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Abstract

The purpose of the study is to synthesize the peer-reviewed literature about innovative
inquiry-based approaches for science learning and teaching. This study answers the following
research questions: (1) Based on the peer-reviewed literature, what hybrid inquiry-based
learning (IBL) approaches exist which respond to the challenges and expectations of
education in the 21st century? (2) What features do they have? (3) What empirical evidence
supports their effectiveness? (4) At which levels of education do they appear? (5) What
learning outcomes are achieved? Using the methodology of systematic literature review, 110
articles obtained by the Google Scholar engine. We selected different approaches based on
the following criteria: (1) they respond to the challenges and expectations of education in the
21st century, (2) technology supports the learning and teaching process, and (3) IBL is
combined with some other learning approaches to increase the efficiency of the learning and
teaching process. The full texts of 54 studies were read and assessed that satisfied the
inclusion criteria. Four categories of hybrid IBL were identified: project-based inquiry
learning, game-transformed inquiry-based learning, web-based collaborative inquiry learning,
and simulation-based inquiry learning. We define and describe these approaches and present
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the empirical work in detail. Finally, we compare the presented learning approaches and
highlight the limitations of technology integration into the classroom. This study helps to
draw attention to the huge pedagogical potential of these technology-supported hybrid IBL
approaches and the value of researching them.
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1. Introduction

Different disciplines create new knowledge in different ways; therefore they require different
learning styles. Students are interested in a field of science which methods, the way
knowledge is created, are in line with their learning style. For successful learning, students’
individual learning styles must be consistent with the type of disciplinary knowledge (Kolb,
1984). Therefore, learning approaches that support learners in constructing their own
knowledge and motivate them to commit to the task are worthwhile.

Natural sciences are experimental sciences; therefore inquiry and learning by inquiry have
always been emphasized in teaching/learning students. As early as the 1996 National Science
Education Standards, the concept of scientific inquiry (SI) appeared. On the one hand, SI
refers to the research work of scientists as they study nature and propose evidence-based
explanations on better understanding it. On the other hand, it also refers to the research
activities of students, during which they develop their scientific knowledge and
understanding of scientific contents (NRC, 1996).

The scientific activity carried out by students follows the process of scientific research
conducted by scientists. The five main features of classroom inquiry are as follows (NRC,
2000, p. 25): Learners (1) are engaged by scientifically oriented questions, (2) give priority to
evidence, which allows them to develop and evaluate explanations that address scientifically
oriented questions, (3) formulate explanations from evidence to address scientifically
oriented questions, (4) evaluate their explanations in light of alternative explanations,
particularly those reflecting scientific understanding, and (5) communicate and justify their
proposed explanations. Inquiry-based learning (IBL) has become widespread based on the
recommendations of NRC (2000). IBL is a student- and research-centered active learning
method driven by issues or problems. The emphasis is on the research process and on
searching for and understanding of knowledge, while the teacher supports the work of
students in a facilitator role (Khan & O’Rourke, 2005).

25 years have passed since IBL was first recommended by NRC. Since then, society has
become knowledge-based. In a society where the main value is knowledge, learners need to
acquire skills and competencies that enable them to actively contribute to the economic
development. This is also supported by the remarkable development of technology
(Ananiadou & Claro, 2009). These changes have certainly led to the continuous development
of IBL. Today we see an increasing prevalence of hybrid methods that combine IBL with
other learning approaches such as game- or project-based learning (Spires et al., 2012;
Srisawasdi & Panjaburee, 2018; Ulus & Oner, 2020).

It is well known that student research/IBL has different levels. Depending on the extent to
which the educator assists and directs the whole research process, we can distinguish (1)
confirmation inquiry, (2) structured inquiry, (3) guided inquiry and (4) open inquiry. During
the confirmation inquiry, the educator formulates the research problem, the procedure and the
expected results. In this case the aim of the research is to confirm and prove a previously
introduced principle while students practice their inquiry skills. In case of structured inquiry,
the teacher is less dominant, the research problem and the methods are still given, but
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students have to formulate their own results independently. The results should in all cases be
evidence-based explanations (Banchi & Bell, 2008). In guided inquiry, students discuss the
questions and procedures presented by the teacher; they work together on deciding which
procedure should be used to achieve the expected result. The role of the teacher is important
here as well, as students need to be given guidance to conduct the research and reach a proper
outcome (Zion & Mendelovici, 2012). The most complex level of IBL is open inquiry. In this
case teachers only define the framework of the research for the students, and it is up to them
which problem they select for studying. They also design the procedures, and then interpret
and compare the achieved results with the baseline problem.

