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Abstract—The paper devoted to the problem of students' project
competency within the framework of STEM education. Project competency is
an important component of professional competency of a future specialist and is
applicable to designate professionalism. The article refers to the major features
of STEM education which serve as means of development of project
competency of students. Project competency means possession of special
knowledge, skills and abilities (to solve problems on the basis of putting
forward and substantiating hypotheses, to set an activity goals, to plan activities,
to collect and to analyze necessary information, to carry out an experiment, to
present research results). Authors conclude that STEM education provides the
development of students' project competency.
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1 Introduction

Education is a combination of development, upbringing, and training of students
which undergoes changes inevitably, adapting to the current situation in the world,
helping students to form necessary skills for their future profession. Development of
science leads to emergence of new areas of knowledge, there is an increasing need for
proactive, knowledgeable specialists [8].

STEM education deals with presentation of sciences, technologies, engineering,
and mathematics in such a combination which is necessary for full understanding of a
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subject and an effective future work. It provides students with the opportunity to
model their learning plan based on their interests, experience, and skills independently
[1, 9, 16]. Project competency is an integrative personality characteristic which is
expressed in readiness for independent theoretical and practical activities in creating
projects. STEM education lays the foundation for an independent person who
understands his / her own abilities and has initiative for project activities [6, 11, 24].

2 Methodology

It is necessary to identify its essence, scope, and main characteristics of STEM-
education for the further analysis and understanding of the opportunities provided by
it.

STEM stands for Science, Technology, Engineering, and Mathematics. Natural
sciences which include study of world and laws of physics, chemistry, and biology, as
well as the handling of facts, principles, and concepts inherent in these fields of
knowledge. Natural sciences form the basis of knowledge, which is formed in human
development and helps to generate new knowledge. Project process is carried out
based on natural sciences [5, 10, 21].

Process of project activity of students within the framework of STEM education
teaches them:

. To ask questions regarding the nature of the certain phenomena

. To create and to use models in order to demonstrate natural processes

. To plan and to conduct research

. To analyze and to interpret data using the skills of mathematical thinking
. To make explanations of processes and theories

. To enter into disputes, citing evidences

. To accumulate, to transform and to transmit information
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These tasks are performed within the framework of accepted concepts and
categories by natural science which are presented to students during the learning
process (for example, such categories as regularity, cause, effect, quantity, ratio,
energy, matter, structure, functions, stability, change, etc.).

STEM education is understood as teaching how to understand technology, how to
use it, and how to use it further in cognition. It implies that students have access for
receiving and processing data to various technical devices such as sensors, computers,
and so on. Students develop computational thinking, including steps of formulating a
problem, presenting solution, executing, and evaluating solution. Due to the diversity
of approaches, algorithmic techniques, logic and orderliness such thinking is
considered as fundamental skill for process of project activity of students within the
framework of STEM education [2, 7, 25].

Scientists [3, 13, 22] highlight that STEM education includes the basis of
knowledge embedded in objects created by man, and project process itself which is
limited by certain conditions, such as laws of nature, development of technology,
time, materials, environmental friendliness which are necessary for implementation of
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a project. STEM education uses scientific and mathematical concepts as well as and
mobile devices [12, 18]. Especially important is to use game technologies within the
framework of STEM education [17, 19, 20].

Project activity within the framework of STEM education allows:

1. To focus on the practical issues and problems (during the lesson students apply
scientific knowledge in practice, solving social, ecological, and environmental
issues)

2. To use the methods of engineering project process (students conduct their
preliminary study, rely on several options for resolving the situation, use methods
of statistics, analysis and optimization, taking into account not only the scientific
basis, but also social need which is essential for their work for practical
functioning)

3. To focus on involvement of students in practical studies (theoretical knowledge is
tested and demonstrated in several ways; students develop their project skills in
reproducing and using the laws of nature in laboratories);

4. To focus on productive teamwork (students are given opportunity to regulate their
work in group independently, to distribute responsibilities, to set up goals, to
analyze results, to work with each other)

5. To use qualitative scientific sources

Project activity within the framework of STEM education is integrated into the
content of practical tasks, the subject matter of which is determined by the training
program. Subject knowledge is given in the form of informational inclusion which
holds brief explanatory texts and links to selected information resources of Internet
which act as means of solving educational problem. Students will not be able to
complete tasks without meeting a new concept or formula. Therefore, information is
always given to students only after formulation of educational tasks for the solution of
which it is needed. This format of educational work determines the amount of
mastered content. It means that information becomes less, but the quality of its
“appropriation” by the students’ changes [4, 15, 23].

3 Materials and Methods

3.1  Participants

We conducted experimental work on the development of project competency in
2018-2019. Students of two universities (Moscow Pedagogical State University,
Moscow; Southern Federal University, Rostov-on-Don) participated in the study. The
total number of students was 207 (103 participants were in experimental group,
control group included 104 participants). Age range of the students was from 18 to 19
years.

270 http://www.i-jet.org



3.2 Activity

Students of experimental and control groups carried out research projects which
were aimed at the formation of scientific type of thinking. Students of control group
carried out projects within traditional method.

Formation of students' project competency of the experimental group was realized
within the framework of STEM education. Students' individual and group work was
organized. Students were provided with the infrastructure which was necessary for
realization of projects (equipment, computers, literature recourses, etc.). Project work
schedule was formed. Teachers served functions of project engineers and tutors.

