirmed.

Table 3.3. Results of the Wilcoxon W test comparing the
results of the teacher questionnaire on the use of ICT tools in the
discipline of Biology, from the perspective of motivation for
learning (pretest-posttest)

mediate | mediate
Items pretest | post- W p
test

No.
do

I. | Do you appreciate the intensity of your use of ICT
resources to maintain students' interest in the educational 1.65 1.11 1893 | <.001
approach to the Biology discipline?

Do you appreciate the frequency of using ICT in various
learning motivation activities and the creation of learning 1.82 1.27 2198 | <.001
products in Biology?

3. | Use of biological scientific language regarding structures,
processes, phenomena, laws, concepts in various 1.8 1.4 1794 | <.001
communication contexts

4. | Investigating the living world using specific methods and
means to improve the quality of life and the environment
5. | Involvement in activities to maintain one's own health and
that of those around them by applying interactive methods 1.83 1.48 1482 | <.001
to form healthy behavior

6. | Participation in biodiversity protection actions through

(5]

1.85 1.54 1068 | <.001

partnership in order to solve ecological problems at the 1.94 1.61 1704 | <.001
individual, local and global levels
7. | Completing classroom assignments 2.16 1.73 1617 | <.001
8. | Doing homework 1.97 1.75 1373 | 0.016
9. | Extracurricular educational activities 1.83 1.65 1511 | 0.049

In order to achieve the second objective of the training stage of
the pedagogical experiment, a survey of the students involved in the
experiment was conducted upon its completion, and the results obtained
by the two samples (experimental and control) were compared with
each other.

The results of the ¥ test, measured at the end of the
experimental training phase in the 2021-2022 academic year (86
students) and for the 2022-2023 academic year (81 students), when
comparing the control sample with the experimental one (p<0.05), for
all types of motivation values analyzed in this research. Therefore, it is
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found that the significant differences are in favor of the experimental
sample, in the sense that for it a significantly higher percentage of
qualitative responses of the type "very much", "a lot", "very often",
"often", "very well" and "well" was recorded. This fact allows the
confirmation of the H; research hypothesis put forward that between
the samples included in the experiment there are significant
differences in relation to the post-experimental values of high school
students' motivation for learning, as a result of the use of ICT tools in
the Biology subject, in the sense that significantly more qualitative
results were obtained in the experimental sample than in the control
one.

The Cramer's V effect size coefficient, calculated for the ¥ test
of association or independence, measures the effect of the independent
variable (the developed teaching strategies) on the dependent variable
(the level of high school students’ motivation values for learning
Biology with the help of ICT tools) and was found to be from medium
to strong or strong, with minor exceptions, which demonstrates the
efficiency of the Model and the developed Methodology.

The confirmation of the results obtained for the experimental
year 2021-2022 and for the academic year 2022-2023, higher for the
experimental samples from each year of the experiment, allows the
validation and verification of the efficiency of the Pedagogical Model
for Using ICT Tools in the Biology Subject in the Context of Developing
High School Students’ Motivation for Learning and the developed
Methodology.

CONCLUSIONS AND RECOMMENDATIONS
The educational environment is open to new directions of teaching
methodology, thus creating favorable contexts for research and innovation.
As a result, the theoretical and praxiological basis of the thematic area of
investigation was developed and the following conclusions were
formulated:
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1. Analyzing scientific research on the theory of motivation,
educational policies, national and international normative documents,
studied through the lens of the learning process of high school students,
with an emphasis on the inclusion of ICT in the teaching process, it can be
stated that: (1) high school students’ motivation for learning depends on the
combination of psycho-pedagogical modalities and conditions; (2) rapid
digital development considerably outpaces the progress in developing new
methodologies for integrating ICT into the Biology teaching process with a
focus on increasing motivation for learning, which are of a general and
fragmented nature; (3) the increased demand for integrating ICT into the
educational process often exceeds teachers’ professional skills and
abilities; (4) difficulties in motivating high school students to learn remain
a major obstacle, but the correct management of the appropriate integration
of ICT into the Biology teaching can significantly contribute to the
development of students' personalities; (5) there is a need to strengthen the
didactic dimensions that support the increase in motivation for learning at
all educational levels, by effectively using digital resources; (6) measurable
values of high school students’ motivation for learning Biology have been
identified: conduct, self-affirmation, needs, necessities, curiosity, benefits,
preferences, perseverance, will.

2. The Pedagogical Model for Using ICT Tools in the Biology
Subject in the Context of Developing High School Students’ Motivation for
Learning was developed, which represents a significant teaching support
for improving the motivation values of high school students in Biology.
The essential properties of the developed Pedagogical Model are:
versatility, flexibility in application, continuity of the Model,
multifunctionality and originality.

3. The Methodology for Implementing the Pedagogical Model for
Using ICT Tools in the Biology Subject in the Context of Developing High
School Students’ Motivation for Learning was developed and scientifically
argued. The methodology created includes: (1) theories and concepts
focused on increasing motivation for learning (Expected Performance
Theory, Needs Hierarchy Theory, Integrative Model, Success Acquisition
Theory, STEM/STEAM concept, Life Long Learning Concept for teachers’
continuous training), (2) psychopedagogical learning conditions necessary
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for increasing intrinsic and extrinsic motivation; (3) interactive strategies
and methods; (4) digital teaching tools (electronic journals, digital
laboratories, digital sensors, artificial intelligence, electronic presentations,
etc.) being oriented towards the training and development of specific skills
in the Biology subject and students/teachers’ digital skills, facilitating the
implementation of inter- and transdisciplinary activities with actions to
motivate high school students for learning and research activities.

