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Abstract: Interdisciplinary science learning can play a central role in promoting students’ 21st century
skills. However, students tend to have low perceived self-efficacy towards 21st century skills, thus
limiting the application of their actual scientific competence. This study seeks, based on a 1.5-year
intervention study, to promote students’ perceived self-efficacy towards 21st century skills through
science learning compared to a non-experimental group. During the intervention, everyday life-

’

related scenarios were utilized, with students guided to create core idea maps. Data on students
perceived self-efficacy were collected before and after the intervention. Results showed that students’
perceived self-efficacy towards 21st century skills changed in a significantly positively way after

the intervention.
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1. Introduction

Commercial enterprises increasingly make use of new technologies and encourage
their employees to work as a collective team to create new ideas, products and services [1,2].
Not surprising, therefore, business leaders, politicians and intellectuals, from a variety
of backgrounds, value students who possess a wide range of skills [3,4]. A major educa-
tion goal is thus providing students with a set of critical skills, often referred to as 21st
century skills, enabling them to be successful in the global market [5,6]. Such skills are of
particular importance when faced with a range of societal problems to be addressed, but
which also require abilities to be flexible, able to solve complex problems, make justified
decisions based on sound argumentation and to communicate effectively in raising global
awareness [2,7]. In fact, for students to adapt to a world that is rapidly changing, the
development of 21st century skills is seen as essential [8]. Twenty-first century skills refer
to the knowledge and skills that are critically important for student success in today’s
world and in their further studies [1,3].

This research explores students’ perceived self-efficacy towards 21st century skills,
seeing this as important to support their perceived self-efficacy. Bandura (1986) defines
perceived self-efficacy as a person’s own evaluation of their capabilities to perform a task,
or to reach a desired goal [9]. For this reason, perceived self-efficacy is utilized as a suitable
way to determine students’ perceptions of their 21st century skills.

1.1. Value of 21st Century Skills

Twenty-first century skills [4] are often referred to as work and life skills [10], or
generic skills [11], and relate to a broad set of knowledge, skills, work habits and character
traits that are believed to be critically important for success in today’s world [12,13].
They emphasize the importance of being able to apply knowledge rather than simply
recalling facts or concepts, undertake critical thinking for solving problems or making
decisions [1,14] and enable preparation for occupations that do not yet exist [2,15,16].
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According to Haug and Mork [17] and Tight [18], such skills are required to enable
an individual to face challenges of the 21st century and are thus seen as important to be
emphasized and developed in different lessons. Twenty-first century skill gains are seen
as necessary in all academic subject areas, not least because they are seen as transferrable
between different subjects and real-life situations, but also in all educational, career, and
civic settings throughout a student’s life [4,19,20]. To develop 21st century skills, educa-
tion needs to shift from simply preparing students for careers to enhancing abilities for
transference of learning across a variety of roles [2,21].

1.2. Categorizing 21st Century Skills

The literature sees other terms and definitions associated with the 21st century skills,
e.g., soft skills, life skills, critical skills, digital skills or transversal skills are often regarded
as synonyms for 21st century skills, despite some significant diversity across a range
of personal, professional and practical attributes [1,3,5]. Nevertheless, there is general
agreement among researchers on the need for new forms of learning to tackle global
challenges [17,18]. However, despite this consensus, there is no unique or single approach
to a definition or categorization of 21st century skills and the literature is also not conclusive
on the difference between 21st century skills and other related skills (e.g., transferable
skills) [1,3,5]. Thus, there is a need to specify which 21st century skills are being researched.
For developing students’ 21st century skills, one recommendation is also to concentrate on
a task and have a centric focus [1].

In a general framework, 21st century skills can be categorized into three main groups:
life and career skills; learning and innovation skills; and information, media and technology
skills [4]. Binkley and his colleagues [22] went further, using four categories labelled as
ways of thinking, ways of working, tools for working and living in the world, and identi-
fied ten skill components, namely: creativity and innovation; critical thinking, problem
solving, decision making, learning to learn, metacognition communication, collabora-
tion, information literacy, ITC literacy, citizenship, life and career and personal and social
responsibility [23,24].

The promotion of scientific literacy and, within this, the promotion of multiple skills,
is central to a competency-based curriculum (Estonian Government, 2011). The skills
associated with enhancing scientific literacy are linked to a number of factors, including;:

e Understanding the nature of science and the subject (including the changeability of
scientific knowledge and responsible citizenship);

e Personal development, especially that associated with self-management and self-
efficacy (including a mindset for scientific research);

e  Acquisition of social skills, such as reasoned decision making and resolving problems
(including cognitive and problem-solving skills, as well as critical thinking).

