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CHAPTER 1 INTRODUCTION

1.1 Background of the study

Digitalisation and technological development have raised concerns about how people can
adapt the dynamic change in their social and daily lives. Those who can adapt to these changes
will benefit their future work. However, individuals who lack adequate preparation may face
insecurity and vulnerability in the workplace and social environment (OECD, 2017c). To
address this challenge, schools must prepare students with skills and abilities for changes that
are more rapid than before. Dealing with changes and unfamiliar situations is within the scope
of problem-solving construct (Greiff et al., 2012). Problem solving refers to the cognitive
process in transforming a given situation into a solved situation when there is no obvious
method or solution available (Mayer & Wittrock, 2006). It includes the willingness to engage
with such a situation to understand and resolve the solutions (OECD, 2014). Problem solving
has been studied for decades and is still considered an important skill in the 21 century (Baker
& Mayer, 1999; Care et al., 2016; Csapd & Funke, 2017; Dindar et al., 2022; Wirth & Klieme,
2003). Problem solving is one of the basic requirements to work in society which causes to an
increasing demand for people with high problem-solving ability in the workplace (Zhou et al.,
2012). Indeed, teaching problem solving on an educational level becomes a compulsion to
prepare students for their future life.

The integration of problem solving in education has been applied in curricula, for example,
the National Research Council (2012) specified problem solving as one of the core skills in K-
12 science education in the United Stated. The Indonesian national curriculum also included
problem solving as one of the core competencies to attain secondary education (BSNP, 2013).
The integration of problem solving as a core component in curricula has led to a surge in
research in the area of learning and instruction. Many studies have implemented a learning
strategy based on problem-solving activity in the classroom (Ferreira & Trudel, 2012; Kuo et
al., 2012; Lee-Cultura et al., 2022; Liu & Israel, 2022). In addition, the research of problem
solving is developing rapidly in the area of educational assessment with the standardised
measurement of problem solving developed in general context such as MicroDYN, Tailorshop,
MultiFlux, and the Creative and Collaborative problem-solving test (Greiff et al., 2012; OECD,
2014, 2017c; Stadler et al., 2015). Further evaluation of problem solving also applied to specific
problem phenomena in the area of science, mathematics, and technology (Bator & Szeberényi,
2021; Li et al., 2020; Seifried et al., 2020). This type of assessment is used mainly to support

the learning process during classroom practices.
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However, since problem solving is a complex process, it requires a dynamic connection to
both cognitive and affective factors. Problem solving in a specific domain is strongly connected
to prior knowledge to understand the problem situation, while general problem-solving does
not necessarily require prior knowledge, but is related to intelligence and reasoning processes
(Greiff & Neubert, 2014). Furthermore, affective factors such as attitude and motivation foster
engagement and the use of effective strategies in problem solving. Thus, including these factors
in the assessment process and analysing their connection to problem solving will give
comprehensive information to explain the dynamic of problem solving and its influencing

factors.

1.2 Research context

The assessment of problem solving has been widely studied in recent years. In domain-
general problem-solving, the assessment process is focused on the ability to solve real-world
complex problem scenario. Subsequently, measurement tools have been developed to address
problem solving based on a complex scenario known as complex problem solving (CPS). CPS
is defined as the successful interaction between dynamic environments which involves the
successful exploration and integration of information in the problem-solving process. The use
of complex problem solving as a general measurement of problem solving has been presented
in many studies (Greiff, 2012; Greiff et al., 2015; Stadler et al., 2015; Kyllonen & Kell, 2017).
The PISA survey also adapted the CPS framework in global measurement of creative problem
solving (OECD, 2014). In addition to general problem-solving, domain-specific problem-
solving measurement has been developed since the discovery of mathematical problem solving
(Polya, 1945). The assessment of domain-specific problem-solving is used in connection with
learning process, assisting students in problem-solving activities. To this point, the assessment
of domain-specific problem-solving has been expanding into various contexts such as
mathematics, science, and technology (Bator & Szeberényi, 2021; Gallagher et al., 2000;
Priemer et al., 2020; Szeberényi, 2013). Both domain-general and domain-specific problem-
solving offer different benefits in supporting individuals to deal with complex and general or
specific problem situation.

Since PISA (OECD, 2014, 2019¢) used problem solving as one of its global assessment
frameworks, information on student-level performance was collected in many countries to
support the further development of their educational system. However, Indonesia did not
participate in the problem-solving assessment, leaving no comprehensive information on the

level of problem-solving ability of their students compared to other country. As regards the
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assessment of problem solving in Indonesia, Wicaksono & Korom (2022) conducted a review
on research in problem-solving assessment within Indonesian context and found a limited
number of research paper explains the standardised assessment of problem solving. They found
all tests addressed problem solving in a specific domain of science and mathematics with less
information on the psychometric properties of the tests. Additionally, in the Indonesian
educational system, there are national assessments conducted at the end of the school level.
These computer-based assessments comprehensively examine students’ academic achievement
throughout their educational program, focusing on competency and literacy. This condition
contradicts the objective of Indonesian curricula that includes problem-solving ability as one of
the main focus of their educational purposes (BSNP, 2013). Indeed, there is no recent study of
comprehensive problem-solving assessment in the Indonesian context, which makes it
important to conduct a study on domain-general and domain-specific problem-solving
assessment.

The work on the evaluation of domain-general and domain-specific problem-solving is not
enough in itself to explain the dynamics of problem solving in the educational domain. To
develop a broader picture of the dynamics of problem solving, it is necessary to analyse other
components, either from a cognitive or affective perspective. Wu & Molnar (2022) discovered
reasoning as a component skill of complex problem solving that are beneficial for developing
strategies in a problem-solving environment. Friege & Lind (2006) emphasised the role of
knowledge as a precondition to solving a certain problem, which confirmed the importance of
specific knowledge and competencies in problem-solving activities. Several studies also
revealed affective factors such as attitude and motivation that potentially have a direct or
indirect effect on problem solving (Guven & Cabakcor, 2013; Martin, 2009). These affective
factors promote individual engagement, the use of strategies, and persistence when solving
problems. Both cognitive and affective factors have influenced problem solving with their
respective magnitude (Shin et al., 2003). However, existing studies on influencing factors are
limited to sequential investigation without considering all factors simultaneously. This hinders
the possibility to explain the interconnectivity of each factor in problem solving. Indeed, a
comprehensive analysis that includes multiple predictors will provide better explanations and
information regarding the dynamics of problem-solving.

To sum up, the present study fills the gaps from previous research by measuring students’
problem-solving ability along with their cognitive and affective factors in the Indonesian

context. This is followed by an investigation of the role of cognitive and cognitive factors,

12



gender, and socioeconomic status in problem-solving concurrently, exploring their influence on

predicting problem-solving in detail.

1.3 The structure of the dissertation

To present the core information and the result of the study, we organised the dissertation into
five main chapters. Chapter 1 as an introduction part, explains the rationale and context of the
study. This chapter shows the research gaps and explains the importance of the study which
addresses issues stated in the research goals. Chapter 2 provides the theoretical construction of
the study. It explains the terminology of the variables of each measure (problem solving and
cognitive and affective factors) and how those variables are connected to problem solving. This
chapter also presents the evaluation of problem-solving in the Indonesian context that forms the
basis of the study. Chapter 3 explains the methodology and general properties of the study.
Since the study is focused on problem-solving assessment, the adaptation and development of
instruments for problem-solving measurement (domain-general and -specific), cognitive
(inductive reasoning and scientific competency), and affective (attitude towards science and
science motivation) factors were explained along with the background information of the
students. The technique of instrument validity, evaluation procedure, sample, data collection,
and analysis are described thoroughly in this chapter. Chapter 4 shows the research aims,
questions, and hypothesis of the study. Chapter 5 presents the empirical findings of the study.
This chapter mainly addresses instrument validation results, student ability profile, and the
relationship between problem solving and cognitive and affective factors. This chapter outlines
seven parts, including the assessment of domain-general problem-solving, domain-specific
problem-solving, inductive reasoning, scientific competency, attitude towards science, science
motivation, and the relationship between cognitive and affective factors, gender, and
socioeconomic status on problem solving. Chapter 6 summarises the main findings of the study
and provides a theoretical explanation of the interpretation of the results. It presents the
implications and limitations of the study, as well as future recommendations for further research
on problem solving. I have used my previous publication for some chapters of the dissertation.
The publication related to the systematic review of problem-solving assessment in Indonesia
(Wicaksono & Korom, 2022b) is presented in Chapter 2. The publications related to empirical
evidence of instruments’ validation (Wicaksono & Korom, 2022a, 2023a, 2021) are presented
in Chapters 4 and 5. Furthermore, publications explaining the relationship between variables

(Wicaksono & Korom, 2023b, 2022c¢) are presented in Chapters 4 and 5.
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CHAPTER 2 LITERATURE REVIEW

This chapter provides the theoretical foundation of the study, explaining the basic understanding
of each variable and its connection based on a systematic review supported by previous studies.
I include several publications to explain some parts of this chapter, specifically in the theoretical
aspects of problem solving (Wicaksono & Korom, 2022b) and other variables (Wicaksono &
Korom, 2023a).

2.1 The concept of problem solving

2.1.1 Definition of a problem and solving a problem

To get a deep understanding of problem solving, many philosophers and psychologists think
about the root definition of problems and how to solve them. Based on the Cambridge dictionary,
we know the word ‘problem’ as a problem or situation that is regarded unwelcome or harmful
and needs to be dealt with and overcome. It can also be defined as a situation, person, or thing
that needs attention and needs to be dealt with or solved. All of them refer to something that
needs to be solved. The term ‘problem’ is conjugate with the word ‘solve’ the problem that
mathematicians refer to as problem solving (Schoenfeld, 1987). Others argue that the problem
is related to a condition, as Glaser et al. (2009) mentioned that the problem was a situation in
which we were trying to reach some goals. The solution can be a goal for problems, and every
problem solver is seeking it. In addition, it is important to emphasize that the problem has more
conceptual depth than just a question. There should be a clash between belief and claims when
thought and fact or thought and thought no longer agree (Carlson & Bloom, 2005). Problems
requiring creative solutions arise not only in the process of scientific discovery but also brain
teasers that may seem trivial at first but quickly make most people frustrated.

There are two classes of problems: ill-defined problems, which are characterized by the lack
of solution path (Jonassen, 1997). There is no exact solution, so there are multiple solutions to
such a problem, which makes solving the problem more challenging (Davidson et al., 2003).
Multiple arguments and problem representation may be the best way to find the right solution
for ill-defined problems. In contrary, well-defined problems, where the objectives, the way to
solve the problem and the obstacles to achieving the solution are well-known, based on the
available knowledge and information. Regardless of the nature of the problem, problem solving
involves a cognitive process to transform a given situation where no method or solution is
available (Mayer & Wittrock, 2006). In complement to this description, in the PISA assessment

framework, problem solving is described as an individual’s capacity to engage in cognitive
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processing to understand and resolve problem situations (OECD, 2014). It focuses on the
aspects of the problems and the quality of the solution.

The process of solving a problem becomes critical, whether it is carried out through a simple,
routine, familiar procedure, or requires complex cognitive operations. Many neurologists even
propose a speculative model of general problem-solving brain function that arises from a series
of subnetwork and systems-level interactions that together orchestrate multifaceted cognitive
procedures (Bartley et al., 2018). Indeed, problem solving can be defined based on its cognitive
processes. Polya, (1945) explained that problem-solving involves some activities including
understanding the problem, developing a plan, carrying out the plan, and looking back.
Furthermore, solving the problem is accounted for as variant formulations of seeking the truth
and building a foundation of knowledge. It is a principal unit of achievement (Nickles, 1988).
Davidson et al. (2003) explained that the stages of problem solving involve the ability to
recognise or identify the problem, define and present the problem mentally, develop a solution
strategy, organise their knowledge about the problem, allocate mental and physical resources
for solving the problem, monitor his or her progress toward the goal, and evaluate the solution
for accuracy. They said that these stages are not always processed sequentially throughout the
solution. Successful problem solvers are quite flexible in that sometimes solving one problem
gives rise to another problem, which needs to be solved through the problem-solving cycle.
Problem-solving activities work as a linear progression from one stage to the next level, where
problem solvers impose an enquiry process to discover the truth, find the formulation of good

problems, look for a solution for it, and test those solutions.

