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Abstract

There are some trends currently being monitored in the country: interest in science studies and 
related professions is decreasing; unsatisfactory results of international student achievement 
research (PISA, TIMSS). In order to make students more interested in natural sciences and to 
motivate them to relate their life to STEAM activities, it is appropriate to encourage students to 
engage in independent research and to discover the joy of discovery. One of the ways to solve this 
problem is the students' practical experimental activity in the laboratories of University. In this way, 
students not only get to know the laws of science, new technologies, but also carry out experiments, 
research and projects.
The research analyses the usage of STEAM program “Cognition of Energy and Thermal Processes” 
for students of ninth (1st Gymnasium) grades in order to deepen and broaden the knowledge of 
natural science education, develop practical abilities of students and their scientific researcher's 
competence. Students are advised to do five experimental works in this field. The program engages a 
basic educational method – inquiry-based learning. The results of the pedagogical experiment and 
the questionnaire survey are discussed. It can be stated that educational experimental activities are 
necessary and useful for students. By using these experimental activities, students can be provided 
with educational material in an attractive form, which stimulates the interest in the subject. Program 
participants have deepened and expanded their knowledge of energy and thermal processes in 
nature. Students improved their competence in natural science research. They learned how to plan 
and perform experiments, acquired the ability to formulate hypotheses, to make assumptions, to 
analyse and explain results, and to formulate reasoned conclusions. Students acquired practical 
skills to work properly and safely with devices and tools (computer systems Nova 5000 and Xplorer 
GLX, temperature, humidity sensors, caliper, scales, etc.) Students liked to be young researchers; 
they felt the joy of discovery by practically experimenting and independently exploring natural 
phenomena. 
Keywords: experimental skills, science learning system, inquiry-based learning, STEAM education.  

Introduction

There is a great shortage of STEAM professionals in the labour market, so there is a 
need to educate young, gifted people who are ready to meet future challenges and be able 
to cope with them. It is not enough for a contemporary student to have only knowledge; 
modern education has to teach students to learn independently, to become responsible for 
their learning and development. The ability to solve problems - has become one of the 
essential features of employees, but critical thinking, creativity or teamwork – are not 
less important. The focus of educators is on the development of competencies. STEAM 
education is designed so that students have the knowledge and competencies to enter the 
labour market and can compete there. Contemporary trends in STEAM education include 
an integrated (Lamanauskas, 2010), interdisciplinary education that ignores the boundaries 
of subjects, providing interdisciplinary concepts for students to create a holistic view of the 
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world. Science, Technology, Engineering, Arts and Mathematics combine to educate the 
student in a holistic way.

Most educational strategists, scientists, and practitioners in advanced countries 
keep up-to-date STEM subjects and their teaching, taking into account the rapid change 
in the field of science and technology and the rise of interdisciplinary integration. Fan and 
Yu (2016) pointed out that STEM education was focused on curriculum reform in many 
countries. This is because a number of advanced countries have fully realized that students' 
academic performance in science, technology, engineering and mathematics determines 
the country's economic development and competitiveness.

Emphasis is placed on student-centred, constructivist education responding to the 
abilities of each student and suitable for all students. Worldwide practice uses various 
methods for updating and promoting STEM subjects. Many scientists suggested that 
inquiry-based learning strategy should be used to promote technology exploration, to 
practice teaching at a higher level, and strengthen the effect of STEM. According to many 
scientists, inquiry-based learning approach should be applied in schools (Abdi, 2014; 
Connor et al., 2015; DeJarnette, 2012; Erickson, 2013; Filippi & Agarwal, 2017; Kennedy 
& Odell, 2014; Kelley & Knowles, 2016; Krajcik & Delen, 2017; Lee, 2011; English, 2016; 
Stohlmann et al., 2012; Yakman & Lee, 2012; Lai, 2018; Gormally et al., 2009). Inquiry-
based learning strategy is closely linked to project-based learning approach, as students 
often need to look for information and perform a small “research” in their project. Research 
has shown that project-based learning approach can increase students' interest in STEM 
subjects; this way of teaching involves students in real problem-solving, collaboration 
and product development process. Using a project-based approach to learning improves 
students’ motivation and outcomes (Laboy-Rush, 2011), project-based education is more 
effective than traditional education approach (Han et al., 2016). Problem solving is a very 
important ability for the twenty-first century, so practitioners and researchers encourage 
the implementation of problem-based learning strategy in schools (U.S. STEM Task force, 
2014; Billiar et al., 2014; Brush & Saye, 2017; Harper, 2017; Honey et al., 2014; Kelley & 
Knowles, 2016; Horak & Galluzzo, 2017; Lou et al.,  2011).  The advantages of problem-
based learning are distinguished: students develop a broad and flexible knowledge; develop 
effective problem-solving skills; acquire lifelong learning skills; learn to collaborate 
effectively; become deeply motivated to learn. The problem-based learning creates a 
better approach to STEM subjects and encourages interest in STEM careers. Project-based 
learning allows students to acquire and apply integrated STEM knowledge. Scientists 
recommend using problem-based learning approach to integrated STEM subjects.