In specifying the 21st century skills for this research [10,22,25], the following five
categories are preferred:

o  Cognitive and problem-solving skills—needed in the acquisition of knowledge, manipula-
tion of information and reasoning. Students need to be able to solve complex problems
as they occur;

e  Critical thinking—mode of thinking about any subject, content or problem in which
a thinker improves the quality of their thinking by skillfully reasoning, analyzing,
synthesizing and evaluating information to reach an answer or conclusion;

e  The changeability of scientific knowledge—understanding how scientific knowledge
is constructed;

e  Responsible citizenship—having knowledge about his/her role in the community, state
and the world;

e Mindset for scientific research—organized mindset that ensures proper thinking (consid-
ering evidence, flexibility, methodological approaches and accuracy).
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1.3. Twenty-First Century Skills to Promote Interdisciplinarity Based on Core Ideas

A perceived key to promoting students” 21st century skills is the implementation of
interdisciplinarity, particularly within science subjects [26-28]. For example, not only is
there a need to put greater emphasis on collaboration with colleagues, possibly through
conducting interdisciplinary subject projects, or promoting knowledge integration though
problem-solving [29], but there is also a need to develop core ideas, which are applicable
and transferable across different subjects [29,30]. In fact, within science teaching, core
ideas can form a unified scientific framework for various curriculum-specified topics.
Such frameworks, for example, are seen as energy conversion, chemical reactions, genetic
variation, weather and climate [10,31]. Core ideas have broad importance within and across
science lessons, are relatable with globally challenging concerns and provide a key tool
for conceptualizing and investigating complex problems [29,30]. Furthermore, promoting
the interdisciplinarity of 21st century skills between different subjects is an effective and
relevant way to address core ideas [32]. Recognizing and conceptualizing core ideas (such
as weather and climate) are especially important for students and teachers when relating
knowledge from different science lessons in order to solve problems, or demonstrating
conceptualizations of certain phenomena [29,30].

1.4. Context-Based Approach via Scenarios

One approach to developing 21st century skills, as well as enabling the development
of student confidence in developing core ideas through science learning, is though devel-
oping these skills in relation to everyday life [12]. Utilizing everyday life-related scenarios
as a context-based approach enables the development of interdisciplinary core ideas, plus
their applicability to everyday life, which potentially increases the relevance of science
learning for students [26,33]. In such an approach, a scenario is a teaching strategy that
involves real-world situations, or concerns in which students are involved in performing
relevant tasks and play specific roles [33]. Scenarios can relate to a wide range of situations.
For example, a scenario can be based on a vaccination situation requiring justified argu-
mentation (related to critical thinking), or undertaking group-work on how modern solar
technologies can help improve the well-being of people in developing countries (related to
responsible innovation).

1.5. Student Gains in 21st Century Skills Are Based on Their Perceived Self-Efficacy Beliefs

To promote students’ 21st century skills, it is important to support their perceived
self-efficacy. This is seen as a person’s evaluation of their abilities to organize or perform
activities that require the use of skills [34]. Thus, involving students in actual acting
and demonstrating skills in real world scenarios is suggested as one way to relate to
perceived self-efficacy beliefs. Yet, previous studies have indicated that students have low
perceived self-efficacy towards 21st century skills, such as problem solving and critical
thinking [10,12,34]. Scenarios are thus seen as enabling active learning opportunities,
which engage students in the learning process [35] and promote perceived self-efficacy
beliefs. Such active learning opportunities can relate to posing questions in the classroom,
argumentation, group projects, role-playing, debates, etc. [36,37].

The goal of this research is to evaluate the impact of the role of scenarios as a context-
based approach in science lessons to promote students’ perceived self-efficacy towards 21st
century skills. The adopted approach is via an intervention including everyday life-related
scenarios (each involving students in creating core idea maps). The core idea maps are
intended to conceptualize fundamental ideas in science (e.g., energy conversion), including
the paying of due attention to science-related knowledge and appropriate 21st century
skills [38]. The design of the core idea maps follows the mind-mapping method, which
has been shown to support students” knowledge construction [10,39]. Additionally, each
core idea is linked to an everyday life-related scenario. For example, with the core idea
on genetic variation, students at first create their core idea map and then participate in a
classroom debate or role-play about whether or not to vaccinate.
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The following research question is put forward:

RQ1: How does the perceived self-efficacy of students towards the development of
21st century skills change after a 1.5-year intervention when compared with the perceived
self-efficacy of a similar, non-experimental student group?

2. Methodology
2.1. Sample and Study Design

The sample consisted of an experimental and a non-experimental student group.