In open inquiry, students must continuously make decisions and review the obtained results;
therefore this level reflects the work of real researchers the most (Reid & Yang, 2002).
However, there are studies indicating that students prefer guided inquiry to open inquiry
(Chatterjee et al., 2009). The reason behind this could be the experience that if learners are
completely left alone with the task, they may not be able to start it. Students may be anxious
about not knowing what to do (Trautmann et al., 2004). Therefore, it is important to always
keep in mind the students’ zone of proximal development (Vygotsky, 1978), whether the goal
of the learning process being set in an open inquiry is achievable at all. If students are
unfamiliar with the key concepts behind the research and their meaning, they will take
pot-luck in finding solutions. For novice students, this can take longer, and during this time
they learn almost nothing (Clark et al., 2013). Unguided learning can also make students
develop misconceptions and gain incomplete or disordered knowledge (Kirschner et al.,
2006). When teachers teach students new knowledge and skills, it is much more efficient to
provide explicit guidance in the form of exercises and feedback, as opposed to requiring
students to discover knowledge themselves based on aspects they have created. If students
decide for themselves what and how to learn, they tend to choose the path they already know,
which is not challenging for them. This is driven by the feeling of a sure sense of success and
induces more modest learning outcomes (Kirschner & van Merrienboer, 2013).

The emerging hybrid approaches can also be considered as adding research guidance to the
learning/teaching process, determining the nature of the task. For example, some hybrid
methods guide learners with game elements (Srisawasdi & Panjaburee, 2018), while other
approaches focus on collaboration (Chu, 2009; Chu et al., 2011). They make the otherwise
rather abstract research process come to life, tangible. It is important to note that hybrid
learning approaches created by combining methods, in many cases, also involve novel
technology that supports learning efficiency even more (Srisawasdi, 2018).

The aim of the study is to examine the peer-reviewed litarure in order to identify, characterize,
summarize, and compare the innovative IBL approaches with supported technology and other
learning/teaching approaches. This study answers the following research questions: (1) Based
on the peer-reviewed literature, what hybrid IBL approaches exist which respond to the
challenges and expectations of education in the 21st century? (2) What features do they have?
(3) What empirical evidence supports their effectiveness? (4) At which levels of education do
they appear? (5) What learning outcomes are achieved?
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2. Method

Systematic literature review and the three-step method were used. Systematic review is a
literature review method, which means a detailed evaluation and interpretation by reaching a
wide variety of research sources related to a particular research question or subject area. The
three-step method refers to (1) planning, (2) examining and (3) reporting. The first step
consists of the database selection, criteria establishment, and determination of the categories.
The further two steps deal with the description and discussion of the review' results (Alper et
al., 2021).

Google Scholar engine was used to find academic sources, because it searches a wide range
of disciplines and resources: articles, theses, books, abstracts, academic publishers,
universities, etc. The search terms were general, to include as many relevant studies as
possible. Search terms used were inquiry-based learning, 21st century skills, and technology.
Additional articles were identified using a snowballing method (Wohlin, 2014). In all, the
search produced 110 articles.

We selected innovative IBL approaches based on three aspects. On the one hand, we were
looking for approaches that respond to the challenges and expectations of education in the
21st century, and thus aim to develop 21st century skills. 21st century skills are
comprehensive skills that are necessary to be successful in life and at work, such as critical
thinking, problem solving, collaboration, information and communication technology (ICT)
literacy, creativity and communication (Binkley et al., 2012). In addition, inquiry skills
closely related to critical thinking and problem solving are also included (Bao et al., 2009).
As for the second aspect, we preferred approaches in which the learning/teaching process was
supported by technology. The essence of our third aspect is to combine IBL with other
learning approaches to increase the efficiency of the learning/teaching process. Finally, the
full texts of 54 studies were read and assessed that satisfied the inclusion criteria.