4. The validation of the effectiveness of the Pedagogical Model for
Using ICT Tools in the Biology Subject in the Context of Developing High
School Students’ Motivation for Learning and the developed Methodology
was achieved by conducting the pedagogical experiment over two years
(2021-2022, 2022-2023) on a sample of 167 high school students. The
statistical analysis of the results of the pedagogical experiment conducted
using Wilcoxon and y* tests for independent samples demonstrated
significant differences between the experimental and control samples in
relation to the post-experimental values of high school students' motivation
for learning, as a result of using ICT tools in the Biology discipline. The
Cramer's V effect size coefficient, calculated for the y? test of association
or independence, was found to be medium to strong or strong, which
demonstrates the efficiency of the Pedagogical Model and the
Methodology developed on high school students’ motivation values in the
Biology discipline facilitated by the integration of information and
communication technologies into the teaching process.

5. The validation of the Pedagogical Model involves the conscious
choice of hardware and software resources in accordance with students’
age characteristics. Monitoring the application of digital resources and
constant management of the impact of these tools on learning motivation
depends on teachers’ professional skills, teachers who are capable of
ensuring the efficiency of the Methodology of the developed Pedagogical
Model.

6. The spectrum of teaching resources in the Biology subject
regarding the efficient integration of information and computational
technologies in the teaching approach was expanded by publishing the
guide [29] and creating the online ProBiologic Rythm journal [23, 24, 25].
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7. The completion of all stages of the research led to the
achievement of the purpose, objectives and the full resolution of the
research problem, which consists in establishing scientific and
methodological benchmarks for the application of information and
communication technologies in the teaching process with beneficial results
on the values of high school students’ motivation for learning by applying
the Model for Using Information and Communication Technology (ICT)
Tools in Biology in the Context of Developing High School Students’
Motivation for Learning and its implementation Methodology.

The results obtained in the process of solving the research
problem, achieving the purpose and objectives of the research were
published in a number of scientific and didactic works.

Based on the conclusions formulated, the following
recommendations are made:

1. It is recommended to continuing education centers, specialized
departments to develop methodological supports for the implementation of
ICT tools in the Biology subject based on the Pedagogical Model for Using
Information and Communication Technology (ICT) Tools in Biology in the
Context of Developing High School Students' Motivation for Learning.

2. Application of the Pedagogical Model for Using Information
and Communication Technology (ICT) Tools in Biology in the Context of
Developing High School Students' Motivation for Learning and of the
Methodology created in the development of new teaching materials in
Biology (including digital), in the writing of new textbooks in the Biology
school discipline, including within the conceptualization of the new
Biology curriculum.

3. Expanding the theoretical and praxiological foundations of the
Pedagogical Model for Using Information and Communication Technology
(ICT) Tools in Biology in the Context of Developing High School Students’
Motivation for Learning in related research fields (bioinformatics,
biophysics, biochemistry, etc.).

4. Dissemination of research results within the initial training of
students and master's students in the Biology Didactics discipline and
within the pedagogical internships.

27



10.

11.

12.

13.

BIBLIOGRAPHY

ATKINSON, C. Beyond Bullet Points, 3rd Edition. Using Microsoft PowerPoint
to Create Presentations That Inform, Motivate, and Inspire. Washington:
Copyright. 2012. ISBN: 978-0-7356-2735-2.

CABAC, V. Modalitatile de formare si dezvoltare a competentelor profesionale
in medii digitale. In: Proceedings of the conference "The use of modern
educational and informational technologies for the training of professional
competences of the students in higher education institutions”. December 7-8,
2018, Balti, Moldova, pp. 6-13. ISBN: 978-9975-3276-0-2.

Cadrul de competente digitale al cadrelor didactice din educatie. DigCompEdu.
A probat prin ordinul Ministerului Educatiei, Culturii si Cercetrii, nr. 1110 din
04 septembrie 2023. [online]. Chisindu: 2023 [citat 15.08.2024]. Disponibil:
https://tb.gy/6x9w0a.

CATOR, K., SCHERER, M. Transforming Education with Technology A
Conversation with Karen Cator. [n: Educational leadership: journal of the
Department of Supervision and Curriculum Development, N.E.A. 2011, nr. 5
(68), pp. 16-21. ISSN 0013-1784.

CHIRIAC, L., GLOBA, A. Integrarea evaludrii interactive in procesul de
studiere a cursului universitar "Tehnici de programare". In: Studia Universitatis,
Stiinte ale Educatiei. 2017, nr. 9(109), pp. 87-92. ISSN: 1857-2103.