2.1.1. Experimental Group

The research sample for the experimental group was formed by 209 students from
five schools that participated in the intervention. Pre-intervention data were collected through
a pencil and paper format before January 2019 from these students (grade 10 students) and
immediately after a year-and-a-half intervention in May 2020 (post-questionnaire, grade
11 students) using a Google Form template (this made it possible to collect data during the
COVID-19 epidemic).

2.1.2. Non-Experimental Group

In the non-experimental group, 162 students from five schools participated. Schools in
both the experimental and non-experimental groups were similar, based on school location
and the number of students per school. While only the experimental group completed
a pre-questionnaire, data were collected at the end of grade 11 (May 2020) from both
the experimental and non-experimental groups, with each student completing an online
questionnaire, which took approximately 20-25 min to complete.

2.2. Instrument Design

This research used a previously developed questionnaire [10,34,37]. The pre-and
post-questionnaire consisted of 24 statements obtaining data on students’ perceived self-
efficacy towards 21st century skills, using a 4-point scale (1—I totally disagree; 2—disagree;
3—agree; 4—I totally agree).

As a result of prior validation [10,34], the created instrument was divided into five
21st century skill factors giving factor names and example statements:

Cognitive and problem-solving skills—"I can use creative thinking to solve scientific problems”;
Critical thinking—"I can critically evaluate the quality of information”;
The changeability of scientific knowledge—"”In my opinion scientific knowledge
can change”;

e  Responsible citizenship—“When I make decisions, I consider the positive and negative
consequences towards the natural environment”;

e  Mindset for scientific research—"In my opinion, carefully collected data will give
perfect knowledge”.

Table 1 indicates how these factor sets of 21st century skills were implemented during
the intervention in science classes.

2.3. The Intervention

To connect the learning of science content with 21st century skills, everyday life-
related scenarios (each involving students in creating core idea maps) were implemented in
science lessons. The core idea maps were intended to depict the development of important,
conceptualized fundamental ideas in science, including due attention to the science-related
knowledge and appropriate 21st century skills [37]. The design of the core idea maps to
be developed followed the mind-mapping method, which has been shown to support
students” knowledge construction [10,37].
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Table 1. Intervention design.

Intervention Core Idea Map Everydgy Life.-Related Career. Outcomes From Class 21st Century Skills
cenario Introduction Promoted
Genetic variation “Vaccination” Doctor Students creating core idea maps by drawing the connections Cognitive and
(working in pairs). problem-solving skills
Presenting debate and role-play (involvement of various stakeholders, e.g.,
1 Models doctors, the agency for medicines) in the class about whether to
vaccinate or not. - —
Chemical reactions “Chemical reactions” Chemist Conducting the experimental planning and enacting to determine reaction Mindset for scientific
rate dependence of the nature of metal. research
Students creating core idea maps by drawing the connections .
Land surface change “Future” Mining engineer (working in pairs). Cogn1t1V§ and ]
Group-work following an overview of the changes of the land in the oil problem-solving skills
shale mines (Ida Virumaa) on topic what would life be like in Ida Virumaa
Heredity and DNA “Nutrition” Nutritionist in 20507 Presenting the made posters in class. Critical
Group-work on topics: 1) What are the consequences of the unequal Thinking skills
distribution of food in the World? 2) How can these issues be
2 prevented or avoided.
Motions and waves “Galileo” Scientist Constructing in groups a spectrometer and using it to simply turn the light The changeability of
into a rainbow. scientific knowledge
Students explaining a video about surface tension in space (shown by
NASA astronauts). Competition in class: 1) determine the number of drops
- Y o of water you are able to put on top of a penny using a pipette; 2) what is Mindset for
Characteristics of substances Water properties Astronaut the phengmenon behindpthis expeprimenr:, wh};/ can ’;sher;mfnny hold many scientific research
drops of water?
Students creating core idea maps by drawing the connections
Energy conversation “Solar panels” Engineer (working in pairs). Responsible citizenship
Group-work on how modern solar technologies can help improve the
. o . . . well-being of people in developing countries. . Lo .
3 Weather and climate Climate change Paleoclimatologist Discussion in a group based on given articles to find both pros and cons Critical thinking skills

Systems

that support or refute claims about the human impact on climate. The
group were guided to create a poster or short video to convey their
arguments and objections.
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The scenario-led interventions illustrated in Table 1 were developed by Author 1 and
her colleagues [37]. In total, each experimental group student was asked to create 10 core
idea maps during the intervention period with each map (except maps sought on models
and on systems), based on an everyday life-related scenario (a total 8 scenarios), with each
scenario involving the promotion of 21st century skills deemed to be related to the various
learning tasks. As the model and system core ideas are more interdisciplinary and not
specific to an everyday life situation, no separate scenarios were created, and relevant
learning was covered within the teaching using the 8 everyday life-related scenarios. To
further raise student’s motivation regarding science studies, a description of relevant
science-related careers was included in the everyday life-related scenarios.