3. Results

Four main categories emerged from the analysis of the literature: project-based inquiry
learning, game-transformed inquiry-based learning, web-based collaborative inquiry learning,
and simulation-based inquiry learning. We introduce these approaches based on the further
analysis of the literature.

3.1 Project-based inquiry learning

Project-based learning (PjBL) and inquiry-oriented learning are gaining more and more
emphasis in the international trend of educational research and in national educational
standard documents (Chu et al., 2017; NRC, 2012; NGSS Lead States, 2013). PjBIL is a
more recent approach than IBL, however, PjBIL has also been present in the international
literature for at least two decades (Krajcik et al., 1998), and has become popular again
(Bopegedera & Coughenour, 2020; Chu, 2009; Chu et al., 2011). This is probably due to the
fact that during the research project, students use a variety of technological tools, multimedia,
and various resources (e.g., the Internet) that allow for discovery and acquisition of new
knowledge (Spires et al., 2012).
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Project-based inquiry learning is a form of situated learning. Situated learning or situated
cognition is rooted from the idea that while teaching and preparing students for school, we
have to build a bridge to connect the theoretical knowledge acquired in formal education and
the application of this knowledge in real life situations, e.g. at a workplace (Resnick, 1987). It
assumes that the individual is a member of a community and they are in close interaction
during the learning process, while acquiering new skills and competencies that are
indispensable in life, in the world of work. It can also be described as a process that takes
place through legitimate peripheral participation in professional communities (Lave &
Wenger, 1991). This learning approach is referred to by several names: project-based inquiry
learning, inquiry project-based learning. In both cases, IBL is combined with PjBL. PjBIL
aims to engage students in a serious, complex intellectual work that motivates them by the
challenge of creating new knowledge (Spires et al., 2012). In project-based tasks, students
work together as a team to achieve a common goal, which is usually to create a final product.
This can be a report, a presentation, or an analysis (Chu et al., 2011; Krajcik et al., 1998;
Spires et al.,, 2012). Collaborative problem solving, which is a feature of project-based
learning, does not appear as an independent skill but as part of the formal education’s tasks
(OECD, 2017). In line with the IBL, the PjBL rests on the constructivist basis that the learner
gains a deeper understanding by actively participating in the construction of their own
knowledge and by the teacher as a facilitator of learning. Students need to ask scientifically
valid questions that they need to answer by gathering the appropriate information (Spires et
al., 2012). This, in itself, is true for any constructivist, active learning approach, therefore it is
worth considering the following PjBL-specific features (Krajcik & Blumenfeld, 2006): (1) it
is question-driven, which question is aimed to solve a problem, (2) students explore this issue
by participating in an autenthic situated inquiry, (3) collaboration, (4) the use of technological
tools to support learning.

A common feature of project-based inquiry learning (PjBIL) and problem-based learning
(PBL) is that they both focus on solving a relevant, real-world problem. Some researchers
also state that PjBIL is derived from PBL (Boss & Krauss, 2007). Several learning
approaches have grown out of PBL, such as project-based learning itself. Another common
feature of PjBL and PBL is that they are student-centered, both contain authentic ill-structuted
tasks, and they include collaborative learning guided by the teacher or tutor. At the same time,
PjBL’s student-centeredness is more pronounced compared to PBL, as it relies more on the
learner’s inputs during the projects (Loyens et al., 2012). Furthermore, in PjBL, the educator
appears more in the role of “instructor” and “coach,” while in PBL, the educator can best be
described as a tutor (Savery, 2006).

It is important to note that altough PBL and IBL have similar properties there are
fundamental differences between them. The difference between IBL and PBL is worth
examining from three aspects: (1) the main issue around which learning is organized, (2) the
time needed, and (3) the form of work (Spronken-Smith et al., 2007). In PBL, students
examine questions that already have the answers, so new discovery is not part of the learning
process, unlike it is in case of IBL. For the latter, students often need to perform examinations
to determine possible outcomes, so there are not necessarily predefined responses (Khan &
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O’Rourke, 2005). Thus, the two approaches develop completely different ways of learning.
This is why IBL is more time-consuming compared to PBL. There is also a strong emphasis
on the mode of collaboraations, as in the case of IBL, the collaboration of students in groups,
is optional. However, working in groups is a characteristic feature of PBL (Khan & O’Rourke,
2005; Spronken-Smith et al., 2007). Furthermore, in case of IBL, the teacher appears in the
role of an expert, but it is not characteristic for PBL. In IBL, the educator facilitates the
learning process and also provides information as a tutor. In PBL, the tutor only facilitates
and does not provide additional information about the problem to be investigated (Savery,
20006).