CONSILIUL UNIUNII EUROPENE. Recomandarea Consiliului din 23
noiembrie 2023 privind imbundtdtirea furnizarii de aptitudini si competente
digitale in educatie si formare, din 23 noiembrie 2023. C/2024/1030. [accesat la
15.08.2024]. Disponibil: EUR-Lex - 32024H01030 - RO - EUR-Lex (europa.cu).
COROPCEANU, E., PLACINTA, D. Aplicatiile Web 1n procesul educational la
biologie din perspectiva dezvoltirii competentei digitale; In: Univers pedagogic.
Revista stiintifica de pedagogie si psihologie, Categoria C, 2017, nr. 1(53). pp.
104-111. ISSN 1815-7041.

COSCODAN, D., MOSANU-SUPAC, L. Ghid - online pentru profesorii de
biologie. In: Materialele conferintei republicane a cadrelor didactice, 1-2 martie
2019. Vol. Il — Didactica stiintelor naturii. Chisinau: UST, 2019. pp. 128-133.
ISBN 978-9975-76-268-7.

CORLAT, S., KARLSSON, G., BRAICOV, A. s.a. Metodologia utilizarii
Tehnologiilor Informationale si de Comunicatie in invagamdntul superior. Ch.:
UST, 2011. 204 p. ISBN 978-9975-76-070-6.

CRISTEA, 1. Aplicarea TIC la predarea biologiei. in: Revista de Stiintd, Inovare,
Culturd si Arta ,, Akademos. 2011, nr. 2 (21), pp. 95-96. ISSN 1857-0461.

DINA, I., DINA, H. Internet of Things Technology based on LoRaWAN
Revolution. In: 2019 10th International Conference on Information and
Communication Systems (ICICS), Irbid, Jordan, 2019, pp. 234-237 [accesat
16.08.2024]. Disponibil: Doi: 10.1109/IACS.2019.8809176.

EZEKOKA, G. K. Integrating ICT in the teaching of difficult concepts in biology
in secondary schools in Imo state. In: Journal of Educational Media &
Technology. 2010, no. 12(1), pp. 45-49. ISSN: 0189-7012.

FULLAN, M., QUINN, J., MCEACHEN Joan, Deep Learning: Engage the
World Change the World. Description: Thousand Oaks, California: Crowin,

28



https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32024H01030

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2018. ISBN: 9781506368580.

GARRAWAY-LASHLEY, Y. Integrating computer technology in the teaching of
Biology. In: International Journal of Biology Education. 2014, no. 3(2), pp. 13-
30. [citat 16.08.2024]. ISSN: 2169-3908. Disponibil:
DOI: 10.20876/ijobed.93986.

GREMALSCHI, A. Modernizarea invatamantului preuniversitar prin
implementarea pe scara larga a tehnologiei informatiei si a comunicatiilor. In:
Didactica Pro..., revista de teorie §i practica educationala. 2010, nr. 6(64), pp.
2-5. ISSN: 1810-6455.

GUTU, VI, Bucun. N., GHICOV, A. [et al)]. Cadrul de referint al
Curriculumului National. coord.: Lilia Pogolsa, Valentin Crudu. Chisinau:
Lyceum, 2017. 104 p. ISBN 978-9975-3157-7-7.

JOHNSON, D.W., JOHNSON, R.T., HOLUBEC, E.J. Circles of learning:
Cooperation in the classroom (4th ed.). Edina: MN: Interaction Books, 1993. 229
p. ISBN: 978093960312.

KAFAL Y. B., RESNICK, M. Constructionism in practice. designing, thinking,
and learning in digital world. Copiring 1996. 340 p. ISBN: 0805819851.
KHVILON, E., PATRU, M. Information and communication technology in
education: a curriculum for schools and programme of teacher development.
Division of Higher Education UNESCO, 2002. France [oline] 150 p. [citat
16.08.2024]. Disponibil: https://unesdoc.unesco.org/ark:/48223/pf0000129538
20 MASLOW, A. H. Motivatie si personalitate. Bucuresti: TREI, 2013. 568 p.
ISBN: 978-973-707-905-3.

MCCLELLAND, D. C., BURNHAM, D. H. Power is the Great Motivator,
Harward Business Review. Copyringht 2008. Havard Busness School Publishing
Corporation. ISBN-13:978-1-4221-7972-7.  Russu C., Management, Editura
Expert, Bucuresti, 2000, p,123-129.

OLDHAM, V. Effective use of ICT in secondary science: guidelines and case
studies. In: School Science Review. 2003, no. 84 (309), pp. 53-60. ISSN 0036-
6811.

PLACINTA, D., COROPCEANU, E. Online biology journal Ritm ProBiologic—
a teaching/learning strategy in the biology discipline. In: Annales Universitatis
Paedagogicae Cracoviensis, Studia ad Didacticam Biologiae Pertinentia 11
(2021). ISSN 2083-7276 DOI 10.24917/20837276.11.6.

PLACINTA, D. Revista online de biologie — mediu motivational prin experienta
mediatica. In: ACTA ET COMMENTATIONES, Seria Stiinte ale Educatiei. 2018,
nr. 3(14). Categoria C. Chisinau. pp. 163-174. ISSN 1857-0623.

PLACINTA, D. Digital technologies in the biology learning process. In
culegerile de articole Cyuacna Oceima: Cmpameeii ma Texnonocii
Hasuanns. Ilepescnas (Kuis. 0on.): 2022. 494 c. pp. 460-467. ISBN 978-
617-7747-58-0.