The intervention was divided into 3 steps (Table 1), each paying particular attention
to those skills which, from previous studies [10], indicated students’ lower perceived self-
efficacy. This was undertaken by including the promotion of these skills in the intervention
twice (Table 1). These skills were:

e Cognitive and problem-solving skills;
e  (ritical thinking;
e  Mindset for scientific research.
Other skills that, from previous research (Author 1 et al., 2019), students were shown

to attain a higher perceived self-efficacy, were included in the intervention only once
(Table 1). These skills were:

e  Responsible citizenship;
e  The changeability of scientific knowledge.

2.4. Data Analysis

Descriptive statistics (means, standard deviations), statistical significance and relia-
bility were undertaken using SPSS version 23. The mean scores of students’ perceived
self-efficacy towards 21st century skills were compared and analyzed using paired sample
t-test. Data were checked for normal distribution (data fitting a bell-shaped curve), and
that the data were not bi-modal. The statistical program Mplus (Version 7) [39] was used
for confirmatory factor analysis (CFA).

2.5. Validity and Reliability

The validity and reliability of the created instrument and methodology used as valida-
tion were determined as shown in Table 2.

Table 2. Validation and reliability of the instrument created for this research.

Instrument/Method

Validity/Reliability Used Validation/Reliability Method

Students’ perceived self-efficacy towards
21st century skills/4-point

scale questionnaire

Expert opinion method; agreement of 14 independent

ntent validit . ) . .
Content validity experts in the field of science education

Analysis of Estonian science curriculum [40] and
Construct validity syllabus to ensure that items are valid in terms of
expected learning outcomes; Mplus CFA

Cronbach alpha = 0.81 over the sample, with each
Reliability factor over 0.70; Mplus CFA was used to determine
the suitability of the internal structure [41]

2.6. Ethics

The goal of the research and the use of its outcomes were explained to students,
parents and school headmasters. Participation in the study was voluntary for the students
and permission from the parents was asked. All collected data were stored keeping in
mind the principles of confidentiality.
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3. Results and Discussion
3.1. Experimental Group Pre- and Post-Questionnaire CFA Comparison on Perceived Self-Efficacy
towards 21st Century Skills

The conducted CFA analysis revealed similar changes occurred in the five 21st century
skills factors (Table 3; Appendix A):

Cognitive and problem-solving skills;
Critical thinking;

The changeability of scientific knowledge;
Responsible citizenship;

Mindset for scientific research.

Table 3. Pre- and post-questionnaire CFA comparison on perceived self-efficacy towards 21st century skills by the experi-

mental group (N = 209).

Grade 10 Paired Sample
Questionnaire Factor Grade 11 t-Test Significance
Type Factor Names Item No Loadings Level 0.05
M SD t df SEM
Pre-questionnaire Cognitive and 6 0.65 2.75 0.81 236 6 0.08 005
Post-questionnaire ~ problem-solving skills 0.73 3.34 0.83 : : :
Pre-questionnaire 0.72 2.99 0.83
- - Critical thinking 4 6.11 416 0.08 <0.05
Post-questionnaire 0.81 3.55 0.78
Pre-questionnaire The changeability of . 0.66 3.10 0.84 070 16 0.09 005
Post-questionnaire scientific knowledge 0.74 3.16 0.90 ’ ’ ’
Pre-questionnaire 0.70 2.80 0.85
Responsible citizenshi 3 0.24 416 0.08 0.05
Post-questionnaire P P 0.69 2.73 0.81 g
Pre-questionnaire . 0.71 2.69 0.83
Mindset for
A 4 12.55 416 0.08 0.05
Post-questionnaire scientific research 0.60 374 0.88 <

Measured using a 4-point scale, significance level 0.05; M—mean; SD—standard deviation; t—statistics; df—the degrees of freedom;
SEM—standard error of the difference.

Given the mean values within the pre-questionnaire for all the factors, perceived self-
efficacy in 21st century skills ranged from 2.69 to 3.10, with an overall mean of 2.87. For all
factors within the post-questionnaire, the students’ perceived self-efficacy ranged from 2.73
to 3.74, with an overall mean of 3.30. This was taken to indicate that the students’ perceived
self-efficacy towards 21st century skills, based on the 4-point scale, was higher after the
intervention. A more detailed comparison of pre- and post-questionnaire perceived self-
efficacy by the experimental group of students is presented below.