A\ M ac rot h i n k Journal of Studies in Education

Therefore, PjBIL is an active learning approach that focuses on some relevant, real-world
problems of interest to learners. This is supported by the fact that the research question is
formulated by the students themselves and then, in collaboration with each other, working in
groups, they create products that answer or are related to the research question. In PjBIL, the
emphasis is on research as well as collaboration. This is important because collaboration, as
well as inquiry skills related closely to research, can be considered as 21st century skills
(Binkley et al., 2012). The collaborative school culture clearly improves the students’
understanding of STEM (Science, Technology, Engineering, Mathematics) (Hesse et al., 2015;
Lomos et al., 2011; OECD, 2017). The relationship between PBL, IBL, and PjBIL is shown
in Figure 1.

Problem-based
learning

Project-
based
n

quiry
learning /

Active learning approaches

Project-based
learning

Inquiry-based
learning

Figure 1. The relationship between problem-based learning, inquiry-based learning,
project-based learning and project-based inquiry learning (based on Boss & Krauss, 2007;
Sproken-Smith et al., 2007; Krajcik & Blumenfeld, 2006)

Hereunder, we present some studies related to PjBIL and the lessons learnt from them.
Krajcik et al. (1998) examined the inquiry skills of 7th grade students. During the
development, students worked in groups and were given various inquiry-related projects.
After each project, the composition of the groups was changed, in that way each project was
completed by a newly formed group. The researchers found that students carefully designed
the experiments and the procedures, thought about control and sample, and how to organize
the data collection. At the same time, it was difficult for students to formulate a scientifically
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valid research question, to systematically collect and analyze data, and to draw conclusions.

Elementary school students were also studied in another experiment. Students participated in
two PjBIL sessions that had a positive impact on their information literacy and informational
technology skills (Chu et al., 2011). Spires et al. (2012) reported an experiment in which high
school students made videos with the goal of gaining new disciplinary knowledge. Their
research emphasizes that content from PjBIL can be further developed with multimedia
Internet resources. Through Internet access, students can share their findings with a wider and
more distant audience while getting feedback and potential inspiration from the work of
others. Researchers also make recommendations for practical implementation.

3.2 Game-transformed inquiry-based learning

Game-transformed inquiry-based learning is a new area of research in education. The term in
this form appeared in the international literature in 2018 (Srisawasdi & Panjaburee, 2018),
however, similar concepts appeared earlier (Table 1).

Table 1. The emergence of term game-trasnformed inquiry-based learning in the international
literature

Terms References

Game-transformed inquiry-based learning  Srisawasdi & Panjaburee, 2018

Game-based inquiry playing Dorji et al., 2015

Inquiry in open-ended game-based learning Sabourin & Lester, 2014
Game-based open inquiry Meesuk & Srisawasdi, 2014
Game-based inquiry learning Kennedy-Clark et al., 2011

The term game-transformed inquiry-based learning refers to the cross section of digital
game-based learning (DGBL) and inquiry-based learning when IBL takes place in a digital
game environment (Srisawasdi & Panjaburee, 2018). Therefore, this new idea carries the
benefits of both concepts. Educational games tend to emphasize the fantasy world, challenge,
entertainment and reward (Prensky, 2001; Sabourin & Lester, 2014). In addition, it is
important to create a balance between pedagogical content and game elements in educational
digital games (Rooney, 2012). Furthermore, digital games must rely on solid pedagogical
principles and scenarios that provide learning activities (Dorji et al., 2015). The emphasis is
on transforming the scientific content into game strategies and the pedagogical use of playing,
with the aim of improving students’ learning performance. This need has created the
game-transformed inquiry-based learning concept, which is a process-oriented, inquiry-based
active learning approach (Srisawasdi & Panjaburee, 2018).