PLACINTA, Daniela, COROPCEANU, Eduard. Investigation of the
physiological processes of the human body with the help of digital sensors within
biology lessons. fn culegerile de articole Haykosuii uaconuc Hayionansnozo
nedaeoziunozo yHisepcumemy imeni M. I1. [lpacomanosa (Kuig). Bunyck 3K
(147) 22:2022. 487 c. pp. 17-21. ISSN 2311-2220.

PRENSKY, M. Digital Natives, Digital Immigrants. in: MCB University Press,

29



http://dx.doi.org/10.20876/ijobed.93986
https://unesdoc.unesco.org/ark:/48223/pf0000129538

28.

29.

30.

31.

32.

33.

34.

35.

2001, vol.9, noS5, p.1-6. ISSN 0264-1615.

Revista online Ritm  ProBiologic  [citat 18.01.2025].  Disponibil:
https://sites.google.com/view/ritmprobiologic

SOCHIRCA, Elena; PLACINTA, Daniela; CHISCA, Diana; ROTARI,
Natalia. Ghid de implementare a tehnologiei STEM si utilizare a senzorilor in
domeniul Stiinte ale naturii (Geografie, Biologie, Chimie). Ciclul liceal.
Chisinau, 2022. 69 p. ISBN 978-5-88554-079-7.

STARICOV, E. Conditii psihopedagogice de formare a motivatiei invatarii la
studentii din domeniul pedagogic: tz. de doct. in pedagogie. Chisinau, 2015. 174
p-

Strategiei de dezvoltare ,,Educatia 2030” si a Programului de implementare a
acesteia pentru anii 2023-2025. Legea nr. 136/2017 cu privire la Guvern In:
Monitorul Oficial al Republicii Moldova, 2017, nr. 252, art. 412. [citat:
15.08.2024 ] Disponibil: subiect-02-nu-900-mec-2022 _1.pdf (gov.md).
TRUMPER, R. Factors Affecting Junior High School Students’ Interest in
Biology. In: Science Education International. Vol. 17, No. 1, March 2006 pp. 31-
48. [citat 19.08.2024]. ISSN: 1305-8223. Disponibil: https://shorturl.at/9sL.6Y .
VIAU, R. La motivation dans la création scientifique. Canada: Presses de
I'Université du Québec, 2007. 182 p. ISBN :9782760521841.

VROOM, V. Work and motivation. NY: Josey-Bass a John Wiley brand, 1994.
398 p. ISBN: 978-0787900304.

VUORIKARI, R., KLUZER, S., PUNIE, Y. DigComp 2.2: The Digital
Competence Framework for Citizens - With new examples of knowledge, skills
and attitudes, EUR 31006 EN, Oficiul pentru Publicatii al Uniunii Europene,
Luxemburg, 2022, ISBN 978-92-76-48883-5, doi:10.2760/490274, JRC128415.

LISTA PUBLICATIILOR AUTORULUI LA TEMA TEZEI
Articole in reviste nationale acreditate (categoria C)
COROPCEANU, Eduard; PLACINTA, Daniela. Aplicatiile Web in procesul
educational la biologie din perspectiva dezvoltarii competentei digitale; 2017. Univers
Pedagogic. Nr. 1. (53). ISSN 1815-7041 Categoria C. P. 104-111.
PLACINTA, Daniela. Revista online de biologie — mediu motivational prin
experienta mediatica. In: ACTA ET COMMENTATIONES, Seria Stiinte ale Educatiei.
2018, nr. 3(14). ISSN 1857-0623 Categoria C. P. 163-174.
Articole in reviste nationale acreditate (categoria B)
PLACINTA, Daniela, COROPCEANU, Eduard. Valorificarea instrumentelor TIC in
dezvoltarea competentelor de investigare a proceselor biologice la liceeni. in: Studia
Universitatis Moldaviae, Seria Stiinte ale educatiei. 2018, nr.5 (115). CZU: 371.88-
057.874(004.9:57). Categoria B. P. 98-106.
PLACINTA, Daniela, COROPCEANU, Eduard. Proiectele STE(A)M — fundament al
invatarii active. in: ACTA ET COMMENTATIONES, Seria Stiinte ale Educatiei.
2020, nr. 2(20). ISSN 1857-0623. Categoria B. P. 13-23.
BRINZA, Lilia, PLACINTA, Daniela, ALUCHI, Nicolae, CHIRIAC, Eugenia,
GRIGORCEA, Sofia, NEDBALIUC, Boris. STE(A)M prin prisma arborelui de
cafea” activitate extracurs in cadrul cercului ,Botanistul. In: ACTA ET
COMMENTATIONES, Seria Stiinte ale Educatiei. 2024, nr. 3(37). ISSN 1857-0623.
Categoria B. p. 106-122.

30


https://sites.google.com/view/ritmprobiologic
https://gov.md/sites/default/files/document/attachments/subiect-02-nu-900-mec-2022_1.pdf
https://shorturl.at/9sL6Y

10.

11.

12.