3.2. Everyday Life-Related Scenarios for Promoting 21st Century Skills

Previous research showed that students’ perceived self-efficacy towards 21st century
skills varied and was often low, e.g., towards problem-solving skills [10,12]. Researchers
suggested reasons for the low level of students’ 21st century skills in science learning was
related to the learning environment, e.g., classroom lecture or the presenting of information
to the students [15,16]. The results of this research indicated that conducting science
lessons though everyday life-related scenarios (involving mind mapping) had a positive
impact on students” perceived self-efficacy towards 21st century skills. For example, in
the intervention scenario Vaccination, involving a core idea related to genetic variation
and focusing on cognitive and problem-solving skills, students” perceived self-efficacy
towards these skills was significantly higher after the intervention (Tables 1 and 3). Thus,
the implemented scenario, Vaccination, was seen as having a positive effect on students’
own competence towards their use of problem-solving skills.

Encouraging active learning by enabling students to undertake a central role in their
own learning (e.g., constructing mind maps related to core ideas in science in a context-
based manner) led to improvements in their perceived self-efficacy in 21st century skills.
This was in line with previous research showing that, to enhance students’ 21st century
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skills, teachers need to use appropriate teaching and learning methods to enhance students’
engagement in the learning process [13]. This was seen as better preparing students for
both higher education and the workplace [1,7,42].

3.3. Students’ Perceived Self-Efficacy towards Cognitive and Problem-Solving Skills, Critical
Thinking and Mindset for Scientific Research

As an outcome of the conducted intervention, students’ perceived self-efficacy to-
wards 21st century skills was significantly higher than before the intervention in three
factors—cognitive and problem-solving skills, critical thinking and mindset for scientific
research. This could be explained by the fact that, in the conducted intervention, these skills
were developed through everyday life-related scenarios, which included active learning
opportunities, such as participating in a debate, role-play, argumentation, etc. Such active
learning opportunities enabled students to make interdisciplinary connections between the
skills and their gained knowledge (exhibited through mind-mapping tasks). This was in
line with previous studies, which showed that, to support students” perceived self-efficacy
through all science subjects, it was important to use active learning opportunities, such
as posing questions in the classroom, argumentation, group projects, role-playing and
debates [36,37].

The results indicated that students perceived self-efficacy towards cognitive and
problem-solving skills, critical thinking and mindset for scientific research was statistically
significantly higher after the conducted intervention. This could be due to the fact that, for
students, it was easier to make interconnections between their gained knowledge through
problem solving, critical thinking and developing a mindset for scientific research (as in
the mind-mapping task). Connecting learning to everyday life, as well an appreciation of
core ideas, provided a meaningful opportunity for developing these skills, especially as
students solved problems that included social aspects, as well as enabling them to make
decisions with both personal and societal effects [10]. Thus, it was seen as appropriate to
create more learning scenarios that emphasized different dimensions to develop students’
21st century skills and to relate these to the learning content through core ideas.

3.4. Students” Perceived Self-Efficacy towards the Changeability of Scientific Knowledge and
Responsible Citizenship

In two factors, the change was not found to be statistically significant (the changeability
of scientific knowledge and responsible citizenship). Such an outcome might be because
students found it difficult to interconnect these skills to their gained knowledge (seen from
the mind-mapping tasks). Suggested reasons for the lack of impact of the intervention
towards the changeability of scientific knowledge and responsible citizenship could be
that students did not acknowledge that they possessed a clear conceptual understanding
about how scientific knowledge was constructed or have knowledge about their role
in the community and the world at large. This was seen as problematic because the
development of these 21st century skills was shown to be important for conceptualizing and
reflecting on ways of solving today’s problems, such as global warming or environmental
degradation [2,4]. A strong scientific background and understanding about society was
seen as essential so as to face the many challenges in today’s world, such as those related
to the COVID-19 epidemic. The results suggested that more emphasis was needed on
promoting student awareness of how science and 21st century skills could contribute to
addressing scientific challenges.