The learning environment offered by DGBL can provide an extra motivation that supports the
successful completion of the research (Ketelhut et al., 2010). The digital environment ensures
access to the research techniques and settles safe management and conduct of a wide range of
activities. An important feature is that it provides opportunities for practice, repetition and it
also eliminates the practical limitations of the learning context (Srisawasdi & Panjaburee,
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2018). According to Bressler and Bodzin (2016), digital games for educational purposes
promote the flow experience and support the development of science practices as well.
Furthermore, they also have a positive effect on motivation and attitude towards the subject
(Hwang & Chen, 2017; Kennedy-Clark et al., 2011; Srisawasdi & Panjaburee, 2018).

A\\ M ac rot h i n k Journal of Studies in Education

When designing digital games for educational purposes, multimodality, tasks, and feedback
are extremely emphasized. Multimodality provides interaction between the game and the
learner through multimedia elements, interface, and narrative. Tasks should be designed at
different levels in order to help learners adapt to the play environment (Tan et al., 2007).
Another important element is the preparation of the narrative. A good narrative, i.e. a frame
story, helps learners to immerse themselves in the game, provides a dynamic interaction
between the player and the story, cognition and knowledge, action and understanding, it takes
them into a new place in both space and time, into the world of play, while it also engages the
player emotionally (Barab et al., 2010).

There is a strong interest in the international literature about the digital educational games
that, when embedded in content, achieve success in terms of student learning outcomes.
Examples include Crystal Island, River city and Factory. Crystal Island is a biology-themed,
narrative- and learner-centered virtual adventure game for 8th-graders. The central mystery is
what made the inhabitants of the island sick. Students must be solved the mystery by
applying the inquiry skills. Students’ knowledge of the topic, their commitment to the task
increased, and a positive correlation was shown between commitment, student feelings, and
strategies that are key features of research and problem solving (Lester et al., 2014; Sabourin
& Lester, 2014).

River city is a biology-themed virtual learning environment for high school students.
Students work in small groups, collect data, formulate hypotheses, and then test them. Finally,
they write an authentic laboratory report and compare their research with the work of other
classes. River city increased students’ interest in having a career in the field of natural
sciences and their knowledge of content (Ketelhut et al., 2010). Factory game is a
chemistry-themed virtual learning environment, which contributes to the increasing
motivation of high school students and promotes an understanding of different chemical
concepts (Srisawasdi & Panjaburee, 2018).

3.3 Web-based collaborative inquiry learning

The term web-based collaborative inquiry learning (WCIL) was introduced into the
international literature by Chang, Sung and Lee (2003). It refers to a student-centered activity
in which students use the Internet as a source of information and students collaborate with
each other in each phase of inquiry. The term also occurs as computer-supported collaborative
inquiry learning (Kollar et al., 2007; Makitalo-Siegl et al., 2010; Uribe et al., 2020).

The approach aims to increase students’ motivation, arouse their interest in the natural
sciences, and provide students with knowledge about how science works, such as how to
carry out a scientific research step by step (Bell et al., 2010). The term Nature of Science
(NOS) refers to the epistemology of science, science as a mode of cognition, or the values
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and beliefs associated with scientific knowledge and the development of scientific knowledge
(Abd-El-Khalick & Lederman, 2000). Therefore, the legitimacy of the approach is justified
by the growing demand for inquiry-oriented practices (NRC, 2012; NGSS Lead States, 2013)
and the rise of computer-supported collaborative learning (Bell et al., 2010).

Chang et al. (2003) proposed 4 phases of WCIL. These are (1) anchoring and planning, (2)
individual inquiry, (3) collaborative inquiry, and (4) concluding group’s results (Figure 2).