Articole in reviste stiintifice de peste hotare

PLACINTA, Daniela, COROPCEANU, Eduard. Laboratory Works with Digital
Resources —Motivative Means of Research for High Schools Pupils in Biology.
Annales Universitatis  Paedagogicae Cracoviensis. Studia ad Didacticam Biologiae
Pertinentia 10 (2020). III. Reserch on practical cases, didaqactics of biology and
sciences. ISSN 2083-7276. DOI 10.24917/20837276.10.12.

PLACINTA, Daniela, COROPCEANU, Eduard. Online biology journal Ritm
ProBiologic— a teaching/learning strategy in the biology discipline. Annales
Universitatis Paedagogicae Cracoviensis, Studia ad Didacticam Biologiae Pertinentia
11 (2021). ISSN 2083-7276 DOI 10.24917/20837276.11.6.

PLACINTA, Daniela, COROPCEANU, Eduard. Investigation of the physiological
processes of the human body with the help of digital sensors within biology lessons. in

culegerile de articole Haykosuii uaconuc Hayionanenozo  nedazociunozo
yrieepcumemy imeni M. I1. J[pacomanosa (Kuig). Bunyck 3K (147) 22: 2022. 487 c.
pp. 17-21. ISSN 2311-2220.

Articole in culegeri stiintifice internationale (peste hotare)
PLACINTA, Daniela. Digital technologies in the biology learning process. In

culegerile de articole Cyuacna Ocsita: Crparerii Ta Texnosnorii Hauanus. [lepescias
(KuiB. 0011.): 2022. 494 c. pp. 460-467. ISBN 978-617-7747-58-0.

Articole in lucririle conferintelor stiintifice internationale (Republica Moldova)
PLACINTA, Daniela, COROPCEANU, Eduard. Pagina web in exersarea
competentelor mass-media la biologie, pentru elevii invatamantului general.
Proceedings of the Conference on Applied and Industrial Mathematics. CAIM 2018:
Communications in Education, Chisinau, Moldova, September 20-23, 2018. Chisinau:
Tiraspol State University, 2018. -225 p. ISBN 978-9975-76-247-2. P. 181-196.
PLACINTA, Daniela. Activitati si produse de invatare STEM la disciplina biologie in
invatamantul general. In: Materialele conferintei stiintifice internationale ,, Cultura
cercetarii pedagogice: provocari si tendinte contemporane”, Editia I-a, 5 - 6 iunie,
2021, Chigindu— Chisindu : UST, 2021. pp. 149-156. ISBN 978-9975-76-345-5.
PLACINTA, Daniela. Tehnologiile informationale si comunicationale (TIC),
elemente inter i transdisciplinare in predarea biologiei. In: Abordari
inter/transdisciplinare in predarea stiingelor reale, (concept STEAM), Ed. Editia a 4-a,
27-28 octombrie 2023, Chisinau. Chisindu: CEP UPSC, 2024, Editia 4, pp. 520-523.
ISBN 978-5-86654-132-4. DOI: https://doi.org/10.46727/c.steam-2024. p. 520-523.

Articole in lucririle conferintelor stiintifice nationale cu participare
internationala
PLACINTA, Daniela. Metodologia proiectelor STE(A)M 1in cadrul orelor de biologie
in invatimantul general. in: Materialele conferingei stiintifice nationale cu participare
internationald Invatamant Superior: Traditii, Valori, Perspective. Chisinau: 29-30
septembrie 2020. ISBN 978-9975-76-361-5.