3.5. Experimental and Non-Experimental Group Comparison for Students” Perceived Self-Efficacy
towards 21st Century Skills

The results showed that, after the 1.5-year intervention, students” perceived self-
efficacy was significantly higher in the experimental group (compared with the non-
experimental group) in relation to three key 21st century skills factors—cognitive and
problem-solving skills, critical thinking and mindset for scientific research (Table 4;
Appendix B). However, in two further factors, the change was not shown to be statis-
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tically significant (the changeability of scientific knowledge and responsible citizenship).
These results could be explained by the fact that, in the intervention, the emphasis was
on skills, which showed students” lower perceived self-efficacy on prior cognitive and
problem-solving skills, critical thinking and mindset for scientific research [10]. As these
skills were actively promoted during the intervention, the change in students’ perceived
self-efficacy was more positive. With the changeability of scientific knowledge and respon-
sible citizenship, the students’ perceived self-efficacy tended to be higher [10] and, during
this intervention, these skills were promoted less. As the emphasis was not on these skills,
the results showed that there was a positive change in their perceived self-efficacy after the
conducted intervention, but the change was not statistically significant.

Table 4. Comparing students’ perceived self-efficacy towards 21st century skills in the experimental group (N = 209) and
non-experimental group (N = 162).

Grade 10

Paired Sample
Questionnaire Factor Grade 11 t-Test Significance
Type Factor Names Item N, Loadings Level 0.05
M SD t df SEM
Experimental Coeniti d 0.73 3.34 0.83
o e il 6 756 369 0.09 <0.05
Non-experimental problem-solving skills 0.65 2.69 0.81
Experimental 0.81 3.80 0.78
Critical thinking 4 4.84 369 0.09 <0.05
Non-experimental 0.72 3.39 0.83
Experimental The ch bility of 0.74 3.16 0.90
: il N 1“5(30 6 186 369 0.09 >0.05
Non-experimental scientiic knowledge 0.66 2.99 0.84
Experimental 0.69 2.73 0.81
Responsible citizenship 3 0.23 369 0.09 >0.05
Non-experimental 0.70 2.75 0.85
Experimental ] 0.60 3.86 0.88
Mindset for 4 0.71 28 08 1088 369 0.09 <0.05
- scientific research
Non-experimental 0.71 2.89 0.83

Measured using a 4-point scale; significance level 0.05; M—mean; SD—standard deviation; t—statistics; df—the degrees of freedom;
SEM—standard error of the difference.

The results of this study indicated that, after the intervention, students had higher
perceived self-efficacy towards most 21st century skills. This was seen as meaningful, and
indicated that the inclusion of everyday life-related scenarios served the intended purpose
of supporting the promotion of 21st century skills, at least as perceived by students.

4. Conclusions

Students’ perceived self-efficacy towards 21st century skills after the intervention
(using everyday life-related scenarios) was significantly higher than before the intervention
in three factors—cognitive and problem solving, critical thinking and mindset for scientific
research. In two factors, the change was not found to be statistically significant (the
changeability of scientific knowledge and responsible citizenship). The results indicated
that, after the intervention, students” perceived self-efficacy was higher towards most
21st century skills. The implemented method was meaningful in developing students’
21st century skills when these were related to the scenario-based learning and to the
creation of core idea maps.

The non-experimental group results, compared with those of the experimental group,
confirmed that, after the intervention perceived self-efficacy was high towards most
21st century skills.

5. Further Research

The finding that students perceived self-efficacy increased for three factors is promis-
ing for further studies promoting 21st century skills. This is especially the case since
previous studies have shown that students’ perceived self-efficacy remains low, e.g., related
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to the utilization of problem-solving skills [12,35]. This is in line with previous research,
which has emphasized that the integration and connecting of skills to knowledge can
have a positive effect on the development of students’ 21st century skills, such as problem
solving and decision making [8,15,24]. For this, it is important to further research how
students conceptualize core ideas and link knowledge and 21st century skills to these. To
achieve this, one proposed approach is to analyze, in greater depth, students’ created core
idea maps

6. Recommendations

In order for science education to be more integrated with real-life situations, more
attention needs to be paid to teaching approaches. Based on these research outcomes, it
is important that the content of the teaching material is more closely related to everyday
situations and the ways in which science content is connected to 21st century skills. It
is recommended that a learning environment needs to support student learning with
purposefully developed meaningful activities, such as implementing everyday life-related
scenarios, including creating core idea maps (following the mind-mapping method) and
through active learning approaches.

7. Limitations

This research involved a small student sample size and the schools included were a
convenient sample. Therefore, results cannot not be generalizable for the whole population.
Despite this, the results provided valuable insights for integrating and conceptualizing
science content through the promotion of 21st century skills.

The conducted intervention was intensive because it was administered within a short
period of time. More dispersed activities over a longer time span would be expected to
give students extra time to strengthen their 21st century skills.

In this study, the data were analyzed only by the use of Mplus program and CFA. To
better describe the data in future studies, and to analyze and interpretation the data more
carefully, R can be used to allow the development of ordered-probit models and conducting
of Bayesian analysis [43].