Anchoring Individual Collaborative Conclud’mg
- inqui inqui group's
planning quiry quiry results

Figure 2. The phases of web-based collaborative inquiry learning (based on Chang et al.,
2003)

Within each phase, additional learning activities and learning objectives are defined; the latter
aimed at practicing some inquiry or collaborative skills. Students complete the first two
phases independently, during which the problem to be investigated is identified, the
hypothesis is formulated, and relevant information is collected on the Internet to support the
hypothesis or to reformulate it based on the new information. The third, collaborative phase is
characterized by online information sharing, presentation and discussion of hypotheses, and
interaction between peers. This is when the most important element of the WCIL, the
collaborative argumentation, takes place, during which the students have the opportunity to
discuss what information and evidence support the hypothesis. At the same time, they are also
enriched with domain-specific knowledge during the discussion (Kollar et al., 2007). In the
last phase, the group product is prepared and finalized (Chang et al., 2003).

This approach also responds to the idea that in the 21st century, the teacher is no longer the
only source of knowledge and the learner has the ability to control computer systems,
programs, and collect data. Therefore, technology is an important tool in WCIL, as it allows
programs to perform simple tasks (e.g., display, organize, and calculate data) instead of
learners (Bell et al., 2010). The teacher’s activity therefore changes here, just like in IBL, and
can be summarized in five principles: (1) envision the lesson, (2) enable collaboration, (3)
encourage students, (4) ensure learning, and (5) evaluate achievement (Urhahne et al., 2010).

The World Wide Web used as a resource in inquiry learning supports the development of
higher-order thinking skills (e.g., critical thinking, problem solving) (Linn et al., 2003). At the
same time, some researchers point out that students have difficulty at self-regulating learning
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and this type of purposeful use of the Internet, as it provides an opportunity for the learner to
deal with something else. Therefore, proper scaffolding is extremely important to help the
learner in the learning process. Raes et al. (2012) compared the effects of two types of
scaffolding on knowledge acquisition and support for information problem solving:
technology-enhanced scaffolding and teacher-enhanced scaffolding. The essence of
technology-enhanced scaffolding is that part of the learning process is displayed on a screen,
and learners have some procedural knowledge on how to complete the task they see on the
screen, but this will not happen spontaneously. Therefore, questions and instructions should
be placed in the task, which encourage the learner to activate cognitive processes. In the case
of teacher-enhanced scaffolding, instructions are given by the teacher, and are determined by
the current needs of the students, meanwhile technology-enhanced scaffolding is static
(Bannert, 2009; Raes et al., 2012). Both scaffoldings have been shown to be efficient in
knowledge acquisition and metacognitive awareness of information problem solving (Raes et
al., 2012).

A kind of scaffolding is also provided by the web-based inquiry science environment (WISE),
which has features that support learning and emphasize the process of knowledge integration.
Knowledge integration (KI) treats ideas as building blocks and mobilizes the processes by
which building blocks can be produced. It aims to promote a coherent understanding of
research and science in education by emphasizing the ability to connect ideas, differentiate
between ideas, and construct arguments based on guiding ideas. WISE has the potential to
increase the knowledge integration of high school students (Ulus & Oner, 2020). Involve
students in research activities by aiming to examine issues that are relevant to students. It also
has several features, such as the Idea Basket or the Explanation Builder, that support students
in creating different ideas, tracking them, and suggesting explanations based on the ideas
(Clark & Linn, 2013).

3.4 Simulation-based inquiry learning

Simulation-based inquiry learning is a teaching/learning approach that involves students in
the process of scientific inquiry using computer simulations (Lazonder et al., 2010; Mulder et
al., 2015). So, the term means incorporating simulations into IBL, it is a kind of guided
inquiry learning. Formal research on simulation-based learning (SBL) began in the 1960s,
and the approach further evolved since the 1980s by the invention of new technologies.
Computer-based simulations and games have emerged that evolved into online web-based
simulations by the 2000s. Currently, its most researched areas are the use of multimedia and
game-based learning in SBL, as well as teaching sustainability with SBL (Hallinger & Wang,
2019).

Computer simulations are computer programs. Programs are based on a model that is usually
a simplification of a real natural phenomenon. The use of simulations is reasonable since it
may be difficult or impossible to model the real world with its every detail. Sometimes a
simulation is enough to achieve our goal, and it should also be kept in mind that using a more
realistic model always means higher costs (de Jong, 2011). Thus, simulations are
computer-generated, dynamic models of the real world and its processes (Smetana & Bell,
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2012). The main advantages of such a learning environment are that simulation arouses
curiosity in learners through open inquiry; provides a basic theoretical background for
developing testable hypotheses; provides an opportunity for the learner to create and observe
experimental settings; and helps learners draw vidence-based conclusions (Srisawasdi, 2018).
It has the additional advantage that the student’s scientific thinking and content knowledge
can also be developed by interacting with the simulation (Lazonder et al., 2010). Furthermore,
guided inquiry learning can support students at different levels of science achievement to
hihgly engage in science inquiry (Wen et al., 2020).