31



ADNOTARE
Placinta Daniela
Valorificarea instrumentelor TIC la disciplina Biologie in contextul dezvoltarii motivatiei
pentru invitare a liceenilor
Tezi de doctor in stiinte ale educatiei. Chisiniu, 2025
Structura tezei: Teza cuprinde introducerea, urmata de 3 capitole in care se regdsesc: 49 de figuri i 19
tabele, inclusiv, concluzii si recomandari, 117 de pagini de text de baza, bibliografie reprezentatd de 219
de surse, 6 anexe. In baza cercetarilor la tema tezei au fost publicate 40 de lucrari.
Cuvinte-cheie: valorificarea instrumentelor TIC, motivatie pentru invitare, invatimant liceal, didactica
biologiei, model pedagogic, metodologie, experiment pedagogic, validarea modelului pedagogic.
Scopul lucririi: elaborarea bazei teoretice si metodologice de implementare a Modelului axat pe
valorificarea instrumentelor TIC la disciplina Biologie, pentru a spori motivatia invatarii elevilor liceeni.
Obiectivele cercetirii: determinarea caracteristicilor psihologice ale liceenilor pentru invatare;
identificarea resurselor TIC si aplicabilitatea lor in procesul didactic la disciplina Biologie; determinarea
valorilor motivatiei pentru invatare a liceenilor la disciplina Biologie prin instrumentele TIC; stabilirea
aspectelor metodologice si elaborarea modelului de valorificare a instrumentelor TIC in contextul
dezvoltarii motivatiei pentru invatare a liceenilor la disciplina Biologie; fundamentarea metodologiei de
valorificare a instrumentelor TIC in contextul dezvoltarii motivatiei pentru invétare a liceenilor la disciplina
Biologie; validarea eficacitatii pe cale experimentald a modelului de valorificare a instrumentelor TIC in
contextul dezvoltarii motivatiei pentru invatare a elevilor liceeni la disciplina Biologie.
Noutatea si originalitatea stiintificA se axeazd pe justificarea conjuncturii dintre instrumentele TIC,
valorificate in procesul educational la biologie si actiunea acestora asupra motivatiei invatarii elevilor
liceeni in baza Modelului de valorificare a instrumentelor TIC in contextul dezvoltdrii motivatiei pentru
invdtare a liceenilor la disciplina Biologie.
Rezultatele obtinute care contribuie la solutionarea problemei stiintifice rezida in stabilirea reperelor
stiintifice si metodologice de aplicare a tehnologiilor informationale si comunicationale in procesul didactic
cu rezultate benefice asupra motivatiei pentru invitare a elevilor liceeni fapt ce a condus la elaborarea
Modelului de valorificare a instrumentelor TIC in contextul dezvoltirii motivatiei pentru invdtare a
liceenilor la disciplina Biologie si a metodologiei de implementare a lui care a contribuit la solutionarea
coerentei dintre valorificarea instrumentelor TIC §i mérirea valorilor motivatiei pentru invitare a elevilor
liceeni la disciplina biologie cat si la eficientizarea procesului didactic la aceasté disciplina scolara.
Semnificatia teoretici consta in determinarea noilor puncte de vedere asupra posibilitatilor de consolidare
a tehnologiilor informationale si comunicationale cu modalitatile de stimulare a motivatiei pentru invitare
din perspectiva procesului didactic la biologie in invatimaéntul liceal; In baza conceptelor praxiologice si
validarea Modelului de valorificare a instrumentelor TIC in contextul dezvoltdrii motivatiei pentru invitare
a liceenilor la disciplina Biologie, se propun repere metodologice, strategii de implementare, concluzii si
recomandari care pot duce la formularea unor noi obiective pe domenii inrudite de cercetare.
Valoarea aplicativii a lucririi rezultd in metodologia elaboratd pentru aplicarea Modeluiui de valorificare
a instrumentelor TIC in contextul dezvoltirii motivatiei pentru invdtare a liceenilor la disciplina Biologie
si mdrirea complexului instructiv-metodic la disciplina Biologie care se implementeazi in mai multe licee
din Republica Moldova urmare a cursurilor de formare continua a cadrelor didactice referitor la integrarea
TIC in procesul didactic la Biologie; a fost elaborat Ghidul de implementare a tehnologiei STEM si utilizare
a senzorilor in domeniul Stiinte ale naturii (din perspectiva Biologiei); a fost largit spectrul de instrumente
digitale care pot fi aplicate la lectiile de Biologie (de exemplu, revista online Ritm ProBiologic care
promoveazd caracterul atractiv si motivational al stiintei Biologia).
Implementarea rezultatelor stiintifice obtinute s-a realizat pe doua dimensiuni: (1) desfasurarea
experimentului pedagogic in cadrul IP Liceul Teoretic ,,Alecu Russo”, s. Cojusna, raionul Striseni, timp de
doi ani; (2) sesiuni de formare profesionald continua pentru cadrele didactice de biologie, organizate de
citre Centrul de Formare Profesionala Continua UST (etapa preliminard) si de cdtre AO ,Inovatie in
Educatie de Performanta”, RM.
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AHHOTAIIIA