2.1.2 Domain-general and domain-specific problem-solving

Domain-general problem-solving encompasses the varied skillset that is necessary for a
person to adapt to the cross-cultural problem environment typical of contemporary societies. It
touches on several cognitive and metacognitive skills such as information processing,
representation, and evaluation of knowledge, reasoning, self-regulation, meta-strategic thinking,
proactive planning, and decision-making (Greiff et al., 2014). The predictive value of domain-
general problem-solving in educational and occupational contexts reflects the relevance of these
skills in daily life in the 21% century. For example, in the secretary job, organising and
scheduling a business meeting relies on domain-specific solutions, such as the standard
procedure for planning and scheduling meetings and events. To do this task, a combination of
factual knowledge and domain-specific problem-solving strategies will usually suffice.

However, in some cases, a new situation might arise or might unexpectedly change in such a
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way that the current solution is not sufficient to solve the problems. This is when domain-
general problem-solving comes into play. It has the purpose of adequately communicating new
situations, exploring alternative solutions, and making quick and correct decisions and
adjustments (Greiff & Neubert, 2014).

The problem-solving complexity appears not only for its characteristics but also its
application in a certain condition or problem situation. Despite being manifested in intelligence
and general domain ability, some studies put problem-solving in a special, domain-specific,
based on its context. This term appeared when Poélya (1945) used problem solving in
mathematics education. He uses problem solving in starting mathematics learning and later
describes problem solving in several steps, starting with understanding the problem, devising a
plan, carrying out the plan, and evaluating the problem solution. Then, many educational
practitioners and researchers implement problem solving in a specific subject with various
learning situations (Mukhopadhyay, 2013; Yu et al., 2010). Indeed, the acquisition of problem
solving for students is mostly provided by teachers through the teaching-learning process. They
mainly deliver problem-solving in domain specificity based on the learning topic. The main
feature of domain-specific problem-solving lies in the position of knowledge for problem
solving construction. Hence, back to the core of the main function of problem solving in giving
a solution to a problem, the knowledge and strong information related to the problem are needed.
During problem solving activity, the solution idea mostly arises depending on the information
processed (Walker et al., 2016). Wolftf (2017) expresses the strong effect of knowledge-based
knowledge in solving problems. This knowledge is not only specified for the content
information, but also acts in organising and representing information to facilitate an efficient
problem-solving process. The other study argued that problem solving is one of the human
competencies that are considered domain-specific, it has a relatively narrow domain (Sternberg,
2018). As a competency, most people had mastered it in one specific domain and were less so
in others. Furthermore, some studies focused on joint action in solving a problem, and the fact
that their specific condition with the problem, suggesting the importance of a situated condition
in problem solving. This makes an argument that if someone is going to solve one problem,
they cannot guarantee that they can solve another problem in a different situation. Thus,
knowledge-based problem solving can be broken down into two categories based on the
information in the subject-related problem and how they use or process it. The main core of this
logic is that differences between knowledge attributes (facts, theories, principles, definitions,

and strategies) play a different role in the way of solving the problem starting from exploring
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the context, discovering information, building a hypothesis, and confirming or verifying the

solution (Csap6 & Funke, 2017).

2.1.3 The assessment of domain-general and domain-specific problem-solving

2.1.3.1 Assessment of complex problem-solving

Complex problem-solving (CPS) is one of the domain-general that is characterised by the
successful interaction with a dynamic task environment and gained integrated information in
that process (Wiistenberg et al., 2012). It is also described as a successful interaction with non-
routine and dynamic changing of environment. It represents a variety of situations that occurred
in daily life (Rudolph et al., 2017). CPS emphasises a complex cognitive system, such as plan
the action, develop strategy, acquire knowledge, and perform the evaluation that led to specific
goals (Funke, 2010). Basic knowledge is needed to identify the most relevant structure of the
problem and helps in covering possible states of the problems, as well as the problem structures
and schemas. The benefit of knowledge is related to fast prediction and problem analysis, which
allows the problem solver to accept, reject, or modify previous assumptions (Greiff et al., 2015).
However, the main point in solving complex problems is that not all the information is
necessary to solve the problem. It relates to a process in generating information processes with
adequate strategies and procedural abilities to control the given system (Wiistenberg et al.,
2012).

As a part of domain-general problem-solving, CPS is independent from domain-specific
knowledge. Knowledge is important, but in the CPS task, a lot of information is not needed
because it will result in decreasing the process of controlling the system and integrating
knowledge. The requirement of a problem solver in a complex problem-solving scope includes
(1) the complexity related to reducing information, (2) transparency in generating information,
(3) interconnectedness in building the problem model, (4) dynamics in forecasting and
controlling future development, and (5) polytely. CPS is comprised of two phases, knowledge
acquisition and knowledge application (Dindar, 2018; Funke, 2010; Greiff et al., 2014). In the
knowledge acquisition phase, the problem solver identifies the dynamic and variables provided
by the system and tries to develop a representation of the stated problem. They need to explore
and understand the complex system. In the knowledge application phase, the test takers
transform the complex system into a specific state and control it by updating their knowledge.

The assessment of CPS varies between studies. In some cases, their results reported many

variations and differences. Based on a meta-study in the assessment of CPS, the test was coded
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into three different measurements involving classical CPS measurement, single complex system
(SCS), and multiple complex systems (MCS) (Stadler et al., 2015). A classical measurement of
problem solving, for example, microworlds, emulated real-world problems (Greiff et al., 2015).
At the very beginning, microworlds present very broadly and multiple problem situations that
are intact to society, such as governing a small town. Then it was replaced by specific problem
situations in the new context “microworlds taylorshop” that represents problems in the retail
business (see Figure 1). All of the variables included in the Taylorshop are very similar to real-
world problems, even if the test taker manipulates those variables, it can give result in the
microworld that is similar to the real condition (Greiff et al., 2015). Hence, the classical
problem-solving test may be simple, but it is necessary to give a simulation of realistic problem
situations. There are some limitations to the use of classical measurement in assessing problem
solving. Researchers developing classical CPS measurement did not make systematic use of a
common theoretical framework to produce comparable problem-solving tasks, but likely
focused on real-world resemblance (Funke, 2001). Another weakness in classical measurement
is that one task comprises several interrelated items. The solution of the problem is influenced
by many other variables and previous actions; thus, the items are hardly independent of each

other.
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Figure 1. The example of taylorshop task (Greift, Stadler, et al., 2015, p. 103)

In addition to classical measurement, problem-solving tests have also been developed in
the form of a single complex system (SCS). One of the popular SCS problem-solving tests is
MultiFlux, which was firstly designed by Kroner et al. (2005) based on the linear structural
equation system (Figure 2). This test is considered as a one-item test because the scenarios are
generally constructed by a specific system configuration. Indeed, every indicator that assesses
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every domain in this test during system exploration is related to the same structure (Wiistenberg
et al., 2012). Even when the test taker performed the different tasks in the test series with
different goals, it still depends on the same structure of the system. In this programme,
participants will explore some tasks that have an additional effect on the generation of
knowledge. This test assesses problem solving while minimising the undesirable effect of
domain-specific prior knowledge that was set in embedding an overarching cover story centred
around exploring and controlling fictitious machine (Christ et al., 2020). The MultiFlux has
four principles in their system, including rule identification strategy, causal knowledge, rule

knowledge, and rule application (Wiistenberg et al., 2012).
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Figure 2. The example of multiflux task (Christ et al., 2020, p. 4)

The third type of CPS is the multiple complex system (MCS), which has some differences
compared to classical and SCS in terms of the variables. MCS focuses on psychometric
properties and the core features of CPS (Greiff et al., 2015). In contrast to classical and SCS
problem solving, MSCs use multiple and independent items to assess problem-solving ability
(Wiistenberg et al., 2012). One of the MCS problem-solving tests that is widely used in the
assessment process is MicroDYN. This test is a computer-based assessment with multiple
independent elements and multiple control roles in each element (Greiff, 2012). This test
consists of 8—10 complex items with 3 different input variables (denoted as A, B, C) and three
output variables (denoted X, Y, and Z) (Rudolph et al., 2017). The input variables influence the
output variable so that only the input variables can be actively manipulated by the problem
solver. Thus, there are two types of interconnections between the variables in which input

variables influence the output variable or output variables influence each other or themselves
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(eigendynamic). As is seen in Figure 3 for the example, the input variable ‘A’ can influence the
output variable 'X', while the variable 'B' influences the variable Y or Z. Even the same output
variable, such as the variable "Y', can influence the variable ‘Z’. Then, variable C influences
variable Z, and so on. This complex interrelation between variables is worked on based on the

specific equation in which all possible relations are equal to the number of the output variables.

A |—' g X
B Y
C Z
Inpul Variables Output Variables

Figure 3. The scheme of variable involved in the MicroDYN test (Wiistenberg et al., 2012, p.
4)

MicroDYN, as one of the online-based CPS tests, allows test takers to use multiple
independent items and multiple control rounds within their items (Schweizer et al., 2013). Since
test takers must find the relationship between the input and output variables, the MicroDYN
framework was constructed based on linear structural equations (Greiff et al., 2012). Test
administration was started with a brief explanation about general instruction and test trials to
make test takers familiar with the handling and other components of the test. All items in the
test are manifested by two different phases, knowledge acquisition and knowledge application.
In the knowledge acquisition phase, test takers identify and explore the system by modifying
the input variables and verify their effect on the output variable indicated by the change in their
value. Here, their strategy is assessed based on their actions to understand the system structure
(facet rule identification). At the same time, test takers must note the relationship between the
input and output variables by drawing a line to connect both related variables. In this phase, the
knowledge of the facet rules was assessed as the correct result of the causal relationship model.
In the knowledge application phase, the test takers will face the same items, but they must reach
a specific value in the output variable by manipulating the input variables. In this phase, test
takers were given a correct causal relationship between the input and output variables before
completing the test. The test takers must reach a certain value in the input variable with no more

than four control rounds. The application of facet rules was evaluated in this phase. As an
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example, Figure 4 illustrates the MicroDYN task. In this test, students are presented with three
input variables related to cat food (brekon and mikas) and two output variables for cat behaviour
(purring and movement). The aim of the task is to explore and find the relationship between
input variables (cat food) and output variables (cat behaviour). In the first phase, students
explore the system by manipulating or controlling the value of input variables and observing
the changing in the output variables. Through these activities, they are expected to figure out
the connection between variables and represent it in a model. In the second phase, students are
asked to reach the target value in the output variable. Consequently, they must accurately adjust

the value of each input variable.
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Figure 4. Screen capture of the MicroDYN task in “cat’s food and behaviour” during the
application phase (Wu & Molnér, 2021, p. 1016)

2.1.3.2 Assessment of domain-specific problem-solving in science

The problem-solving test in specific domain was raised since the invention of mathematics
problem-solving which led to the development of research in problem solving and scientific
inquiries (Schoenfeld, 1987). The first problem-solving test was assigned several sets of
indicators, including understanding the problems, devising a plan, carrying out the plan, and
evaluating the problem solutions (Pdlya, 1945). Later, the problem-solving test developed in
different contexts like science with the use of those indicators and presented in science problems
and phenomena. The progression of the problem-solving framework also occurs due to
psychological approaches and cognitive theory. The framework was changing, and information
was adapted by several researchers. As an example, Rausch & Wuttke (2016) documented the

phases of a problem-solving approach. They identify four main steps including (1) identifying
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information gaps and needs for action, (2) processing information when information and
knowledge related problems are stored, interpreted and used to understand the problem and
make a decision (Lachman et al., 2015), (3) coming to a well-established solution. Based on
available information and cognitive processing, a solution can be proposed with strong
analytical calculation and (4) communicating the decision, although the problem is solved, it is
necessary to communicate the result of the solution of the problem. Hence, communicating a
solution in oral or written form and making anyone aware of it becomes an important facet of
domain-specific problem-solving. Schoenfeld (2013) explains that if a person wants to engage
in a goal-orientated activity, such as problem solving, he or she needs to make a series of
activities, such as stating the goals, maintaining individual knowledge or resources of his or her
disposal, developing individual beliefs and orientation, and making decisions.