A number of useful information can be obtained from the learner-simulation interaction. On
the one hand, it can be examined directly whether the learner is able to set up a simulation,
design a new setting to test a hypothesis, or can draw the appropriate conclusions using the
simulation. On the other hand, it is worth logging student activity. During logging, the
program stores events that represent student actions. This provides an opportunity for later
logfile analysis, which is a new trend in educational research. Based on the logged events, it
is possible to examine whether the sequence of events generated by the students fits to a
theoretical schema, to analyze the time spent on the task (time-on-task) and, in general, the
behavior of the students in the program (Alrababah & Molnar, 2021).

Several studies deal with the fact that in simulation-based inquiry learning, as well as in the
case of web-based collaborative inquiry, scaffolding and the existence of background
knowledge are very important (Gijlers & de Jong, 2013; Huang et al., 2016; Kukkonen et al.,
2013). Kukkonen et al. (2013) examined on a group of 5th grade students how the concepts
used in a simulation changed in the students’ representation. In the experiment, the
researchers found that simulation-based inquiry learning enriched students' greenhouse gas
concepts compared to students who did not participate in the sessions.

According to Smetana and Bell (2012), computer simulations are most efficient in education
when (1) they are used as a supplement; (2) include high quality support structures; (3)
encourage student reflection; (4) promote cognitive dissonance. If these aspects are adhered
to, simulations can be used to develop students’ knowledge of science content and inquiry
skills, as well as to facilitate conceptual change. In a study by Srisawasdi and Panjaburee
(2015), summarizing the work of several authors, they show that simulation-based inquiry
learning causes changes in students' alternative ideas, improves the performance of acquiring
intuitive domain-specific knowledge, but at the same time highlights that it results in better
quality knowledge than formalized theoretical-focused knowledge, helps to understand
concepts coherently, and promotes a positive judgement of science. All of the above are
important aims in teaching science subjects (NGGS Lead States, 2013).

4. Discussion

To compare the innovative inquiry-based learning approaches presented in this study, Table 2
was prepared. The following aspects were considered relevant for the comparison: (1) main
focus, (2) students’ role, (3) teachers’ role, (4) additional focus compared to IBL, (5) learning
outcomes, and (6) educational level.
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Summarizing the innovative inquiry-based learning approaches presented, we can state that in
each case, learning takes place through scientific inquiry. Thus, the emphasis is that by
participating in a research, the learner can learn a number of skills and abilities (Kuang,
Eysinck, & de Jong, 2020), as well as enrich subject knowledge (Srisawasdi & Panjaburee,
2018). Furthermore, they are organized around active learning methods that rest on
constructivist foundations, so they emphasize the active participation of learners in
constructing their knowledge. As a result, the role of teachers also changes, helping the
process as a facilitator. In addition, they use a rich set of technological tools to respond well
to the challenges and expectations of the 21st century. It is common among research on
approaches that the works of the last 2-3 decades are the most relevant and there is little
empirical evidence.

The presented approaches differ in the phases of learning, the forms of work, the technologies
used and to what they focus beside the main research of IBL. The learning objectives and
learning outcomes are very diverse for each approach, and they show little development in
inquiry skills, which is otherwise an important goal of the original IBL concept. Among the
approaches, the application of project-based inquiry learning, game-transformed
inquiry-based learning and simulation-based inquiry learning is present in primary and
secondary schools (Chu et al., 2011; Kuang et al., 2020; Lester et al., 2014; Spires et al., 2012;
Srisawasdi & Panjaburee, 2018; Wen et al., 2020), as well as in higher education
(Bopegedera & Coughenour, 2020; Kennedy-Clarke et al., 2011; Bell & Trundle, 2008),
while web-based collaborative inquiry learning typically occurs in secondary schools (Raes et
al., 2012) and higher education (Xu & Xu, 2011).
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Table 2. Comparative table of project-based

inquiry

learning,

game-transformed

inquiry-based learning, web-based collaborative inquiry learning and simulation-based
inquiry learning