All these educational strategies can help us deliver deep and meaningful science 
education, increasing the interaction between the student and the concepts under 
investigation. It is obvious, that modern science education must be accepted as a bridge 
between scientific research and society, science education definitely is a core component 
of educatedness (Lamanauskas, 2007). 

Interactive, multimedia experience cannot replace the real laboratory work but can 
enhance the learning process of many students, help them find the relation between the 
theoretical principles and the observed behaviour in an easy and intuitive way (Avouris 
et al., 2001). Since science is an experimental science, the role of lab-work in science 
education has been often given attention by research studies (Bernhard & Norrköping, 
2001; Harms, 2000; Sassi, 2001). 
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Inquiry is an active learning process in which students answer research questions 
through data analysis. One might argue that the most authentic inquiry activities are 
those in which students answer their own questions through analysing data they collect 
independently. However, an activity can still be inquiry based when the questions and 
data are provided, as long as students are conducting the analysis and drawing their own 
conclusions.

Table 1 (Bianchi & Bell, 2008; Bell et al., 2005) presents the four-level model of 
inquiry (confirmation, structured, guided and open), which is used to assess instructional 
activities. 

Table 1 
Four-level Model of Inquiry

Information given to the student

Level of inquiry Question Procedure Solution

1 Given Given Given

2 Given Given Open

3 Given Open Open

4 Open Open Open

The four-level model illustrates how inquiry-based activities can range from highly 
teacher directed to highly student centred, based on the amount of information provided 
to the student. The salient feature of this model is the question, “How much information 
is given to the student?” Using this framework as a guide, lab activities can be designed at 
varying levels of inquiry, depending on wording and presentation. This model allows the 
teacher to tailor inquiry lessons to the particular readiness levels of the class. For instance, 
a Level 1 activity can become a Level 2 by having students complete it prior to learning 
the targeted concept, and a Level 2 activity can be revised easily to Level 3 simply by 
removing the procedural directions. The degree of complexity in an inquiry activity also 
varies, depending on the level of openness and the cognitive demands required.

Problem

In order to make students more interested in natural sciences and to motivate 
them to relate their life to STEAM activities, it is appropriate to encourage students to 
engage in independent research and to discover the joy of discovery. One of the ways 
to solve this problem is the students' practical experimental activity in the laboratories 
of University. Since Science is an experimental subject, the role of practical activities in 
science education is very important. Experimental activities are one of the main science 
teaching/learning methods.  One of these methods is inquiry-based learning, in which 
students answer the research questions through data analysis. This research analysed the 
usage of STEAM program “Cognition of Energy and Thermal Processes” for students of 
ninth (1st Gymnasium) grades in order to deepen and broaden the knowledge of natural 
science education, develop practical abilities of students and their scientific researcher's 
competence. 
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Research Focus and Aim

The focus of the research was science experimental activities. The main aim was to 
disclose the effectiveness of practical experimental work/activities in science teaching at 
an upper-secondary school (based on the students’ opinions).

Research Methodology 

General Characteristic

The research methodology is based on the provisions of the constructivist education 
theory underlying the structured, guided and open exploration as an effective educational 
technology, which promotes a positive attitude towards science, helps to apply the acquired 
knowledge in different situations, develops higher-level thinking skills, encourages active 
learning processes. There are different ways of adopting constructivism in the teaching and 
learning process (Bada, 2015; Steffe & Gale, 1995).

Sample

70 students of ninth (1st Gymnasium) grades from Šiauliai Adult School, S. 
Sondeckis Art Gymnasium, Romuva Gymnasium, S. Daukantas Gymnasium and S. 
Šalkauskis Gymnasium were involved in the experiment in 2018-2019. Analysing the 
results of the real education process reveals the effectiveness of practical experimental 
work. The educational process was based on the STEAM program Cognition of Energy 
and Thermal Process, which was based on inquiry-based learning. Students were advised 
to do five experimental works at level II, as structured exploration, and level III, as guided 
exploration. Experimental activities use an inquiry-based approach, based on a small-scale 
research activity.