The other approach came from Singer & Voica (2013), which described problem solving in
four phases including decoding (transporting text into compatible data), representing
(transposing problem through mental model), processing (identifying mental model and mental
configuration based on the identified model and personal competencies), and implementing
(applying techniques for a particular problem to generate solutions). Similarly, the other study
in STEM education also categorised problem solving into four distinct variables with the main
focus on the monitoring and self-regulation approach. The four variables include analysing the
task, creating a plan, executing the plan, and monitoring understanding and actions (Phillips et
al., 2016). The diversity of problem-solving frameworks mostly lies within the focus of
assessment activities, in which some frameworks emphasise data information suitable for
problem solving related to data science. On the other hand, some frameworks focused on
monitoring activities and empowering the self-regulation system. Thus, all approaches to
problem solving can be varied in their construct based on the context and needs, but the core
concept of problem solving should be addressed by involving components of the problem and
solutions.

Domain-specific problem-solving has a different position in real-life problem-solving
activities. Although domain-general problem-solving plays an important role in the daily
routine real-world problem-solving context as basic intelligence skills, domain-specific
problem-solving is mostly used in educational training for teaching problem solving. Also, for
a complex and specific problem situation, the procedure for making solution and decision is the
same as the specific domain problem-solving approach. That makes sense, in the real world, a
complex problem should be given by experts to solve it. In fact, they also use a general domain

framework to solve the problem efficiently. In conclusion, both general and specific problem
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solving are needed in solving a real-world problem when domain-general plays as basic
intelligence in individual skills and specific domain support in providing a problem-solving
approach with comprehensive knowledge and information.

The problem-solving measurement task can be constructed in different forms and formats.
One example of a problem-solving test on a science topic (biochemistry and molecular biology)
used multiple-choice completions for the assessment (Bator & Szeberényi, 2021; Szeberényi,
2013). This test presented problems using lab experiment scenarios with additional explanations
of the experiment’s procedures, the data, and the results. The students must find the right answer
to the questions by identifying the experimental procedures and data. Thus, this type of
problem-solving test is based on knowledge and targets a specific population, such as medical
and science students (see Figure 5). At the high school level, the problem-solving test was found
in the form of open-ended questions and multiple choices. The study conducted by Fortus et al.,
(2005) presented well-defined problem-solving test in the scope of earth science (Figure 6).
They focus on assessing problem-solving ability with the support of prior knowledge and

representations relevant to the problem.
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Figure 5. The items sample of the biology problem-solving test (Szeberényi, 2014, p. 89)
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19 Anigloo is a structure that is used
for survival in extremely cold
environments with snowstorms. |
The structure is typically made of
blocks of ice laid one on another
in order to from the shape of a
dome. Describe how you would
test this structure to collect data
on it ability to withstand static
forces and dynamic forces, and
how well it prevents heat loss.

(a) Static and dynamic force test
description:

(b) Prevent heat loss test description:

Figure 6. The items sample of the science problem-solving test in high school (Fortus et al.,
2005, p. 878)

2.1.3.3 International large-scale assessment of problem-solving

In the domain-general problem-solving, one of the most well-known assessments is creative
and collaborative problem-solving conducted by the Programme for International Student
Assessment (PISA). They have developed assessment tools to compare the educational system
worldwide (OECD, 2016). In 2012, PISA introduced a cognitive problem-solving assessment
framework with a computer-based test design in which students face daily routine real-life
problems such as using a new mobile phone, how to fix problems with lamps and electricity, or
finding some location with a different path/route (OECD, 2014). However, they involved
nonroutine tasks, but the problems are pointed to general knowledge strategy. The PISA creative
problem-solving framework is presented in three distinct aspects: the nature of problem
situations, the problem-solving process, and the problem context (Table 1).

The PISA creative problem-solving test consists of static and interactive tasks. The static
tasks focus mainly on decision-making problem tasks with different types of static units. All
units are based on computer video game mechanics (Dindar, 2018). The interactive unit in the
PISA test belongs to complex problem-solving, MicroDYN, and finite-state automata (OECD,
2014). They use the 'control' and ‘exploration’ of an unknown system for student problem-
solving tasks. Four units in the test are MicroDYN units, and six of them are finite-state
automata. The measurement of the PISA creative problem-solving test is classified into seven
proficiency levels (below 1, 1, 2, 3, 4, 5, 6, and 7) based on the items or units for which the test
taker can solve. The lowest level, below 1, is presented by the ‘traffic’ task. In which the ability

of the test taker problem-solving proficiency is about the ability to read the travel time of a
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simple network diagram to find the shortest route between two close points on a map. All
necessary information is disclosed at the beginning of the report and response options are
provided. The correct solution can be found with a few simple trial-and-error iterations. The
highest level is presented by the ‘robot cleaner’ task (see Figure 7). If the test taker reaches this
level, he/she will acquire the highest problem-solving skills in which he/she fully describes the
logic governing an unfamiliar system. After observing the behaviour of a simulated robot
cleaner, the student identified and wrote down the two rules that, together, completely describe
what a robot cleaner does when it meets certain kinds of obstacles.

Table 1. The description of the creative problem-solving framework in PISA 2012 (OECD,
2014, p. 126)

Main aspects Details
Interactive: Not all information is disclosed; some information must be
The nature of uncovered by exploring the problem situation
problem situations Static: All relevant information to solve the problems is disclosed at the
outset

Exploring and understanding: The information provided with the problems
Representing and formulating: Constructing a graphical, tabular, symbolic,
or verbal representation of the problem situation and formulated hypothesis
about the relevant factor and the relationship between them

Planning and executing: Devising plan by setting goals and subgoals and
executing the sequential steps identified in the plan

Problem-solving
process

Monitoring and reflecting: Monitor progress, react to feedback, and reflect

on the solution, the information provided with the problem, or the strategy

adopted.

Setting: Technological devices (use technology or non-technology)
Problem context embedded in problem scenario

Focus: The subject of problems related to (personal or social)

Later, a different type of problem-solving test, collaborative problem-solving, was developed
by incorporating creative problem-solving tasks with team collaboration features (OECD,
2017a; Pasztor-Kovacs et al., 2023). This construct has a rationale based on workplace demand,
in which problem-solving is not needed for an individual task only, but for a whole team project.
The problem itself presents a common goal for individuals. In a task in which no single
individual can solve the problem independently, collaborating with others becomes essential
for a successful result. This collaboration combines methods of joining resources in response
to the analysis of the problem space (Care et al., 2016). Even in the school environment,
collaborative interaction between students in class performance will result in better

achievement and their ability in solving tasks (Fawcett & Garton, 2005).
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ROBOT CLEANER

The animation shows the movement of a new
robotic vacuum cleaner. It is being tested.

Click the START button to see what the vacuum
cleaner does when it meets different types of
objects.

You can use the RESET button to place the
vacuum cleaner back in its starting position at
any time.

Question : ROBOT CLEANER

The vacuum cleaner's behaviour follows a set of rules. Based on the animation, write a rule that describes what the vacuum cleaner does
when it meets a yellow block.

Figure 7. The example of PISA problem solving test; showing the task to identify the work
pattern of robot cleaner (OECD, 2014, p. 42).

2.1.4 The assessment of problem solving in Indonesia

The evaluation of problem-solving skills has been done in many countries, since PISA
launched a collaborative cognitive problem-solving assessment. In Indonesia, the lack of
participation in PISA or other global problem-solving assessment programmes result in limited
information about students’ problem-solving ability compared to other countries. Despite many
studies conducted on problem-based learning to improve student problem-solving skills in
Indonesia (Asyari et al., 2016; Iswandari et al., 2017), only few studies have been found on
assessment area. The review of the literature on problem-solving assessment in Indonesia was
done by Wicaksono & Korom (2022) to evaluate the problem-solving assessment developed in
the Indonesian version. The study on problem-solving test was collected by conducting a
comprehensive search in the databases DOAJ, Research Gate, ERIC, and Google Scholar
published from January 2010 to December 2019. The search strategy is varied between

9% ¢e 9% e

databases, but it commonly includes keywords such as “assessment”, “test”, “problem-solving”,

“mathematics and science”, “validation/validity”, or “Indonesia”. Systematically a search was
conducted by entering the combination of keywords in the databases in English and Indonesian.
All the studies collected were conducted in Indonesia and administered the Indonesian version
of problem-solving tests. All published studies in journal and conference proceedings are
included in the review. All studies included in the review met the following criteria: (1) the tests
are standardised; (2) the sample size of the study was reported; (3) having empirical results in

validity and reliability; (4) the tests are projected to 7-12 grade and university students. The
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total amount of 93 studies on the Indonesian problem-solving test was found. 61 (65.59%) of
them were excluded because the study only showed the test design without any report on the
empirical study. In the end, a total number of 32 (34.41%) studies were included with criteria
to show the results of the structure, validity, and reliability of the test. The features related to
the focus of the study were coded including: (a) the topic/content of the test focus (i.e.,
mathematics, science, physics, chemistry, or biology), (b) the test development quality that
indicated by validity and reliability value, (c) grade distribution, (d) test framework, indicate
by the theoretical background used for developing test items, and (e) sample size.

Out of the 32 published studies used in the review, 1 study (3.13%) was found in 2012,
followed by 2 (6.25%) studies in 2014, 1 (3.13%) in 2015, 4 (12.50%) in 2016, 7 (21.87%) in
2017,9 (25.12%) in 2018, 5 (15.63%) in 2019, and 3 (9.37%) in 2020. The tests used a specific
subject and a different problem-solving framework. Each problem-solving framework is
translated into multiple choice and essay-form questions. The total of items developed in the
studies ranged from 5 to 103 items, where all tests are in paper form. The details of the problem-
solving test founded in Indonesia are described in Table 2.