In addition, several items (such as the so-called soft skills, e.g., collaboration and
teamwork) were omitted from the final factor structure, based on their low factor loadings
in different factors.
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Appendix A
Table A1. Experimental group (N = 209) pre- and post-questionnaire CFA comparison on perceived self-efficacy towards 21st century skills.
Pre- Post- Paired Sample
21st Century Skills Fact(;)r Loads Fact;))r Ltoads SD t-Test Signiflic(;lgge
e o8t M M SD t df SEM ever™

Cognitive and problem-solving skills (f1)

I can use creative thinking to solve

i 2.93 0.82 3.33 0.84 4.93 416 0.08 <0.05
scientific problems

Before I start to solve problems, I make sure
whether the problem is within my level of 2.62 0.80 3.57 0.88 11.55 416 0.08 <0.05
understanding or whether I need extra help

I evaluate the efforts and the effectiveness of a

selected strategy even when I do not reach the 0.65 0.73 2.93 0.80 3.52 0.79 7.59 416 0.08 <0.05
desired goal
T'can design the most appropriate strategy to 2.67 0.82 2.95 0.80 3.53 416 0.08 <0.05
solve problems
I can find alternative strategies if an initial 279 0.80 299 0.96 231 416 0.09 <0.05
approach does not work
I am motivated to solve challenging problems 2.56 0.81 3.69 0.69 15.35 416 0.07 <0.05
Critical thinking (£2)
I evaluate the efforts and the effectiveness of
selected strategies after reaching the 3.02 0.87 3.13 0.68 1.44 416 0.08 >0.05
desired goal
Tcan critically evaluate the 2.90 0.83 3.90 0.8 11.95 416 0.08 <0.05
quality of information 0.72 0.81
I can distinguish scientific evidence 3.00 0.79 3.65 0.80 8.36 416 0.08 <0.05
from non-scientific
Creativity and imagination are important 3.07 082 351 075 572 416 0.08 <0.05

factors for establishing scientific knowledge
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Table A1. Cont.
Pre- Post- Paired Sample
21st Century Skills Fact(;)r Loads Fact;))r Ltoads SD t-Test Signiflic;gge
e oSt M M SD t df SEM ever™
The changeability of scientific knowledge (f3)
Lry to understand the reasons for other 3.16 0.88 331 0.90 172 416 0.09 >0.05
peoples’ actions instead of judging them
I show respect for other human beings
regardless of their cultural backgrounds 3.12 0.90 3.45 0.95 3.65 416 0.09 <0.05
and nationalities
In my opinion scientific knowledge can change 0.67 0.74 3.28 0.82 3.03 0.90 2.97 416 0.08 <0.05
T'can explain natural phenomena 2.85 0.83 2.93 0.86 0.97 416 0.08 >0.05
in everyday life
The usefulness of scientific knowledge depends 3.07 079 3.10 0.88 037 416 0.08 50.05
on how and for what purpose they are used
Responsible citizenship (f4)
When I make decisions, I consider the positive
and negative consequences towards the 2.72 0.89 2.83 0.85 1.29 416 0.09 >0.05
natural environment
I eel responsibility for what happens in 3.03 0.86 3.03 0.72 0.00 416 0.08 >0.05
the environment
My p}elrsonal well-being is connected to what 0.70 0.69 2.74 0.90 2.76 0.83 0.24 416 0.09 >0.05
appens in nature at a global level
In future, I would like to work in a position
where I can contribute to protecting the 2.42 0.82 2.40 0.82 0.25 416 0.08 >0.05
natural environment
In problem-solving, I am sensitive to ethical 266 0.80 264 082 0.25 416 0.08 50.05

standards which are valued by society
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13 of 18

Table A1. Cont.

Paired Sample

21st Century Skills Fad‘;)r Loads Fact;r Ltoads Pre- SD Post- t-Test Signiflic;gge
e oSt M M SD t df SEM ever™
Mindset for scientific research (f5)
In my opinion, scientific models (like DNA) 2.79 0.83 3.69 0.90 10.63 416 0.09 <0.05
portray nature as it actually exists
In my opinion, carefully collected data gives
perfect knowledge 2.95 0.85 3.99 0.90 12.15 416 0.09 <0.05
I . . . 0.71 0.60
n my opinion, there is only one certain
scientific method for creating 2.89 0.83 3.57 0.86 8.23 416 0.08 <0.05
scientific knowledge
I can apply knowledge from science lessons in 204 081 372 087 9.49 416 0.08 <0.05

new situations

Measured using a 4-point scale; significance level 0.05; M—mean; SD—standard deviation; t—statistics; df—the degrees of freedom; SEM—standard error of the difference.
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Appendix B

Table A2. Students’ perceived self-efficacy towards 21st century skills; experimental schools’ students (N = 209) and non-experimental schools” (N = 162) results comparison.