STEAM Program “Cognition of Energy and Thermal Process” 

The program was aimed for students of ninth (1st Gymnasium) grades in order to 
deepen and broaden the knowledge of natural science education, develop practical abilities 
of students and their scientific researcher's competence, analysing energy and thermal 
processes and using advanced technologies in Šiauliai University laboratory.
The objectives of the program were:

• Be able to plan and perform experiments, analyse and explain results, formulate 
reasoned conclusions.
• Learn how to work with computer systems Nova 5000 and Xplorer GLX and other 
devices.
• Be able to evaluate the thermal expansion of solid bodies.
• Understand the concept of specific heat and analyse its dependence on substance 
features.
• Understand the essential features of phase transformations by determining the 
specific evaporative heat of water.
• Understand and analyse the heat exchange of the human body and the environment.
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Students were asked to perform five experimental works for 2 hours each. Works 
were done in groups of two. Experiments were carried out at Šiauliai University laboratory 
using the available equipment and tools. Some works have been done using computer-based 
training systems Xplorer GLX and Nova 5000. The content of the proposed experimental 
works has been aligned with the General Programs of Basic Education.

Students were mastering energy and thermal phenomena processes, starting with 
the study of the thermal properties of solid state (Work 1), the specific heat of the material 
(Work 2), continuing with the analysis of phase transformations and heat exchange 
processes (Work 3, 4) and completing with the analysis of the phases of energy (Work 5).

Experimental works were carried out at level II as a structured inquiry. Students 
were provided with a consistent workflow and a list of research tools. Based on the goal 
and working according to the given description, the students formulated and checked the 
hypothesis, made measurements and calculations, drew the appropriate graphs, made 
conclusions and generalizations. As the results of the proposed works are not known in 
advance, there was an opportunity for discussion in groups. Analysing and discussing 
results was effective when experiments were done in pairs. Students learned how to work 
with devices and tools, developed skills in experimentation, drawing and analysing graphs. 
Some of the experiments were offered at level III as a coordinated inquiry. The subject of 
the inquiry and a list of research tools were known to the students, but the workflow was 
not provided. Students formulated the hypothesis and planned the workflow themselves. 
Working in groups was effective because communication skills were developed when the 
right way of working was sought.

Instrument

In order to evaluate the students' opinion on this program a survey has been carried 
out. The specific statements that would become meaningful indicators for identifying 
students' general approach to experimental works were formulated in the questionnaire. 
The interval (five points) scale was used in the questionnaire. Questions or statements 
were coded on the 5-point Likert scale: "I totally agree", "I agree", "Doubt", "I do not 
agree", "I completely disagree" (or similar). At the end of the questionnaire, open-ended 
questions were asked, in which respondents were asked to express their opinion and 
expectations in writing. In order to process open-ended questions, multiple data reading 
and text comprehension have been used. Significantly similar expressions of respondents 
were combined into meaningful categories.

Statistical Data Analysis

Closed-ended questions were processed using statistical analysis techniques. Data 
were processed using the SPSS (Statistical Package for Social Sciences) software. Methods 
of descriptive statistical analysis were used for the analysis of the research data. In order to 
calculate the Positive Opinion Index (POI) for each statement of the questionnaire, the data 
on the interval scale was transformed into the ratio scale. The Positive Opinion index may 
vary from 0 to 1. If the positive opinion (PO) index is closer to the 1, then this statement is 
more significant, more important for the respondents. Differences in results across groups 
of respondents were tested by parametric hypotheses about group equality. 
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Research Results

It can be stated that experimental activity is a necessary and currently integral 
part of the educational process. By using the experiment, students can be provided with 
educational material in an attractive form, which stimulates the interest in the subject. 

The questionnaire survey of the respondents showed that the most important reason 
for the students to be interested in the subject matter is their interest in the subject. Positive 
opinion on this issue was PO = .87 (Table 2). In the students' opinion, rote learning from 
textbooks or notebooks does not produce good learning outcomes, PO = .10 (this is the 
weakest positive opinion in all groups). Respondents notice they need a lot of work in their 
lessons in order to succeed, PO = .71. To the question "What are the obstacles to better 
learning in science?” more than half of respondents said they are learning according to 
their capacity, PO = .53, or that they lack patience when they don't understand much, PO = 
.41. Other students lack the time to study science or devote too little attention to it because 
it is not interesting, PO = .30.