In developing a problem-solving test, each study used different frameworks and indicators.
Most of the study used Polya’s problem-solving framework in which the items represent skills
to understanding the problem, devising a plan, carrying out the plan, and evaluates the problem
solution. It recorded that 11 of 32 studies used Polya’s problem-solving framework and were
translated into one or more different questions. The other 3 studies used Doctor and Heller’s
problem-solving framework that has a specific term in physics or science context. 3 studies
used the OECD cognitive problem-solving framework that was modified to specific
mathematics and chemistry questions. Furthermore, nine studies used different references to
construct test items to solve problems. There is one study that did not explicitly mention their
main references but only gave an explanation that they used problem-solving indicators in
choosing a strategy to solve mathematical problem-solving. The last five studies did not explain
their construct framework explicitly and only mentioned ‘solving the problems’. The detailed

problem-solving framework used in the literature study is shown in Table 3.
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Table 2. The problem-solving test developed in Indonesia

No Author (s) Year Subject Test items Nu@ber of  Reliabilit Type.of
z type  participants y validity
1 Sinaga 2016 mathematics 5 essay 90 .650 Content &
Construct
2 Pardimin et al. 2017 mathematics 5 essay 90 .803 Content
3  Anggraenietal. 2018 mathematics 15 essay 40 732 Content
4  Wahyuningrum 2014 mathematics 5 essay 122 .595%* Content &
Construct
5 Zulkarnainetal. 2018 mathematics 5 essay 30 .690 Content &
Construct
6 Ariawan 2016 mathematics 6 essay 78 .640 Content &
Construct
7 Bidasari 2017 mathematics 12 essay 36 871 Content &
Construct
8 Novita 2012 mathematics 15 essay 25 737 Content
9 Februarinietal. 2017 mathematics 6 essay 38 .800 Content &
Construct
10 Putra 2017 mathematics 5 essay 10 .580%* Content &
Construct
11 Subekti et al. 2014 mathematics 5 essay 29 761 Content &
Construct
12 Hendriyana et 2018 mathematics 5 essay 66 .884 Content &
al. Construct
13 Peranginangin 2019 mathematics 4 essay 32 151 Content
et al.
14 TIrawati et al. 2018 mathematics 4 essay 5 780 Content &
Construct
15 Alfika et al. 2018 science 5 essay 10 .697 Content
16 Hidayat et al. 2017 science 15 essay 35 .880 Content &
Construct
17 Lutfiet al. 2019 science 15 essay 30 .835 Content &
Construct
18 Pratiwi et al. 2015 physics 15 essay 35 917 Content
19 Nadapdap etal. 2017 physics 52 multiple 281 .800 Content &
choices Construct
20 Syifauliyah 2019 physics 10 essay 30 .880 Content
21 Lestari et al. 2019 physics 5 essay 40 .839 Content &
Construct
22 Sinensis et al. 2019 physics 20 essay 52 7159 Content &
Construct
23 Kurniawanetal. 2018 physics 8 essay 60 .670 Content &
Construct
24 Yulianti et al. 2018 physics 10 multiple 34 780 Content &
3 choices Construct
25 Sutiadi et al. 2016 physics 24 essay 37 431* Content &
Construct
26 Rifa’ietal. 2018 physics 5 essay 101 .621 Content
27 Savitri et al. 2020 physics 5 essay 25 170 Content &
Construct
28 Wardhanietal. 2020 physics 5 essay 25 .800 Content &
Construct
29 Faturrahman et 2016 chemistry 10 essay 37 730 Content
al.
30 Harta 2017 chemistry 5 essay 127 930 Content &
Construct
31 Hidayat et al. 2018 chemistry 4 essay 42 710 Content
32 Ridhwan et al. 2020 biology 10 essay 136 .876 Content &
Construct
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Note: The reliability value shown in the table uses Cronbach-alpha reliability. *the past reliability cannot be
considered as high (e.g. above .80) or at least marginally acceptable (e.g. above .60) (Gliner et al., 2016).

Table 3. The Problem-solving frameworks used in the literature study

Authors

Problem-solving aspects

Subekti et al. (2014); Alfika et al. (2018);

Pardimin et al. (2017); Wahyuningrum (2014);
Pratiwi et al. (2015); Nadapdap et al. (2017);
Lestari et al. (2019); Anggriani et al. (2018);
Hendriyana et al. (2018); Irawati et al. (2018);

Wardhani et al. (2020);

Hidayat et al. (2017); Syifauliyah (2019);
Savitri et al. (2020)

Bidasari (2017); Novita (2012); Hidayat et al.

(2018)

Putra (2017)

Kurniawan et al. (2018)

Sinensis et al. (2019)

Luthfi et al. (2019); Sutiadi et al. (2016);
Peranginangin et al. (2019)

Faturrahman et al. (2016); Ridhwan et al.
(2020)

Yulianti et al. (2018)

Februarini et al. (2017)

Ariawan (2016); Zulkarnain et al. (2018);
Sinaga (2016); Harta (2017); Rifa’i et al.
(2018)

(a) understanding the problem, (b) devising a plan, (c)
carrying out the plan, and (d) evaluating the solution of the
problem (Polya, 1945).

(a) Visualising the problem, (b) using physics approach, (c)
making a specific application in physics, (d) using a
mathematical procedure, and (e) defining logic conclusion
(Docktor & Heller, 2009)

(a) exploring and understanding, (b) representing and
formulating, (c) planning and executing, (d) monitoring and
reflecting (OECD, 2014)

(a) Formulating the problem, (b) defining semistructural
information, and (c) achieving the solution (Sumarmo, 2015)

(a) combining imaginative skills, (b) developing a model, (c)
conducting an investigation, (d) analysing data and making
conclusions (Butterworth & Thwaites, 2013)

(a) Problem schema, (b) analogy, (c) causal, (d)
argumentation (Jonassen, 2010)

(a) identifying the problem, (b) determining goals, (c)
making strategy, (d) exploring strategy, (e) making action
(Brookhart & Nitko, 2014)

(a) identify the problem, (b) define and represent the
problem, (c) explore possible strategies, (d) act on the
strategies, and (e) look back and evaluate the effects of your
activities (Bransford et al., 1986)

(a) Scientific approach, (b) structured and unstructured
manner, (¢) memory-based approach, and (d) no clear
approach (Walsh, et al., 2007)

Choosing a strategy to solve the problems.

Solving the problem

The problem-solving test developed in the Indonesian context strictly follows the national

curriculum regulation and is administered as core competency in the curriculum. The tests
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addressed specific topics and targeted different grades. Of the 32 studies collected in this
review, they specifically addressed a certain grade. Starting from middle school from grade 7
to grade 9, 10 studies are founded for the mathematics problem-solving test and 4 studies for
the science problem-solving test. In high school, problem-solving tests are available for
mathematics (4 studies), physics (4 studies), chemistry (3 studies), and biology (1 study). Then
for the undergraduate level, the problem-solving test is only found in physics (5 studies) and
mathematics (1 study) courses. The topic used in the problem-solving test varied across the
grades. The subtopic and subject competency are different from grades 7 to 12. For the
undergraduate level, there is no restriction because every higher educational institution can
construct and modify its curriculum. There is a general standard for higher education in
Indonesia provided by the national education department, but every institution or university has
the authority to make and implement its educational system. The detailed topics of the problem-

solving items are given in Table 4.

Table 4. Topic distribution of problem-solving assessment tools in Indonesia

Grade Mathematics Science

7 Set and number, linear Environmental issue
function, geometry.

8 Statistic and probability, Force and motion, wave and sound
linear function, geometry

9 Set and number, geometry, -
algebra, statistics
Mathematics Physics Chemistry Biology
10 Trigonometry Work and energy Periodic table ~ Environm
and chemical  ent and
reaction pollution
11 Function Wave and sound, elasticity, Stoichiometry, -
optical instruments, static fluid, Acids and
temperature, and heat bases
12 Set and number - - -
Under Calculus Thermodynamics; Dynamic - -
graduate electricity; momentum and

impulse

The review also investigates the empirical validity and reliability test used in the study. The
developed tests used Cronbach alpha reliability to check the item consistency, and it was done

by SPSS software. From the reliability result, only three tests have a low-reliability score (r <
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.60). 19 tests have an acceptable reliability score (r-value between .60 and .80) and 10 studies
reported a high reliability score (r > .80). In term of validity, 10 studies only reported the result
of content validity and 22 studies reported both contents and construct validity. The content
validity conducted by the studies was focused on the topic consistency in which the item's
writing is correct based on the knowledge background and the language composition. The
number of experts involved in content validation ranged from 2 to 7 people. Many of them are
university and high school teachers who have experience teaching related subjects. All studies
were taken into account and made judgments based on expert evaluations. Therefore, some
revisions were made until all items were considered valid by experts.

The construct validity was done by 22 studies that showed valid evidence of the developed
items. Most studies, 19 of them, used Pearson's correlation analysis to measure the item's
validity. They showed validity with good results, high positive r value and significant statistics.
The r value is varied between studies, the lowest value is about r = .38 the highest is r = .88.
All tests in the studies are considered acceptable and valid. Furthermore, 3 studies used Rasch
analysis to determine the validity of the item. They measure infit MNSQ to check the fitting
items with the model. The tests showed that the infit MNSQ index ranges from 0.99 to 1.03
with an acceptable range of 0.7 to 1.3 (Griffin, 1999). That result means that all items measure
problem-solving skills correctly. All problem-solving tests developed in Indonesia are within
the scope of certain content knowledge and subject (mathematics, physics, chemistry, biology,
and science for junior high school). The knowledge acquired from experience to the current
situation will help the individual generate a solution to a problem. Depending on the nature of
a problem, different knowledge plays a different role in the problem-solving process because
problems occur with different conditions (Liao, 2002). Due to its preference for a specific
context, this assessment contributes greatly to promoting problem-solving skills in educational
practise. The tests are designed as a part of the teaching and learning process and the context of
the test is matched with the core competency of the curriculum that the students are learning
about. This test also serves as an evaluation of student competency both in problem-solving
skills and in subject course.

Problem-solving tests are available for high school and university students. All tests were
designed for specific domains and most of them used the Polya’s problem-solving framework.
In this case, Pdlya’s problem solving that originally developed in the 1960s is constructed for
mathematics education. He discovered that the knowledge in mathematics is obtainable by the
use of suitable problem situations and rediscovery is a useful tool for active learning

(Voskoglou, 2011). By time, this framework is developing and being used not only for
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mathematics problem-solving but also for science context. Moreover, the other important issues
related to the problem-solving framework is the use of the general domain problem-solving
framework in the construction of specific domain problem-solving test. Some studies used the
PISA problem-solving framework for mathematics and chemistry problem solving tests. In the
PISA test of problem solving, the construction of their frameworks is implemented in general
tasks and not connected to any curriculum subject (i.e., traffic, climate control, and robot
cleaner). The idea of using domain-general framework in specific-domain problem-solving
raises the universality of knowledge and principles in assessment studies.

The other studies used different problem-solving frameworks but share similar principles.
For example, the first step in the problem-solving process in every study is related to
understanding the problem. It is a common task when someone tries to solve a problem. They
need to know what the problem is, what variables are related to the problem, and how they
understand the problem. Knowing the problem will lead to a clear-thinking path and direction
for stepping in the solution. Second, it is making a strategy of a plan for solving the strategy.
All the tests implement this aspect. Some of them put different additional skills like determining
goals and gathering information before making a strategy. The next steps are to act on the
strategy or execute the plans they have made for the solution of the problem, and the last is to
make an evaluation or reflexion based on the impact of the solution. However, one literature
background used by the test developer is different from the others. Despite determining the
process of making a solution, the problem-solving framework constructed by (Jonassen, 2010)
is talking about analogy, causal relationship, and argumentation that are closer to a mental
process. Those skills are important as individual thinking skills in finding a solution to a given
problem.

Although the test administered the topic in curriculum, in each grade, the tests are covered
by the developed tests. For a subject like mathematics, it can be found that the problem-solving
test developed in every grade ranged from middle school to undergraduate level. Then for
physics, there is only need for the test for twelve-grade students, and in science, the test needs
to be for nineth grade. However, only a few problem-solving tests were developed in chemistry
(grade 10" and 11%%) and biology subjects (grade 10" in environmental and pollution topic). It
IS quite interesting to be talking about problem solving in chemistry and biology because those
subjects have many connections to real 'problematic’ situations. Many aspects in chemistry and
biology represent problem situations; for example, chemical contamination, conservation, and

pandemic disease are the real problems that need to be solved in the recent day. Then,
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introducing students with these chemistry and biology-related problems through learning and
assessment will prepare them to be future problem solvers, despite other subjects.

In the empirical test analysis, some items show acceptable Cronbach-alpha reliability. Only
three developed tests have a low r value. In case of the test that has low reliability, it is better
if they do some modification or revision in those items, then rerun the analysis. Moreover, for
essay type test, the scoring is dependent on the strength of rubric and the raters, thus it is
suggested to use additional reliability test to check the consistency of the items based on rating
system such as interrater reliability (Gliner et al., 2016). In the test validity, almost half of the
tests only conduct content validity which documented the relation of test specification with their
content (Downing & Haladyna, 1997). This makes the test only checked by the expert and
validated by the personal judgment. They checked the domain used to constitute the construct.
It did not show the empirical result that reflects the position of the items based on the
perspective of the test taker. Empirical investigation is critical for high-stakes examination,
such as problem-solving skills, to make sure that the items correctly measure the student’s
skills. For the other tests, which used both content and construct validity, it showed a more solid
result because they used empirical data that refer to what extent the items measure the construct
(Westen & Rosenthal, 2003).