Non-
- . Experimental Paired Sample ¢-Test A
21st Century Skills ex elji(r)r?ental Experimental experimental SD Signlfllcoagge
P M M SD t df SEM evel 0
Cognitive and problem-solving skills (f1)
T'ean use creative thinking to solve 3.02 075 333 0.84 3.69 369 0.08 <0.05

scientific problems

Before I start to solve problems, I make sure
whether the problem is within my level of 2.73 0.84 3.57 0.88 9.30 369 0.09 <0.05
understanding or I need extra help

I evaluate the efforts and the effectiveness of a
selected strategy even when I do not reach the 0.60 0.73 3.12 0.68 3.52 0.79 5.14 369 0.08 <0.05
desired goal

I can design the most appropriate strategy to

2.87 0.78 2.95 0.80 0.97 369 0.08 >0.05
solve problem
I can find alternative strategies if an initial 289 0.92 .99 096 101 369 0.10 50.05
strategy does not work
I'am motivated to solve challenging problems 3.16 0.69 3.69 0.69 7.34 369 0.07 <0.05
Critical thinking (f2)
I evaluate the efforts and the effectiveness of
selected strategies after reaching 3.35 0.77 3.73 0.68 4.96 369 0.08 <0.05
the desired goal
I can critically evaluate the
quality of information 0.65 0.81 3.14 0.75 3.90 0.88 8.79 369 0.09 <0.05
I can distinguish sc1ent.1f1c feyldence from 391 0.70 3.65 0.80 555 369 0.08 <0.05
that non-scientific
Creativity and imagination are important 3.87 0.62 391 0.75 0.56 369 0.07 >0.05

factors for establishing scientific knowledge
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Table A2. Cont.

Non- . .
_ . Experimental Paired Sample t-Test S
21st Century Skills ex elji(l)tr:ental Experimental experimental SD Sigmfllc(;agge
P M M SD t df SEM evelt
The changeability of scientific knowledge (f3)
Ltry to understand the reasons for other 3.16 0.82 331 0.90 1.65 369 0.09 >0.05
peoples’ actions instead of judging them
I show respect for other human beings
regardless of their cultural backgrounds 3.23 0.80 345 0.95 2.37 369 0.09 <0.05
and nationalities
0.72 0.74
In my opinion scientific knowledge can change 2.88 0.91 3.03 0.90 1.58 369 0.10 >0.05
[ can explain natural phenomena in 2.85 0.67 293 0.86 0.98 369 0.08 >0.05
everyday life
The usefulness of scientific knowle.dg.e depends 287 072 3.10 0.88 270 369 0.09 <0.05
on how and for what purpose it is used
Responsible citizenship (f4)
When I make decisions, I consider the positive
and negative consequences towards the 2.68 0.79 2.83 0.85 1.74 369 0.09 >0.05
natural environment
[feel responsibility for what happens 265 0.66 3.03 0.72 523 369 0.07 <0.05
in the environment
My p}elrsonal well-being is connected to what 0.74 0.69 265 0.92 2.76 0.83 221 369 0.09 >0.05
appens in nature at a global level
In future, I would like to work in a position
where I could contribute to protecting the 2.32 0.88 2.40 0.82 0.90 369 0.09 >0.05
natural environment
In problem-solving, I am sensitive to ethical 267 082 264 082 035 369 0.09 50.05

standards which are valued by society
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Table A2. Cont.

Non-

_ . Experimental Paired Sample t-Test . g
21st Century Skills ex elji(l)tr:ental Experimental experimental SD Sigmfic(f]g;e
P M M SD t df SEM evel
Mindset for scientific research (f5)
In my opinion, scientific models (like DNA) 367 073 3.89 0.90 269 369 0.09 <0.05
portray nature as it actually exists ’ ’ ' ’ ’ ’ :
In my opinion, carefully collected data gives
perfect knowledge 3.45 0.88 3.99 0.90 5.79 369 0.09 <0.05
0.74 0.60

In my opinion, there is only one certain
scientific method for creating 3.19 0.87 3.57 0.86 4.20 369 0.09 <0.05
scientific knowledge

I can apply knowledge from science lessons

. X . 3.94 0.86 3.97 0.87 0.33 369 0.09 >0.05
in new situations

Measured using a 4-point scale; significance level 0.05; M—mean; SD—standard deviation; t—statistics; df—the degrees of freedom; SEM—standard error of the difference.
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