IlnaunnTa Jannaena
Hcnonb3opanne cpencTs HKT B aucnunanAe BHOTOTAS B KOATEKCTe PA3BATHA MOTHBAIHH 00YIeHHA ¥
JIHIEHCTOB
JEccepTanEs cTeleHH JOKTOPA NeJaroradecknx Hayk. Knmunes, 2025
CTpyKTypa AHccepTanul: JlccepTamisi BKIOYAeT BBEJEHHE, 32 KOTOPBIM CIeIYIOT 3 TIAaBBl, cojpepikamue 49
PHCYHKOB I 19 Tabmmi, B TOM HIHCTIe, BEIBOAB H peKOMeHIaIHH, 117 cTpaHHI OCHOBHOTO TeKcTa, GHnémmorpadio,
TpeJICTaBIeHHyIO 219 HCTOYHHKaMH, 6 IpHIoKeHId. Ha oCHOBe pe3yIbTaToB HCCIeJOBAHHS II0 TeMe JHCCepTALHH
ony0nnKoBaHo 40 Hay4HEIX paboT.
KioueBple €10Ba: HCIONb30BaHHe cpencTB KT, moTHBalus K o0ydeHHIO, cpellHee INKOJIbHOE 00pa3oBaHIE,
IMIAKTHKa OHOJOTHI, TeJarormdeckas Mozeidb, MeTO[NKA, IeJarorHyeckiil 3KCIepHMeHT, BalijaIia
Te/larorH9ecKoll MozJIemL.
Ieas padoThl: pa3paboTKa TeOPETHYECKOI H METOI0I0THIEeCKON OCHOBBI pean3aluH Moienn opHeHTHPOBaHA Ha
ucrons3oBanne cpegcrs KT B jucnummHe BHomornd, ¢ Ieibio NOBBINEHIS ydeOHOI MOTHBAITHI
CTapIIEKIaCCHUKOB.
3agavuA HCCIeToOBAHASA: OIpe/IeNeHNe IICHXO0IOIUeCKIX 0co0eHHOCTe ! 00YdeHNA CTapIIeKIACCHIKOB; BHIABIEHIIE
pecypcoB KT M HX NMPHMEHHMOCTH B MIJAKTIMECKOM IpoIlecce N0 MICHMIITHHE «BHOTOTIA»; OmpeeneHHe
3HAYeHHI MOTHBALHH 00y4eHHA CTapIIeKIacCHHKOB 0 TpenMeTy «bHolorma» cpeacrsamu HKT; ycTaHOBIeHHe
MeTOH0IOTHIeCKHX aCIeKTOB I pa3paboTka MoJIeMI HCIOIb30BaHMId HHCTpyMeHToB [IKT B KOHTEKCTe pa3paboTKi
MOTHBaIUH O0ydeHHs [HIEHCTOB IO MpeIMeTy bBromorns; ©00OCHOBAaHIE METONONIOTHI HCIIONb30BaHHA
nHeTpyMeHToB HKT B KOHTeKcTe pa3paboTKHM MOTHBAIMH OOyUeHHS JHLEHCTOB 10 BHOMOTHH; MOJTBep:KIeHHe
3KCIePHMEHTATEHOH 3()(eKTHBHOCTH MOIeNH HCIONB30BAHHA HHCTpyMeHTOB IIKT B KOHTeKCIe Da3BHTHA
MOTHBALIH K 00y4eHHEO JTHIEHCTOB I10 BHONOTHH.
Hayusasi HOBH3HA H OPHIHHAJIBHOCTH 3aKII0UaeTCA B OOOCHOBAHHMH CBA3H Mexay cpexctBamu HKT,
HCIIOMB3YeMBIMII B 00pa3oBaTeNbHOM IIpoliecce MO OMOMOTHH, H HX BO3flefiCTBIEM Ha MOTHBAINIO OOYUeHIA
CTApIIEKIACCHIIKOB Ha OCHOBE Modemt ucnons3oeanua cpedcme HKT e xonmexcme gopanipoearntia monugajiit
00VHeHIA CINAPULEKTACCHIKOE 110 ipedMeny Duono2uA.
IoryueHHbIe Pe3yIbTATHI, CIHOCOGCTBYIONIHE PEMIeHHI0 HAYYHOH MPo6/IeMbl, 3aKIH0YAIOTCA B YCTAHOBIEHHH
HAYJHO-MeTOHYECKIX OPHEHTIHPOB MpIMeHeHHS HH(MOPMAIIOHHO-KOMMYHHKAIIHOHHBIX TEXHOJIOIHH B yueOHOM
Tpolecce ¢ MOJI0KHTEIBHBIM BO3/ICHCTBIEM Ha y4eOHYI0 MOTHBAIIMIO YYAIIHXCS CTAPIIIX KJIacCoB, YTO IPHBEIO K
paspaboTke Modeiu tcnonvzoeania cpeocme HKT ¢ koumexcime gopmupoeania yuebroil MOMusayuu yiaujuxca
cmapwux kiaccog no npeomenty Buonocus, W METOINKH ee peaNH3allHH, YTO CIOCOGCTBOBANO pa3pelleHIIo
B3AHMOCBA3H MEXKIy HCIoNb30BaHReM cpeicIs HKT U MoBEHIIICHHeM 3HAYeHHI yqeOHOH MOTHBAIMI YYAIIMXCA
CTapIIIX KIaCCOB IO MpeaMeTy , bromorus”.
TeopeTHUecKas 3HAYEMOCTH COCTOHT B OIPEJIEN€HHH HOBBIX TOUEK 3PEHIA HA BO3MOXKHOCTH OOBeIUHEHHA
HH(OPMAIIOHHO-KOMMYHHKAIHOHHBIX TeXHOJOTHIT cO crocobaMi CTHMYTHPOBAHHA MOTHBAIIN K OOYUeHIHIO ¢
TOYKI 3PeHHA IpoIlecca 00y4eHHA OHONOTHHI B cpelHeil mKonle; Ha OCHOBe IPAaKCHOJOTHYECKHX KOHLIIIHI I
nposepki Mozem Henosb3oBaHuA cpencTs HKT B KOHTeKcTe (popMHPOBAHIA MOTHBAIIH K 0OYYEHINO yUallIXCA
CTApIINX KJIACCOB 1O IHCIUILINHE «BHONOTHA» MPeUI0XKEeHbl MEeTOIHYECKHE OPHEHTHPHI, CTPATETHH BHEJIPEHHA,
BBIBOJIET 11 peKOMeHJIAIIHH, KOTOpEIe MOTYT MPHBECTH K (hOPMYIHPOBAHIIO HOBHIX Ileeil B CMeKHEIX 00IaCTAX
HCCIIEJ0BAHMIL
IIpEKIANHAA HeHHOCTh PAGOTHI 3aKIIOUaeTCA B pa3paboTaHHOII MeToNKe NPHMEHEHHA Modenu ucnois308aua
cpedcme HKT e kormexcnie GopMuposarts Momueayuu K o6ydenuio yuawjuxcs tuyeee no npedvemy Buonocus n
paciIpeHIs y4eOHO-MeTOMHYECKOro KOMILIEKCAa 10 IpeaMeTy BHOIOrmuA, KoTopas BHeIpAeTcA B pAIe JHMLEeB
PectyOmukn MongoBa o HTOraM KYpCoB HOBBIIIEHHA KBaTH(HKAINN y4HTeIell o BorpocaM HHTerpamnn HKT B
mporiecc obyueHns mpenMery bromorms; paspabotaHo Pykesodcmeo no enedpenuio STEM-mexneonoeuii u
UCNONL30BAHUIO CEeHCopos &8 D5,7HCYHH eCcmecnI8eHHbIX HAaYK (c mouru 3pensa 61[0102!11!); Pacumpnncsl CHeKTp
IH(POBBIX HHCTPYMEHTOB, KOTOPEIE MOXKHO MPHMEHATh HA YPOKAX OHOIOTHH (HAIIPUMEP, uHInepHem-xcyprai Ritn
ProBiologic, nponaras INpyOIIIII IPHBIEKATeIbHY0 H MOTIBUPYIOIIYIO IIPHPOIY OHOJIOIIYecKOil HayKH).
Peaqm3anasi MoTydeHHBIX HAYIHBIX Pe3yIbTATOB OCYMECTBISIACH B IBYX HANPABJIeHHAX: (1) mpoBereHme
IeJarorHIeckoro 3KCIepHMeHTa B paMkax Teoperndeckoro mumes HIT «Anexy Pyccon, ¢. KoxymHa, CTpameHcKiit
paiioH, CPOKOM Ha J[Ba Toj1a; (2) KypCHI IIOBBIIIEHIIA KBATH(IKALIIH yaHTe el OHONOTHH, OpTraHH30BaHHbIE IleHTpoM
TloBemrenns Keamipukanun Ilexarormdecknx PaGorHuxoB TI'Y (mpezapuTernbHBIll sTam) u OO ,JInovatie in