The studies used different sample numbers, but they were all relatively small (21 studies
used less than 50 samples, 6 studies with 50-100 samples and 5 studies with more than 100
samples). Some references said that the more samples used in the validity measure, the better
the quality of the research result. Schumacker & Lomax (2014) also mentioned that the sample
numbers for conducting validity are disparately ranging from 150 to 1000 samples based on the
estimated parameter method and data normality. However, there is no exact number of samples
or participants that must be included in the item's validation, yet it depends on many factors.
Indeed, it would be better if the sample number is relatively high and represents the exact
population. Overall, the problem-solving test developed in Indonesia varied in level and topic.
However, some limitations were still found in the case of psychometric properties and sample
size. Further recommendation is suggested to comprehend the test analysis using factor analysis
to check the sustainability of the test’s theoretical framework and students’ response, as well as
Rasch analysis to check the fit of each item in the test. The increased number of participants to
conduct pilot testing and psychometric analysis of the test was suggested to obtain a strong
statistical result. Indeed, it is also possible to develop or adapt new problem-solving tests in
Indonesian context, since there are some topics that have not been covered by the existing test,

such as biology and science problem-solving test or even domain-general problem-solving test.
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2.1.5 The role of gender and socioeconomic status in problem solving

The study of gender differences in problem solving showed diversity in the result and
interpretation based on its context. In mathematics problem solving, there is a small difference
between gender performance that favours boys over girls (Brunner et al., 2008). In physic
subject, male students showed better problem-solving strategies compared to female students
(Gok, 2014). Wiistenberg et al. (2014) conducted the cross-national analysis for gender
differences in complex problem-solving, founding that male students from two different
countries have no significant difference in complex problem-solving performance (p > .05, d
=.13), but the significant result was found in comparison between males and females from the
same country (p < .001, d = .20) and males and females from different country (p < .001, d
= .54). Thus strengthening the dominance of male students in complex problem-solving
performance. The PISA survey on creative problem-solving also found that male students out
performed female students in majority of participating countries (OECD, 2014). Aditionally,
the variation observed in boys is also larger than the girls, meaning that the ability level of male
students is more diverse from low to high category. Borgonovi & Greift (2020) explained these
results in connection with societal influences, noting that society’s different trajectories for
males and females could shape gender disparities. Wittmann & Hattrup (2004) explained that
male relies on more efficient strategies for completing problem-solving tasks, which allows
them to detect variables and system structure clearly. The different result was found that there
were no significant differences between male and female in domain-specific problem-solving
(Gallagher et al., 2000; Gunawan et al., 2020; Guven & Cabakcor, 2013; Harskamp et al., 2008;
Ramirez-Uclés & Ramirez-Uclés, 2020). Dindar (2018) also found no significant effect of
gender on problem-solving ability in high school students in Turkey. A different result was
found in science problem solving which showed that female students have higher activities in
problem-solving process compared to male students, especially when it comes to text or
diagram comparison (Huang & Chen, 2016).

The other factors, such as socioeconomic status potentially affect students’ differences in
problem-solving performance. This claim is supported by studies that explain how cultural and
economic background affect people behaviour (Salazar & Salas, 2013) as well as the
organisation skills and initiative planning process which is important for problem-solving
process. OECD (2014) explained that socioeconomic status reflects circumstances where
fairness and privilege barriers make it easier for some students to get better achievement.
Furthermore, these individual circumstances may contribute to shaping students’ motivation,

aspirations, and further influence their cognitive skills and abilities. The empirical result
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exploring the effect of socioeconomic status (SES) in problem solving was reported by Chiu
(2022) who found a significant correlation between SES and collaborative problem solving.
Martin et al. (2012) also found that students from low socioeconomic background performed
lower in problem solving rather than students with strong socioeconomis status. PISA survey
also found that 10.6% variation in creative problem-solving results was explained by
socioeconomic status. Furthermore, the survey results showed that the performance gap related
to parent’s occupational status had a high standar deviation (48%), where the students from
higher occupational families tend to perform better in problem solving than those from lower
occupational families. Therefore, the effect of socioeconomic status was not drectly associated
with students’ perormance, but rather with unequal access to better schools and teacher quality

(OECD, 2014).

2.2 The cognitive factors affecting problem solving

Problem solving involves individual cognitive processes to understand the problem and
provide a solution. These processes manifest in many factors that support problem-solving in
respective parts. Stadler et al. (2015) confirmed that problem solving requires the involvement
of personal intelligence capabilities such as reasoning. Furthermore, Park & Lee (2004)
explained that problem solving requires higher thinking skills and mastery of context, which
can help problem representation. Shin et al. (2003) also found that domain knowledge has a
significant contribution in predicting well-defined problem-solving, explaining that individual
with higher domain knowledge will be more successful in solving problems. Thus, cognitive
factors are essential to explaining the dynamic of problem-solving processes. This study
identifies inductive reasoning and scientific competency as potential predictors for problem

solving and evaluates their contribution to predict problem-solving performance.

2.2.1 Inductive reasoning

Reasoning is one of mental representation served as a basic ingredient of cognitive system
mainly for enhancing thinking process and decision making (Mercier & Sperber, 2011). The
mechanism of reasoning is intuitive belief from the source of information that connects the
premises and conclusions. The concept of reasoning was explained Evans (2006) with heuristic-
analysis theory composed of two cognitive processes: heuristic which generates specific
representations of problems and analytic which refers to judgement from the representations.

When people get exposed to situations, they generate mental models and hypotheses to refer to
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the tendency to contextualise all problems based on their knowledge references. This stage will
perform mental stimulation to forecast or predict future activities. Mental stimulation triggers
the analytic system to evaluate the current hypothesis. This model (see Figure 8) conceals a

degree of conditional belief and is rooted in a causal relationship.

Heuristic Analytic
processes processes

Construct most plausible
or relevant model

Task features

A

Currentgoal —___
Background —

knowledge

Explicit reasoning and
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Instructional set

\

General intelligence —
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Does model
satisfy?

Analytic system
intervention?

Time available

A

Inferences/judgments

Figure 8. The heuristic-analytic theory of reasoning (Evans, 2006, p. 380)

This theory specifically discusses the hypothetic thinking which considers the analytic process
as only situation involved in controlling behaviour (Evans et al., 2003). The heuristic process
can generate model or response which is evaluated by analytic process to produce inferences.
Indeed, the strong feature of this system is the emphasis on the ability of the analytic system to
inhibit heuristic responses.

The principle model of reasoning was formed into two terms, deduction, as an inference
from universal premises into a conclusion, and induction, as an inference from one particular
assertion to a universal term (Johnson-Laird & Khemlani, 2013). As we focused on the
inductive side, Hayes et al. (2010) explained inductive reasoning as the ability to make
predictions about a new situation based on previous knowledge. The focus of inductive
reasoning is generalising the property of premises into a general conclusion. Furthermore,
McAbee et al. (2017) described inductive reasoning ability as the formulation of theories by
drawing general inferences from empirical data. Inductive reasoning is related to cognitive
processes such as categorisation, inference, probability judgment, and decision making. That
cognitive processes involve the property of generalisation which is driven by the relation

between premise and conclusion.
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The theory for inductive reasoning process is focused on the transfer of knowledge (Csapo,
1997). The induction process improves knowledge acquisition and its application in a new
situation. The knowledge transfer process is recognised as a general component of intelligence.
Most inductive processes are focused on discovering the phenomena and logically finding the
regularities. This process requires certain strategies such as engaging activity and experience
with particular cases, formulating the logic, conjecture proof, and evaluating and justifying the
cases (Christou & Papageorgiou, 2007). An additional explanation supporting this claim is that
mental activities that present inductive reasoning detect generalisation, rules, or regularities. In
addition, inductive reasoning involves the detection of diversity and irregularities. Klauer &
Phye (2008) explained that the inductive reasoning process has the same basic properties that
regulate the set of elements, such as classification, analogy, incomplete series, and matrices,
which are further used as the type of inductive reasoning tasks.

The concept of inductive reasoning was portrayed as the detection of regularities and the
uncovering of irregularities. The components of inductive reasoning consist of several elements
that are mapped based on their cause and relation effect. There are six types of inductive
reasoning processes described in Table 5. Inductive reasoning tasks can be further categorised
in the scope of six different cognitive operations presented in various objects or tuples of objects
(verbal, pictorial, geometrical, numerical, and others). The strategy for inductive reasoning
tasks lies in the comparison process within attributes or relationships, whether from searching
for their similarities or differences. In the educational assessment, the inductive reasoning task
was done in different forms of objects. The series and analogy task were found to be one of the

most used tasks to assess inductive (Rivera & Becker, 2003).

Table 5. The types of inductive reasoning process (Klauer et al., 2002)

Facet . .
Process . . . Problem formats Cognitive operation
identification
Generalization al.bl Class formation and or expansion  Similarities of attributes
Finding common attributes
Discrimination a2.bl Identifying irregularities Difference in attributes
Cross-classification a3.bl 4-, 6-, and or 9-fold scheme Similarities and difference of
attributes
Recognizing al.b2 Series completion; analogy Similarities of relationship
relationship
Differentiating a2.b2 Disturbed series Different in relationship
relationship
System construction  a3.b2 Matrices Similarities and difference in
relationship
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The series completion task such as number series and figure series are typical tasks involved
in the inductive reasoning test. Generally, series completion task requires the ability to predict
the next element which is ordered in a relational pattern. The test taker explores the relationship
between elements and finds out what are the next elements in the series (Van Vo & Csapo, 2020).
The strategy for solving different type of series task requires various approaches (Liang et al.,
2014). The number series task uses retrieval strategy in which the relation between number
adjacent elements is attained from the arithmetic fact in the long-term memory. When solving
the number series task (e.g. 5 10 15), the test takers directly get the relation by retrieving their
arithmetic ability (e.g. 10 + 5 = 15) and apply it to predict the pattern. The figural series,
however, require more complex steps. They are mostly solved with the procedural strategy
which require two steps of thinking process, identify the figure complexity (e.g. the shape:
rectangulars, dots, circles, and triangles) and predict the relation between the elements based
on the pattern series (Liang et al., 2014).

The analogy tasks are related to the ability to perceive knowledge of an event or pattern and
apply it to a similar situation (Christie & Gentner, 2014). It requires the skills to gasp the
similarities based on the relation of set of events (Holyoak, 2012). This ability is widely used
in the intelligence test and supports the problem-solving skills (Hayes et al., 2015; Kunda et al.,
2013; Van Der Meer et al., 2008) and useful for investigating the mechanism of reasoning. The
analogy task can be expressed in a variety of forms such as numerical or figural. In the analogy
task, the most used pattern is the ’generative problems’ when the test taker is presented with an
incomplete structure and is asked to complete the analogy by generating the missing term

(Ichien et al., 2020).

2.2.2 The role of inductive reasoning in problem solving

The reasoning process was believed to be one of the cognitive factors that influence the
acquisition of problem solving. Inductive reasoning contributes to information processing
during the problem-solving process (Hamers et al., 1998). Inductive reasoning was also
described as one of the intelligent components that potentially has a connection to problem
solving (Wiistenberg et al., 2012). Intelligence involves reasoning activities that are described
as the process of concluding order to achieve goals, thus informing problem-solving and
decision-making behaviour (Leighton & Sternberg, 2004). The importance of inductive
reasoning in problem-solving is further explained by its ability to facilitate the transfer of past
learning experience (Haverty et al., 2000). Through this process, individuals can induce

conditions to apply problem-solving strategies effectively. Furthermore, inductive reasoning is
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also characterized by representation and generalizations, which significantly support
individuals in generating better solutions (Magiera, 2012).