Project activity within the framework of STEM education was aimed at:

1. Activation of cognitive activity of students
2. Creating conditions for rapid development of talented students

Project activity within the framework of STEM education contained study of the
discipline "Creative project”, which was implemented in the first course (at first and
second terms). During this course students carried out two creative team projects and
one individual project. Teachers delivered topics of projects and brief description of
the project assignment.

Students worked in mini groups of 3-5 people with a high degree of independence.
They completed tasks which were placed in electronic information environment.
Teachers played role of assistants, facilitators of group work. They monitored current
work of the students provided assistance and feedback. Teachers evaluated work the
of students in the electronic information environment in accordance with the system
of criteria.

Educational environment was focused on the practical activities of the students. It
was transformed to solve various problems easily. Educational equipment was
intended for the use by students for practical (laboratory) work.

3.3  Stages of realization of the project
Stages of realization of the project included:

1. Choosing of topics for creative projects and determining the terms of their
realization

2. Formation of project team

3. Choosing a team leader and distributing roles in the team

4. Attending consultations which were related to the upcoming implementation of the
project

5. Attending additional lectures and seminars on the topics which were necessary for
successful implementation of the project

6. Monitoring of the performance of the project

7. Providing a report on the work which was done
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3.4 Methods of assessment

Three methods of assessment were used. They were operational feedback, high-
quality ongoing assessment of each completed practical work, and criteria-based
assessment, which was based on the results of the final work of students. The main
form of assessment was formative assessment. It means that students received
assignments not for the purpose of checking of their knowledge and skills, but for the
purpose of checking of for their formation. Accordingly, errors were normal, and their
appearance was not met by a negative assessment, but by a positive feedback which
meant clarification of what needed correction and how to do it. Feedback was given
directly during the implementation of practical work to the group of students and
individually. Assessment of the results of each student’s work took place every
lesson. The results of work that students placed in the electronic informational
environment were evaluated. The main form was report on laboratory work, in which
answers to questions, results of assignments, experiments were recorded. It allowed to
evaluate knowledge and subject skills [14].

4 Results

Project competency is expressed in the possession of special knowledge, skills and
abilities (to solve problems on the basis of putting forward and substantiating
hypotheses, to set an activity goal, to plan activities, to collect and to analyze
necessary information, to carry out an experiment, to present research results). Project
competency is an indicator of personal development as a result of mastery of project
activities. Project competency includes information, research, and analytical
components. Information component involves ability to obtain information
concerning existing knowledge, and its generalization; to compilate of a stating nature
of the research topic; ability to work with educational literature, ability to use
directories and tables. Research component is expresses in preparation of an
experiment plan, forecasting its results, finding causal relationships, ability to conduct
observations, experiments, and formulating conclusions. Analytical component
involves analysis and critical assessment of existing knowledge, formulation of the
research problem based on identification of partially or completely unstudied aspects
of the research topic.

The practical implementation of the research process of evaluating of project
competency was carried out in the form of an analysis based on Likert scale. The
results of the study are presented in Table 1 and Table 2.
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Table 1. Level of project competency in the experimental and control groups at the beginning
of the experiment

Experimental group Control group
Project competency | Low level, % |Middle level,| High level, |Low level, %|Middle level,| High level,
% % % %
Information 40.5 38.4 21.1 39.7 39.4 20.9
component
Research component 56.0 28.2 15.8 37.2 38.9 23.9
Analytical component 56.6 29.8 13.6 44.1 34.8 21.1

Table 2. Level of project competency in the experimental and control groups at the end
of the experiment

Experimental group Control group
Project competency | Low level, % |Middle level,| High level, |Low level, %|Middle level,| High level,
% % % %
Information 12.9 37.5 49.6 41.2 384 20.4
component
Research component 8.1 26.8 65.1 34.6 42.9 22.5
Analytical component 5.6 27.4 67.0 42.7 36.7 20.6

Measuring of the level of project competency in the experimental group at the
beginning and at the end of the experiment revealed that the number of students who
have reached high level in the experimental group has increased significantly at the
end of the experiment. The number of students who have reached high level in the
control group hasn’t almost changed at the end of the experiment. It proves the
effectiveness of the experimental work.

5 Conclusion

Students' project activity within the framework of STEM education is focused on
solving of practical problems. Students' activities include complex interactions
between team members and are dependent on communication, planning, and ability to
work effectively in team. Project activity is a student-centered learning, in which the
role of the teacher shifts from the exclusive possession and dissemination of
knowledge to personal support and assistance in choosing tools and methods. We
consider that following the recommendations for implementation of students' project
activity within the framework of STEM education will increase the effectiveness of
students' project activity work. They include the following items:

1. Teachers should focus on the practical issues and problems while formulating
topics of the projects.

2. Students should be supplied with various technical devices such as sensors,
computers, electronic information environment, literature recourses and so on.

3. Subject knowledge should be given in the form of informational inclusion which
contains brief explanatory texts and links to selected information resources of
Internet.
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4. Teachers should focus the students on their teamwork to provide the effectiveness
of students' project work.

5. Teachers should provide necessary assistance to the students serving as tutors and
facilitators.

During the training students gain experience in project work in their future
profession, they understand the relationship of theory and practice and importance of
teamwork, and they also develop ability to complete the work to the end in time.
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