Educatie de Performanta” PM.
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ANNOTATION
Placinta Daniela
Use of ICT Tools in the Biology Subject in the Context of Developing High School Students'
Motivation for Learning
Doctoral Thesis in Education Sciences. Chisiniu, 2025
Thesis structure: The thesis includes the introduction, followed by 3 chapters in which are found:
49 figures and 19 tables, including, conclusions and recommendations, 117 pages of basic text,
bibliography represented by 219 sources, 6 annexes. Based on the research on the topic of the
thesis, 40 works were published.
Keywords: use of ICT tools, motivation for learning, high school education, Biology teaching,
pedagogical model, methodology, pedagogical experiment, validation of the Pedagogical Model.
Purpose of the research: development of the theoretical and methodological basis for the
implementation of the Model focused on the use of ICT tools in the Biology subject, in order to
increase the learning motivation of high school students.
Research objectives: determining the psychological characteristics of high school students for
learning; identifying ICT resources and their applicability in the teaching process in the Biology
subject; determining the values of high school students' motivation for learning in the Biology
subject through ICT tools; establishing methodological aspects and developing a Model for using
ICT tools in the Biology subject in the context of developing high school students' motivation for
learning; substantiating the Methodology for using ICT tools in the Biology subject in the context
of developing high school students' motivation for learning; experimentally validating the
effectiveness of the Model for using ICT tools in the Biology subject in the context of developing
high school students' motivation for learning.
The scientific novelty and originality focus on justifying the connection between ICT tools, used
in the Biology educational process, and their action on the learning motivation of high school
students based on the Model for using ICT tools in the Biology subject in the context of developing
high school students' motivation for learning.
The results obtained that contribute to solving the scientific problem reside in establishing
scientific and methodological benchmarks for applying information and communication
technologies in the teaching process with beneficial results on the learning motivation of high
school students, which led to the development of the Model for using ICT tools in the Biology
subject in the context of developing high school students' motivation for learning and its
implementation Methodology, which contributed to resolving the coherence between the use of
ICT tools and increase of the learning motivation values of high school students in the Biology
subject, as well as to make the teaching process more efficient in this school subject.
The theoretical significance consists in determining new points of view on the possibilities of
consolidating information and communication technologies with ways to stimulate motivation for
learning from the perspective of the Biology teaching process in high school education; based on
praxiological concepts and the validation of the Model for using ICT tools in the Biology subject in
the context of developing high school students' motivation for learning, there are proposed
methodological benchmarks, implementation strategies, conclusions and recommendations that
may lead to the formulation of new objectives in related research areas.
The applied value of the research results in the Methodology developed for the application of the
Model for using ICT tools in the Biology subject in the context of developing high school students’
motivation for learning and the increase of the instructional-methodological complex in the
Biology subject, which is implemented in several high schools in the Republic of Moldova
following the continuing education courses for teachers on the integration of ICT in the Biology
teaching process; There was developed the Guide for the implementation of STEM technology and
the use of sensors in the field of Natural Sciences (from the perspective of Biology); there was
expanded the spectrum of digital tools that can be applied to Biology lessons (for example, the
online ProBiologic Rythm journal which promotes the attractive and motivational nature of
Biology science).
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