Several studies revealed the positive correlation between inductive reasoning and problem-
solving ability (Kyllonen & Kell, 2017; Stadler et al., 2015). Molnar et al., (2013) found a
medium correlation between inductive reasoning and domain-general and domain-specific
problem-solving (» = .43 and .44, p < .01, respectively). Similarly, a comprehensive study by
Wiistenberg et al. (2012) found a high effect of inductive reasoning in explaining the rule
knowledge of complex problem-solving operations (B =.63, p <.01), while Wu & Molnar (2018)
found a moderate effect of inductive reasoning on problem solving (f = .24, p < .01). They
explained that inductive reasoning involves cognitive processes such as comparing objects and
attributes, finding similarities and dissimilarities, and generating rules that serve as the
components of problem-solving. It plays a significant role in applying strategy to acquire
knowledge as the initial stage in solving complex problem. Lotz et al. (2022) support this by
explaining that the connection between reasoning and problem solving can be detected in the
problem-solving mechanism. As an example, in CPS, problem solvers can isolate one variable
that causes the effect. In this part, inductive reasoning ability will help identify relations among
variables and build a mental model to complete the task (Lotz et al., 2016). In the other CPS
task, the knowledge acquisition phase, reasoning enables problem solvers to select, apply, and
review strategies to recognise patterns and rules (Veenman et al., 2004). This phase also
enabling students to observe situations, draw inferences, and identify causes to reach
unexpected findings, which employ several cognitive strategies such as causal, deductive, and

inductive reasoning (Dunbar, 2000).

2.2.3 Role of gender in inductive reasoning

The study of gender differences in cognitive aspects, including inductive reasoning, has been
explored in numerous studies (Blum et al., 2016; Soeharto & Csapd, 2022; De Van Vo & Csapo,
2023; Waschl & Burns, 2020; Wicaksono & Korom, 2022a; Wu & Molnar, 2022). The majority
of these studies have focused on comparing performance of males and females in inductive
reasoning, many of the results showed a tendency to favour males over females. A meta-analysis
conducted by Waschl & Burns (2020) on the effect of gender on inductive reasoning revealed
small effects (g = .13, CI = 0.10-0.17, p < .01), indicating that males outperform females.
However, they also reported significant heterogenity, suggesting a high diversity in the
magnitude of gender effects. Indeed, the effect of gender differences may vary depending on

the context of the study and sociocultural factors. For example, a contrary result in favoring

39



females in inductive reasoning was found by Soeharto & Csap6 (2022), explaining that female
students from high school perform better than their male peers.

In addition, other studies have found no difference in inductive reasoning performance
between males and females (Diaz-Morales & Escribano, 2013; Kambeyo, 2018; Molnar, 2011).
Van Vo & Csap6 (2020) conducted studies on inductive reasoning assessment across different
school grade, resulting no significant difference between male and female performance.
Wicaksono & Korom (2023) also found no significant effect of gender in inductive reasoning
(B = .08, p > .05) among high school students. Furthermore, Mousa & Molnar (2020)
implemented computer-based training for inductive reasoning, finding no significant difference

in pre-test and post-test result for inductive reasoning on both genders.

2.2.4 Scientific competencies and knowledge

In science education, scientific competence plays an important role in helping students
engage in scientific phenomena and solve science-related issues. Indeed, many educational
practices and learning processes try to include scientific knowledge, competency, and literacy
as one of their main goals for students because students’ proficiency in certain topics such as
science often affects their future success (Rittle-Johnson, 2017). The importance of scientific
concepts and knowledge in science education is recognised by numerous studies (Chang et al.,
2010). To improve the scientific competency of students, many teaching practices adapted the
knowledge of the content and its integration into the learning process of students (Yeh et al.,
2015). The curriculum and syllabus based on content knowledge purposes to enhance scientific
literacy are progressively developed (Bankel et al., 2003). PISA categorised three types of
knowledge in the science domain: content, procedural, and epistemic. Content knowledge is
related to the ability to use and recall theories, information, facts, and ideas. Procedural
knowledge is related to methods and techniques. It is also explained as knowledge of identifying
processes or tasks to solve problems (Star, 2005). Epistemic knowledge is related to an
understanding of the individual's role in justifying the knowledge produced by science (OECD,
2019b). These knowledge domains require the cognitive process to be attained through learning
activities. The level of the cognitive process is identified into six domains such as remember
(ability to recognise and recall the information), understand (interpreting, classifying, and
summarising information), apply (ability to execute and implement the concept), analyse
(differentiating and organising), evaluate (checking and critiquing), and create (generating,
planning, and producing matters) (Anderson & Krathwohl, 2001). The use of these types and

dimensions of knowledge in science topics is the basic core of scientific competency.
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In the assessment process, scientific competency can be measured with different types of
frameworks. One of the prominent examples is the scientific literacy framework, which
represents the competency to engage in discussion about issues that involve scientific
knowledge. In the Programme for International Student Assessment (PISA), scientific literacy
is described as 'the capacity to use scientific knowledge, identify questions, and draw evidence-
based conclusions to understand and help make decisions about the natural world and the
changes made to it through human activity' (OECD, 2004, p. 16). The measurement of scientific
literacy can be defined by the three competencies including (1) explaining phenomena
scientifically — recognise, offer, and evaluate explanations for a range of natural and
technological phenomena, it requires deep understanding to recall and use theories, ideas,
information, and facts. (2) Evaluation and design of scientific enquiry: describe and evaluate
investigations and propose the solution to address problems scientifically; this competency has
a connection with the scientific method, procedures, research, and measurements that
emphasise knowledge of common procedures used in science. (3) Interpret data and evidence
scientifically: analyse and evaluate data, make claims and arguments, and draw conclusions
(OECD, 2017b, p. 134).

The measurement of scientific competency with the PISA framework has been applied in
several countries and the results were used for additional data for specific purposes (Chiang &
Tzou, 2018). Scientific competencies align with the various issues and problems that are framed
in different situations and contexts of science, such as health, environment, diversity and
population dynamic, natural resources, hazards, and frontier of science and technologies (Bybee
et al., 2009). In PISA, the evaluation of scientific competence, the situation presented was
described at the personal, social, and global levels (Table 6). The scientific competency
assessment includes the combination of core competencies, context, domain of cognitive
process, and type of knowledge. The interaction of these components was presented in Figure

9.
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Table 6. The context of PISA science assessment

Personal Local Global
Health and discase =~ Maintenance  of  health, Control of disease, food Epidemic, spread of
accident, nutrition choices, community health  infectious disease
Natural resources Personal consumption of Maintenance of human Renewable and non-
materials and energy populations, quality of life, renewable natural
security, production and system, population

Environmental
quality

Hazards

Frontiers of science
and technologies

Environmentally friendly
actions, use, and disposal of
materials and devices.

Risk assessment of lifestyle
choices

Scientific aspects of hobbies,
personal technologies,
music, and sporting activities

distribution of food, energy
supply

Populatin distribution,
disposal of waste,
environmental impact

Rapid changes, slow and
progressive changes, risk
assessment

New materials, devices and
progresses, genetic
modifications, health
technology, transport

growth, sustainable use
of species

Biodiversity, ecological
sustainability, control of
pollution, production,
and loss of soil/biomass

Climate change, impact
of modern
communication

Extinction of species,
exploration of space,
origin, and structure of
universe.

Note: taken from the PISA 2018 assessment and analytical framework (OECD, 2019a, p. 103).

Context: Competencies: Knowledge:
- Health and disease - Explaining phenomena P - Factual

- Natural resources - Intepret data and - - Conceptual
- Environment evidence - Procedural

Cognitive domain:

- Low (remember,
understand, apply)

- High (analyse, evaluate,
create)

Figure 9. Interrelation between scientific competency components (adapted from OECD,
2019b, p. 102-103)

In some countries including Indonesia, global assessments such as the PISA science
assessment are likely constructed with a different context compared to what students learn
during teaching and learning practice in school. In Indonesia, the science subject was taugh
during middle school as an integrated subject. Therefore, it was divided into biology, physics,
and chemistry subject in high school. Science assessment was carried out due to teaching needs
based on student learning progressions. It was built based on learning competencies and covers

several topics to determine student achievement after several stages of learning process (Rahmi
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et al., 2021). All assessment was done by teachers, and there is no specific regulation to apply
the assessment process. At the end of the school year, there was a national exam to determine
whether students could continue their education to the next level. It was a controlled assessment
developed by the Ministry of Education that was applied to all schools in Indonesia. The
national assessment covers all core competencies from all grades in the schools. As an example,
the national exam in secondary schools is conducted at the end of grade 12 and covers all of the
core competencies of grade 10 to 12.

In the global assessment, Indonesia has participated in the PISA science assessment since
2003. From 2003 until 2018, the science performance of Indonesian students has fluctuated but
remained flat overall, meaning that there has been no significant progress in students’ science
competencies during last 15 years. It was below the average, for which more than 50% of
Indonesian students had a proficiency level below two indicating that students were able to
draw a conclusion from a simple dataset and address scientific phenomena in everyday life
based on their understanding of content and procedural knowledge. They have difficulty using
complex and abstract knowledge and interrelated scientific ideas. They also struggle to
discriminate relevant and irrelevant information and evaluate complex experimental design
(OECD, 2019c). Therefore, the level of science performance of Indonesian students was quite
low compared to other countries, improvement in educational standards and educational equity
is urgently needed in Indonesia (OECD, 2019¢). In terms of assessment, the standards of science
test can be developed based on the national core curriculum and with the influence of global

assessment framework.

2.2.5 The role of scientific competencies and knowledge in problem solving

The problem-solving process requires knowledge to understand the problem situation and
make conclusions. In domain-general problem-solving assessment, the influence of knowledge
and competencies in a specific topic is not fully necessary, rather the test takers will obtain
knowledge during the problem-solving activities (Fischer et al., 2012). Content knowledge and
competency build a foundation and insight that can help stimulate and support learners to solve
problems (Wang et al., 2013). In a specific problem situation, prior knowledge, experience, and
skills will contribute to the success of problem-solving activities (Beckmann & Goode, 2017).
In addition, Glaser et al. (2009) knowledge and competence in a particular domain will refer to
experience that has a benefit for problem solving in the organisation of mental activities to
quickly analyse information and effectively describe the representation of their problem. Indeed,

an individual with strong competency and knowledge will be able to reduce the complexity of
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the problem, resulting in a successful solution (Seifried et al., 2020). The empirical studies in
connection between knowledge and problem solving have been done resulting in the strong
relationship between conceptual and declarative knowledge to problem solving (Friege & Lind,
2006). Goode & Beckmann (2010) explained that a different level of knowledge and
information will influence decision-making in problem solving. In addition, prior knowledge
and competency play an important role in problem solving, as Weise et al. (2020) discover the
moderating effect of prior knowledge in facilitating the relationship between intelligence and
problem solving.

The connection between knowledge and problem solving is further supported by She et al.
(2012), who applied web-based learning with problem-solving task. They found that the
students with higher domain knowledge in science performed better in problem-solving tasks
(B = .29, p < .01). During the implementation of problem-solving instruction, successful
students in solving well-defined problem exhibit higher mastery of knowledge, supporting the
positive influence of domain knowledge in problem solving ( =.19, p <.05) (Yeh et al., 2022).
Additionally, Vieira & Tenreiro-Vieira (2016) working on scientific literacy program, explain
that competency and knowledge in science are also connected to critical thinking, judgment,

decision-making, and problem solving.