) ) Web-based ) )
Comparative Project-based Game-transformed . Simulation-based
o . . ] collaborative . .
aspects inquiry learning inquiry-based learning . . inquiry learning
inquiry learning
Main focus Learning through inquiry

Students’ role

Actively participates in the construction of his/her knowledge

Teachers’ role Facilitator
Additional Collaborative team High engangement in task Web-based Real-world
focus work collaborative phenomena
compared to team work
IBL
Learning Information Content knowledge, Digital literacy Scientific literacy
outcomes literacy and problem solving (Lester et (Raes et al., (Wen et al., 2020)
information skills al., 2014) 2012)
(Chuetal., 2011) Hypothesis
Content knowledge, Information generation,
Content knowledge motivation (Srisawasdi & literacy data collection,
(Bopegedera & Panjaburee, 2018) (Xu & Xu, domain knowledge
Coughenour, 2020; 2011) (Kuang et al., 2020)
Spires et al., 2012) | Positive change in attitudes
towards game-based Scientific
learning in science understanding
education (Kennedy-Clarke (Bell & Trundle,
etal., 2011) 2008)
Intrinzic motivation, Science epistemic
students’ perceptions of beliefs (Huang et al.,
their problem solving and 2016)
critical thinking (Hwang &
Chen, 2017)
Educational Primary school Primary school (Hwang & Secondary Primary school
level (Chuetal., 2011) Chen, 2017; Lester et al., school (Raes et | (Huang et al., 2016;
2014) al., 2012) Wen et al., 2020)
Secondary school
(Spires et al., 2012) Secondary school Higher Secondary school
(Srisawasdi & Panjaburee, education (Xu | (Kuang et al., 2020)
Higher education 2018) & Xu, 2011)

(Bopegedera & Higher education
Coughenour, 2020) Higher education (Bell & Trundle,
(Kennedy-Clarke et al., 2008)
2011)
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5. Limitation

One of the limitations of the study is that the articles reviewed were quested by the Google
Scholar engine, and we did not use the big databases directly. Another limitation is that we
did not consider the specific journals regarding different fields of science.

6. Conclusion

The most important outcomes of science teaching are content knowledge, scientific inquiry
skills, interest, and motivation. IBL and other methods combined with IBL and technology
were proved to facilitate the process of achieving the mentioned outcomes. Technology can
be used in many ways to support science education and it can be applied to almost every step
of IBL. Technology can also be used as guidance, scaffold, adaptive system, reflective
support, and so on (de Jong, 2019; Pedaste et al., 2017). Therefore, technology becomes an
integral part of learning and teaching, and a significant issue for teachers as well, from the
beginning of preparing learning experiences through to the teaching and learning process
(Eady & Lockyer, 2013).

However, there are some difficulties in successfully integrating technology into lessons.
Therefore, it is necessary to discuss the factors that hinder the integration of technology in
lessons. These factors are classified into two groups by Ertmer (1999). First-order barriers are
extrinsic factors for teachers that are related to resource types (e.g., equipment, time, and
training) and that are either incomplete or inadequately provided. Fundamental changes are
mostly hampered by second-order barriers, as these problems cannot be solved by providing
resources. Secondary constraints are related to teachers’ beliefs about teaching and learning
(e.g., teachers’ pedagogical beliefs). These barriers may be present together, but whichever
barrier appears, it hinders the effective integration of technology into teaching.

According to Tsai and Chai (2012), an additional third-order barrier is also present during the
integration of technology into a lesson. To overcome this limitation, the term “design
thinking” is proposed, which is a combination of knowledge and practice at a level in which
the advancement of ICT is associated with pedagogical benefits. It interprets and treats first-
and second-order barriers as problems that can be solved through creative thinking.

Successful integration of technology into the classroom requires different kinds of knowledge
and depends on the teachers' beliefs, confidence, and motivation. Therefore, if we want
technology-based learning approaches to become widespread in public education, the
above-mentioned barriers must also be considered (Hsu et al., 2017).
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