Table 2
Factors Defining Successful Subject Learning

Factors
Positive opinion

PO (N = 70)
The importance of interest in a subject .87
The importance of working a lot in a lesson .71
Learning according to their capacity .53
There is a lack of patience when much is incomprehensible .41
Science is not interesting .30
The importance of learning memorable from textbooks or notes .10

All students were satisfied and interested in all the experimental work (Table 3, PO 
= .96), there were no unresolved difficulties for them (PO = .66), they easily understood 
the experimental methods and workflow (PO = .73). Less than a third of students have 
done similar work at school during school hours (PO = .28) and a little over a third were 
familiar with tools and devices (PO = .30). The students indicated that the experimental 
activities are interesting and engaging; they would like to continue such activities in the 
future (PO = .87). Following a t-test analysis, no statistically significant difference on these 
issues between the groups (students of different schools) was fixed (zero hypothesis H0 on 
average equality cannot be rejected; p> .41).
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Table 3
Factors Defining Experimental Activities

Factors
Positive opinion

PO (N = 70)
Doing experimental works was interesting .96
It was not difficult to do experiment .66
The experimental methodology and workflow were understandable .73

I would like to continue this kind of activity in the future .87
We do laboratory works at school .28
All the tools and devices were known .30

Although the students felt that they were doing well in experimenting, they 
thought they could easily understand the methods and workflow of the experiment, but 
monitoring and evaluating the activities made it possible to identify the typical difficulties 
that students encountered in practical work. Most of the students hurry to do one or the 
other measurement, not fully understanding the meaning of the whole experiment. The 
lack of experimental skills is also evidenced by the difficulty for students to organize 
the work desk properly, to put tools and devices in a convenient and functional way. In 
most cases, students want to do everything while sitting, although this is sometimes very 
uncomfortable. There is a lack of basic skills to work with small auxiliary tools such as 
tweezers, tongs, flasks, tubes and so on.

The inquiry steps of experimental work, i.e. how students are able to formulate 
research problem, hypothesis, how to plan workflow, define variables, how to work with 
equipment and measuring devices, how to capture, process and analyse experimental 
data, formulate conclusions was analysed (Figure 1).  76% of the students successfully 
formulated a hypothesis and only 12% of the students, who have worked at inquiry 
level III, understood and planned the workflow correctly. 65% of the students properly 
processed the results, filled in the tables, drew up the graphs, performed the mathematical 
calculations, although only 34 percent succeeded in formulation of the conclusions. 

Figure 1
The Inquiry Steps of Experimental Work
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Students' attitudes towards experimental equipment and tools used at work, their 
complexity and expediency were explored. The following tools and equipment were 
evaluated: mechanical and electronic scales, mechanical and electronic caliper, mechanical 
and electronic thermometer, computer-learning systems Nova 5000 and Xplorer GLX. 
When assessing the choice of students between a mechanical and electronic measuring 
device, the question was asked: "If I could choose, I would measure with an electronic or 
mechanical measuring device and why" (Table 4).

Table 4
Choice of Measuring Device

Device Positive opinion, PO (N = 70)

Mechanical Electronic There is no 
difference

Thermometer .14 .66 .20

Scales .10 .90 0

Caliper .14 .99 0

Most students prefer electronic measuring devices. The majority of students (PA 
= .99) chose the electronic caliper. Only one student chose a mechanical caliper, just 
because he was well versed in using it. For the other students with no measurement skills, 
a mechanical caliper seemed too complicated. They simply stated why it is necessary to 
measure complexly when the exact result can be seen on the display of the electronic 
device without much effort.

Similar arguments were made when choosing electronic scales and electronic 
thermometers. A small part of the students were interested in using mechanical scales (PO 
= .10), but most of them chose electronic scales (PO = .90). Some of the students who 
are accustomed to a household mechanical thermometer have given priority to this one 
(PO = .14), while others who have used both thermometers have indicated that there is no 
difference (PO = .20), the rest of the students chose the electronic thermometer (PO = .66). 

Students had the opportunity to work with Science Learning Systems Xplorer 
GLX and Nova 5000. The Xplorer GLX (Figure 2) is a data collection, graphing, and 
analysis tool designed for science students and educators. The Xplorer GLX supports up 
to four sensors simultaneously, in addition to two temperature probes and a voltage probe 
connected directly to specialized ports. The Xplorer GLX is fully functional stand-alone 
handheld computing device for science. With or without a computer, capture and analyse 
live data anytime and anywhere. Nova 5000 integrates standard computer functionality 
with scientific data logging and math software (Figure 3). The Nova 5000 includes the 
following Soft Maker applications for advanced office functionality.