2.2.6 Role of gender in scientific competency

The gender differences in scientific competency and general science performance show
various findings. The PISA survey found no significant differences between male and female
in science literacy in the majority of the participating countries (OECD, 2004). However, males
outperfoming females was still found in several countries, and vice versa. Therefore, many
studies also favour males in science performance (Ganley et al., 2014; Ting-ting Liu & Sun,
2012; Nwosu & Ibe, 2014), while results showing females outperforming males were also found
(Japelj Pavesi¢, 2008; Shahzadi & Nasreen, 2020). Aditionally, Reilly et al. (2019) conducted
a metaanalysis of gender differences in science performance, showing that in most countries,
there are no significant differences between male and females, with an effect size of d = -0.95.
Indeed, there is variability in gender differences, with some countries favouring males and
others favouring females. Based on the cognitive theory, males show better visual capabilities,
including numerical computation, mechanical, and spatial orientation (Weiss et al., 2003), while
females show more advantages in memorization, verbal, and reading tasks (Hyde, 2016). Bell

et al., (2006) supporting the differences between males and females cognitive process through

44



their studies which assessed brain activation during several cognitive tasks. The result shows
difference pattern of activation between males and females during cognitive challenges.
Moreover, the gender differences in science performance are predicted to be connected to social
and environmental factors (Fang & Wei, 2010), including the school programs, curriculum,
learning activities, and parental influences (Hyde, 2016; Sung & Hwang, 2013). Indeed, gender
equity and cultural perspective also play a role in supporting these phenomena (Cheng et al.,

2021; Luu & Freeman, 2011).

2.3 The affective factors influencing problem solving

In addition to cognitive factors, many researchers also empasizing the influence of affective
factors in supporting problem-solving processes (Bat Or, 2014; Furinghetti & Morselli, 2009;
Guven & Cabakcor, 2013; Shin et al., 2003). The affective factors are said to interwined with
cognitive part to shape students’ problem-solving performance. Luo et al. (2019) revealed that
attide will helps students to feel ready to do problem-solving activities. Moreover, Guven &
Cabakcor (2013) found that students’ problem-solving attitude and motivational factors are
related to problem solving. Indeed, this present study explores and investigates the role of

attitude and motivation as potential affective factors in problem solving.

2.3.1 Attitude towards science

Attitude is described as internal states of understanding and feeling that form personal
actions (Driscoll & Burner, 2005). When we relate it to ’personal actions’, attitude can be
translated as a personal tendency to respond to things, people, ideas or places either in a positive
or negative way based on prior knowledge and experiences (Oskamp & Schultz, 2005). In this
term, attitude is closely related to personal behaviour because attitude involves the desire to
respond, the acknowledgement of value, and the acceptance of value (Uluginar Sagir, 2012). In
another interpretation, attitude can be explained as the ability to assess something based on
personal judgement and reflection like accepting the fact, rejecting, or even ignoring
phenomena. It is also defined as individual judgement and evaluation about something in which
there is a degree of favour or disfavour (Reid, 2006). In a broader definition, it can be described
as opinions and feelings about something that lead to an action of behaviour as the response.

In a psychological view, attitude is one of the constructs or variables made from observable
responses to stimuli with the assumption that its coherence and consistency among those
responses (Kerlinger, 1970). Olasehinde & Olatoye (2014) also added that attitude is strongly

connected to cognitive construct with emphasis on thinking skills, perceiving, and feeling

45



toward the cognitive project. Attitude can be divided into implicit and explicit attitudes (Glock
& Kovacs, 2013). Implicit attitude is an automatic evaluation that comes from the spontaneous
mind whenever the object is present (Jones et al., 2009), which results in sudden reaction and
feeling. In contrast, explicit attitude is a thoughtful reaction based on the evaluation of the
attitude object (Gawronski & Bodenhausen, 2006). The expression of explicit attitude requires
a long process and controlled effort. This attitude makes people evaluate and construct what
they have in their minds or retrieve the evaluation from their long-term memory (Bassili &
Brown, 2005). This explicit attitude depends on the motivation. Thus, it will be better expressed
when people are able to participate in the processes.

The measurement of attitude in the educational context is mostly explained in a particular
concept like science, which leads to specific focus studies like attitude towards science. The
attitude towards science measurement is still developing based on different settings and
improvements. Back then, the attitude toward science is described as a general positive or
negative feeling about science, like or dislike science (Crawley & Koballa, 1994). The
measurement of attitude towards science developed from a very simple construct like the
Attitude Towards Organise Science Scale (ATOSS), which included 4 items, each with two
potential response choices ‘agree’ or ‘disagree’. The items talked about science and technology,
the benefit of science in life, and science versus faith (Brossard et al., 2005). In the other studies,
attitude towards science is explained by some dimensions such as perception about science,
anxiety or enjoyment toward science, self-esteem in something related to science, motivation
in science, the understanding of the value of science, fear or failure in the science course, the
nature of science environment, achievement, and even attitude with peers, friends, and parents
(Osborne et al., 2003). Attitude measurement was built over the last decades and has been
evolving ever since. With different contexts, changing environments, and discoveries.

The study of attitudes towards science measurement shows diverse constructs with some
variation in their dimensions (Navarro et al., 2016; van Aalderen-Smeets & Walma van der
Molen, 2013). The attitude towards science is constructed about science and learning science,
a sense of scientific experiences, an interest in scientific activities, and working or pursuing a
career related to science. Toma & Greca (2018) approach to attitude towards science is
composed of the social implications of science, normality of scientists, attitude to scientific
inquiry, adoption of scientific attitudes, enjoyment of science lessons, leisure interest in science,
and career interest in science. The most prominent and influential model of attitude construct
probably is domain-based attitudes which include cognitive, affective, and behavioural

dimensions (Dismore & Bailey, 2011; Khine, 2015). The theory proposed by Reid (2006)
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classifies attitude towards science into three dimensions: (1) the cognitive dimension, referring
to knowledge about science, idea, and belief about science concepts, (2) the affective dimension
addressing feelings about science, liking, or disliking science, and (3) the behavioural
dimension, covering dispositions towards science activities. This construct was supported by
van Aalderen-Smeets and Walma van der Molen (2013) who explained attitude towards science
consisting of three dimensions: cognition, affect, and perceived control which is related to
behaviour. Kind et al. (2007) also explained that the attitude towards science has clearly defined
components such as knowledge about objects, ideas, and beliefs (cognitive), feeling about the
object (affective), and tendencies towards action (behavioural). These three domains are
independent, yet still closely linked and formed the solid framework of attitudes towards
science (Figure 10).

Cognition. This dimension refers to cognitive beliefs about science and its impact on human
life and society. It is also explained as cognitive judgements which explain the decisions,
conclusions, or understanding of science concepts and phenomena (Zhang & Campbell, 2011).
The cognitive judgements were raised based on the process of giving value to the science
objects. These concepts are strongly related to personal knowledge and experience about
science, which indicate the efforts of students in studying science (Schaverien & Cosgrove,
2000). In cognitive dimensions, attitude can be affected by the perception of students about the
value and importance of science when it is connected to daily activities and social interactions.
Students can identify whether science will give positive and negative value to life and their
surroundings or whether it is still relevant to develop science and apply it daily.

Affect. The second dimension is connected to emotions, both positive and negative sides of
science. The positive emotion was manifested by enjoyment in science, while the negative
emotion was represented by anxiety and difficulty with science. Both affective components are
not opposite but display independent related subcomponents. The concepts of enjoyment are
connected to subjective feelings about pleasure associated with phenomena, events, or
particular environments. It arises from the feeling of getting over controlled situations that
provide interest and value (Pekrun, 2006). Enjoyment is explained as a positive activated
emotion based on focused activities that lead to the joy of experienced success or expected
success (Mercan, 2020). In the context of enjoyment towards science, it is related to enthusiasm
for science, an inner state of personal feeling about science when they feel good and experience
happiness. There are several views about enjoyment being associated with accomplishment as
a result of mastering skills, meeting challenges, or satisfaction with performances (Davis et al.,

1992; Dismore & Bailey, 2011; Teo & Noyes, 2011). The terms of anxiety come up with the
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states of discomfort including fear, tension, worry, distress, frustration, and mental
disorganisation (Ma & Xu, 2004). In this context, anxiety is explained in intellectual and
personality areas. The intrinsic factors of anxiety involve psychological arousal and negative
cognition linked to poor performance, achievement, and the potential for negative evaluation
(Ashcraft et al., 2007). This type of anxiety is caused by difficulty during science learning and

continues in the personality area leading to a negative feeling or dislike of science.

Cognitive
- value of science
- perceived relevance

Affective

- enjoyment

- interest in science

- anxiety towards science
- difficulty

Attitude towards science

Behavioral

tendency to participate in:
- learning science

- science activities

Figure 10. The framework of three dimensions of attitude towards science (adapted from van
Aalderen-Smeets et al., 2012)

Behavior. Behavioural tendency is a concept that can be used to indices attitude (Mueller,
1986). The behavioural tendency in attitude measurement is pointed to openness in engaging
with activities related to science (Zhang & Campbell, 2011). This behavioural and activities are
specifically interwoven with learning processes that address formal learning such as classroom
learning and informal science learning through outdoor activities and hobbies.

The framework of three dimensions of attitude towards science instruments is focused on
three main concepts: (1) whether students appreciate the importance of science in real life and
society, (2) whether students are affectively connected to science, express their positive or
negative emotions to science, and (3) whether students are involved and willingly to participate
in activities related to science or learning behaviour (Zhang & Campbell, 2011). It is expected

that students who achieved good attitudes will present all attitudes in those three categories.

2.3.2 The role of attitudes in problem solving

Attitude is known to be one of the affective factors that has a great influence on the learning
environment (Martin-Dunlop & Fraser, 2007; Taghizadeh & Hajhosseini, 2021). In science

education, attitude is one of the most prominent factors that influence learning achievement
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(Korur et al., 2016). The importance of attitude toward science is not arguable, and so many
educators support its role in developing students’ skills through problem-solving activities.
Problem-solving strategies that exhibit activities in analysing problems and creating solutions
are proven to be able to increase students’ attitudes (Ferreira & Trudel, 2012; Gok & Silay,
2010). Problem-solving instruction requires students to collaborate to solve the given problems.
Students can develop arguments and ideas and then exchange them in the group, which
influences the classroom atmosphere and their attitudes. Two types of arguments that reinforce
the application of the attitude toward science during the learning period. The first argument
argues that the effective way of learning science is if students act like real scientists in the
classroom. It may be obvious that attitude toward science is important in the professional life
of scientists and that students who learn science must be aware of how scientists work from
simple matter to conclusion. The second claim explains that attitude represents a personal
attribute. Regarding the attitude towards science, scientist attributes such as open mind,
curiosity, and decision-making are embedded in student problem-solving skills and everyday
life (Gauld, 1982).

The problem-solving activities can be enhanced with positive attitude. Some studies revealed
a positive correlation between attitude and problem-solving achievement (Guven & Cabakcor,
2013; Marchis, 2013; Oztiirk et al., 2020). Luo et al. (2019) found significant effect of attitude
to problem-solving ability (B = .14, p <.05). Furthermore, the influence of attitude in problem
solving is presented both as a direct and indirect effect. Since the attitude creates a better
learning environment, it can promote students’ performance while doing problem-solving tasks.
Low attitudes also liked learning difficulty, which increased the chance of having learning
difficulty and hindering problem-solving activities. Negative attitudes such as anxiety is often
connected to an inability to concentrate, which likely reduces the availability to use cognitive
resources (Nolen-Hoeksema, 2000; Owens et al., 2012). The other theory might raise the point
that affective factors such as attitude and belief directly influence the choice of proving strategy,
reaction to face difficulty in solving problems, and expectation towards the chosen strategy
(Furinghetti & Morselli, 2009). Negative attitude is linked to less efficient problem-solving
performance (Lai et al., 2015). It creates tension and interferes with the identification process

to create a solution.