Students enjoyed working with Science Learning Systems Xplorer GLX and Nova 
5000. Comparing the advantages and disadvantages of the Xplorer GLX and Nova 5000, 
Xplorer GLX was relatively better (PO = .91) than Nova 5000 (PO = .78). They emphasized 
that Xplorer GLX is easier to manage and the Nova 5000 is quite inert and slow to operate, 
often malfunctioning.
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Students were asked to distinguish the essential aspects of these Science Learning 
Systems. The students highlighted the following key points.

•	 Nova 5000 and Xplorer GLX make their activities closer to real research work. 
•	 Promote motivation, interest in teaching.
•	 Experiment becomes more interesting; the phenomena can be observed and 

investigated, which is difficult to do with conventional devices.
•	 A lot of mathematical knowledge is required in order to analyse the obtained 

results.
•	 Accuracy of the results. Fast and accurate data processing and graphical 

presentation. Big opportunities for data analysis.
•	 Nova 5000 and Xplorer GLX are too complicated to use in every lesson. 
•	 Lack of skills to use, need of practical tips, advice.

Students were asked to write their own opinion on the experimental work, difficulties 
and experience. Several categories of students’ statements can be distinguished:

•	 Students, who performed an experiment at level III, as coordinated inquiry, 
argued that some aspects of the activity put some stress on them and demanded 
constant efforts to find out what to do and how to do it, as there were no 
additional instructions to which they were accustomed.

•	 Students have stated that they have acquired the skills of learning and applying 
knowledge to real situations.

•	 Students have acquired skills in experimentation, working with laboratory 
equipment.

•	 Students felt confident in the laboratory and understood the essence of their 
work.

Some opinions of students:
•	 “I liked these activities, especially I liked working with Xplorer GLX, with which 

it is possible to follow the live process, to monitor its graphical representation, 
to revise the calculations. Similarly, I liked working with Nova, but I liked GLX 
more”.

•	 “I liked experimenting in a real university lab, doing various measurements 
with different devices. I think it would be more interesting and better to learn 
so”.

•	 “I enjoyed exploring real processes. It was new to me; we do not do such 
work at school. On the other hand, it was very difficult, many new devices and 
equipment, it was not easy to formulate hypotheses and then draw conclusions”.

Conclusions

It can be stated that in order to strengthen the interest of students in science and 
to achieve better learning outcomes, it is necessary to organize the education process so 
that it would be interesting for students. By applying inquiry-based learning, students' 
experimental abilities and skills are developed, curiosity of students is stimulated, and 
interest in the subject is encouraged. The new, favourite activity of the students is of great 
importance for better learning outcomes.

It can be stated that the experimental training activity is a necessary and currently 
integral part of the educational process. By using the experiment, students can be provided 
with educational material in an attractive form, which stimulates the interest in the subject.
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Positive opinions of students towards STEAM training programs suggest that it is 
appropriate to use such programs when teaching science.

The typical difficulties that students encounter in practical work were identifying. 
Most of the students hurry to do measurement, not fully understanding the meaning of 
the whole experiment. The lack of experimental skills is also evidenced by the difficulty 
for students to organize the work desk properly. There is a lack of basic skills to work 
with small auxiliary tools such as tweezers, tongs, flasks, tubes and so on. 

The research showed that students formulate the research hypothesis well enough, 
process data properly, but find it harder to plan workflow and formulate conclusions.

Program participants have deepened and expanded their knowledge of energy and 
thermal processes in nature. They understood the thermal expansion of the solid bodies, 
the concept of the specific heat of the material, the properties of the phase transformations 
of the material, the specific heat of evaporation of the water, the process of heat transfer of 
the human body and the environment.

Students deepened their competence in natural science research, learned how to 
plan and perform experiments, acquired the ability to formulate hypotheses, to make 
assumptions, to analyse and explain results, and to formulate reasoned conclusions.

Acquired practical skills to work properly and safely with devices and tools 
(computer systems Nova 5000 and Xplorer GLX, temperature, humidity sensors, caliper, 
scales, etc.)

Students felt the joy of discovery by practically experimenting and independently 
exploring energy and thermal phenomena. They enjoyed being young researchers.
 
Note

This is a revised and expanded version of an international scientific symposium 
paper. The paper was recommended for republication by the symposium scientific 
committee. 
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Baltic Symposium on Science and Technology Education (BalticSTE2019) (pp. 217-
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