2.3.3 Gender differences in attitude

The effect of gender concerning attitudes has been extensivey studied (Aini et al., 2019;

Glock & Kovacs, 2013; Oon et al., 2020; Teo & Noyes, 2011). However, the role of gender in
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attitude is still debatable, with some studies finding that males outperformed females in attitude
for learning purposes (Hacieminoglu, 2016; Smith et al., 2014). Oon et al. (2020) found that
female students’ interest in science subjects such as physics is lower than that of male students,
with female students also inclined to favor other subjects rather than science. Jones et al. (2000)
also reported that male students are more likely to have interest in physics and chemistry
subjects (e.g. atom, plane, computer, electricity, and energy), while females are interested in
biology-related topic (e.g. health, animal life, and environment), with their overall attitude is
significantly different. In contrast, other studies found female students tend to show a more
positive attitude compared to male students (Aini et al., 2019; Khishfe & BouJaoude, 2016;
Liu et al., 2010; Mihladiz et al., 2011). Aini et al. (2019) found significant different between
gender in attitude (F = 5.83, p = .015, > = .004) and explained that female has more awareness
that science has beneficial and harmful effect to environment, strengthening their value of
science. Furthermore, Susilawati et al. (2022) conducted survey about students’ attitudes in
Indonesia and found that female students show more awareness about the application fo science
in daily lives. They are also more likely to show interest in conducting science experiments

during learning.

2.3.4 Motivation in science

In the psychological approach, motivation is commonly derived from the social cognitive
theory of human learning (Schumm & Bogner, 2016). In a general term, motivation refers to a
feeling of being able to do the duty, an inner force like self-determination and self-efficacy, and
a feeling of responsibility (Pintrich & De Groot, 1990). When it is connected to the learning
process, motivation is narrowed into the personal internal state that arouses, directs, or sustains
their behaviour (Koballa et al., 2007). Motivation covers a self-concept of the ability to respond
to specific situations, various tasks, goals, identify personal value, and generate conscious or
unconscious choices (Eccles & Wigfield, 2020).

Motivation can be distinguished by two main types: intrinsic and extrinsic. Intrinsic factors
refer to any action in the individual that they feel interested in and enjoy, while extrinsic
motivation refers to individual involvement in something because they want to achieve specific
outcomes. In intrinsic motivation, social context, feeling of inner competence, and autonomy
have a strong effect in driving students to get motivated. For example, students who choose to
do fieldwork and master that work will be intrinsically more motivated than students who are
compelled to do the work. They will show their enthusiasm for working and will engage more

in every activity. It is important to remember that to make students experience intrinsic
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motivation, they need to get engaged in the learning activity and be satisfied with the process.
This ‘engagement’ is a term that represents the action of individual motivation. Thus, Baron &
Corbin (2012) define engagement as: “The engaged student is the student who has a positive,
fulfilling and work-related state of mind that is characterised by vigour, dedication, and
absorption and who views him or herself as belonging to and an active participant in his or her
learning communities.” (p. 763). This motivation to engage in activities does not only depend
on the external reward. Sometimes people are willing to do something because they feel joy or
any other feeling. In some cases, this kind of feeling will drive people to participate in work. It
also gives a sense of progress when they see that the work is done and gives a positive result
by acquiring new knowledge, skills, or experiences. Even though intrinsic motivation is not
related to reward or final result, some factors can increase intrinsic motivation, and some of the
factors are feeling of challenge, curiosity, control, competition, and recognition.

In addition, external motivation is related to external rewards, such as a reward or performing
tasks required to get a good grade on an assignment. In contrast to intrinsic motivation, this
extrinsic motivation is said to be inherently nonautonomous (Abeysekera & Dawson, 2015).
For example, a student tries hard to do their homework and understand their subject because
they know that it benefits their academic qualification which is needed for a specific job within
a specific career. In contrast, another student does assignments and works based on the
instruction of his teacher. Both behaviours show external motivation associated with homework
rather than any challenge or feeling of satisfaction. In comparison with internal motivation,
external motivation tends to be more effective in making students engage in the learning process,
for example. Providing interesting rewards will influence people's motivation in a fast way
because they want to get the reward. However, offering excessive rewards can lead to a decrease
in intrinsic motivation. That means that the activity is only focused on getting rewards without
feeling like enjoying and developing the inner feeling of doing certain work.

In the context of science education, motivation is described as an internal state that arouses,
directs, and sustains science-learning behaviour (Glynn et al., 2011). Science motivation has a
goal to make students enjoy science subjects, recognise the world through science, get more
confidence by learning science, and be willing to study and learn more about science. That is
why motivation in the science context is one of the most important goals. In a practical context,
science motivation is explained in four main features (Glynn et al., 2009).

Self-determination is understood as a consideration of the innate psychological need for
individual competency, relatedness, and autonomy (Deci & Ryan, 2000). Individuals with

strong self-determination feel competent for doing challenges, confidence in making choices,
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and feel connected with others. Self-determination is also defined as autonomy, the need for an
individual to act and make real behaviour that represents the feeling of freedom. The need for
autonomy comes from the notion of locus of causality or being original about the action rather
than being pulled and pushed by external forces. For example, if students are willing to have a
break but feel forced to keep learning in the classroom and making some discussion, their
autonomy will be thwarted. Self-efficacy is conceptualised as a judgment of internal capability
to complete specific tasks and achieve goals (Bandura, 1993). It also refers to an ability to
organise and execute action for desired outcomes and is connected to the belief of the students
that they can achieve well in science. Students with a high level of self-efficacy can determine
which learning strategy to choose based on their previous skills and knowledge. It is also related
the ability to organise and execute action for desired outcomes (Hoffman & Schraw, 2009).
Intrinsic motivation refers to any action in the individual that they feel interested in and enjoy.
It is connected to personal satisfaction with performance rather than the result (Deci & Ryan,
2000). Intrinsic motivation comprises two bases for competence and autonomy that represent
feeling and causality (Pedrero & Manzi, 2020). In terms of grade and career motivation, they
are considered as external motivation. It acts as mutual supporting components of motivation

that positively contribute to directing students' learning behaviour (Glynn et al. 2011).

2.3.5 The role of motivation in problem solving

Many studies prove that motivation will influence performance in doing a task (Cerasoli et
al., 2014; Fredricks et al., 2004; Moore et al., 2014; Vollmeyer & Rheinberg, 2000; Yang & Wu,
2012). Student motivation can facilitate or help students during the learning process in problem-
solving tasks in a self-regulated way (Baars et al., 2017). The combination of motivation and
cognitive or intellectual factors is good at predicting problem solving (Vollmer & Kaufmann,
1975). van Harsel et al. (2019) emphasised the self-efficacy aspect of motivation that students
with higher self-efficacy will benefit from engaging in problem-solving performance. Efficacy
belief is related to involvement in the task and significantly influences academic achievement
in mathematics. The level of self-efficacy is somehow related to intrinsic motivation that
influences the student's persistence in a learning task and influences their ability and effort to
develop problem-solving ability (Song & Grabowski, 2006). Motivation also encourages the
student to engage in problem-solving tasks with a focus on reaching goals (Bat Or, 2014).
Specifically, in the self-determination theory of motivation, students use more effort when they
find learning materials interesting and bring them satisfaction. In this case, they will place an

interest associated with problem-solving performance and better comprehension (Baars et al.,
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2017). Self-determination theory divides motivation into intrinsic and extrinsic aspects which
both can affect achievement and performance related to the learning goals (Cassidy & Giles,
2009). In mastery goal motivation, the students under mastery goals performed better and put
in a lot of effort and strategy while solving the problems (Bereby-Meyer & Kaplan, 2005). In a
specific case, motivation is strongly related to learning mathematics and is classified as a key
factor in progressing learning (Gasco Txabarri & Villarroel Villamor, 2017). Specific topics
need a lot of effort and persistence to achieve better understanding and comprehension. In this
sense, motivation was claimed to be more specific in certain domains than in general motivation.
High motivation is related to a high score in mathematics achievement and is negatively related
to anxiety in mathematics studies. Moreover, in medical studies, motivation plays an important
role in learning and academic performance (Kusurkar et al., 2013).

The connection between motivation and problem solving has been studied. Ozcan (2016)
found a connection between motivation and problem solving, claiming that 13% of problem-
solving score is explained by internal motivation, while willingness to do learning activities
explain 7% (R =.45; F = 15.58; p <.001). Furthermore, several studies showing that the strength
of connection between motivation and problem-solving is fluctuated but seems flat over time.
The connection between motivation and problem solving was high in early education. Martin
(2009) argues that the younger students entered the school, the higher level of motivation,
performance, and engagement compared to late students. Maclntyre et al. (2002) found that the
students showed different mean motivation in different grades with the highest mean score in
lower grades. Another study also revealed that intrinsic and extrinsic motivation tends to
decrease along the grades (Lepper et al., 2005). Student motivation is likely to drop during their
time learning at school. In contrast to motivation, problem-solving ability tends to increase over
the grade. The ability to make a solution from a problem is significantly different between
younger and older students, and older students got a higher result in problem solving (Swanson,
2004). As an example, in Grades 2 to 4, the student problem-solving accuracy is increasing
simultaneously (Zheng et al., 2011). The contrasting development of motivation and problem-
solving ability across the grades will make the correlation of both variables weaker because the
increasing value of one is not administered by the others. However, at the university level, the
correlation between motivation and problem solving is getting higher. Therefore, it is assumed
that the condition at each school level plays a role in affecting the relationship between

motivation and problem-solving ability.

53



2.3.6 Gender differences in motivation

In motivational studies, research on gender has been conducted by many researchers,
emphasizing the importance of individual differences in motivation (Cabras et al., 2023;
Debacker & Nelson, 2000; Oppermann et al., 2021; Schiirmann & Quaiser-Pohl, 2022). Daher
et al. (2021) conducted research with a high school sample and found a significant difference
between male and female students in science motivation (t = -6.29, p < .001), especially for
intrinsic motivation, where gender shows a potential mediation (p = -.40, CI =-0.322, -0.016).
They found that female students excel in intrinsic motivation, self-efficacy, self-determination,
grade motivation, and career motivation compared to male students. Furthermore, they
explained that female students are more aware of the importance of science to their future career,
which makes them realize the urge to learn better in science. Ozbas (2016) also found that
female students from general high school and vocational high school exhibit higher internal and
external motivation than their male peers. Salmi & Thuneberg (2019) revealed that female
students are better in situational motivation than male students, but in terms of self-
determination, they found no significant differences between male and female students. Another
result comes from Becirovi¢ (2017), who found no difference between male and female students
in intrinsic motivation in foreign language learning. Similarly, during the implementation of
learning process, female students also showed higher motivational level compared to male
students in the beginning. However, after experiencing sequences of similar learning activities,
the differences between male and female become lower, suggesting that environmental factors

can reduce the impact of gender differences in learning motivation (Chung & Chang, 2017).

2.4 The theoretical model of the connection between cognitive and affective factors,
gender, and socioeconomic status on problem solving

Domain-general and domain-specific problem-solving is associated with many cognitive
and affective factors in educational psychology. Problem solving itself can be explained either
in general or specific domains with each type having different context representations, yet a
similar cognitive process. The interconnection between domain-general and domain-specific
problem-solving was positive and became greater over time due to the similarity of strategy
used in both problem-solving situations (Molnar et al., 2013). Both problem-solving strategies
require cognitive activities that involve the ability in knowledge processing and application. To
this term, the reasoning process has been said to influence problem-solving achievement.
Indeed, the positive effect of inductive reasoning on problem solving has been proven in many

studies (Kyllonen & Kell, 2017; Stadler et al., 2015) suggesting that inductive reasoning helps
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students recognise the problem-solving mechanism and its variables. Moreover, knowledge and
competency also contribute to the problem-solving process. Several studies found that prior
knowledge mediates problem-solving abilities (Weise et al., 2020) and helps learners build their
understanding of problem representation (Glaser et al., 2009). Thus, in domain-specific
problem-solving, the role of knowledge and competency is obvious due to the interconnection
of problem situation and specific knowledge requirements.

In affective factors, attitude is considered as variables that able to support students’ problem-
solving during learning activities and their achievements in general (Guven & Cabakcor, 2013;
Marchis, 2013; Oztiirk et al., 2020). Along with attitudes, many studies also involved
motivation as a powerful affective factor to influence problem-solving achievements (Bereby-
Meyer & Kaplan, 2005; Song & Grabowski, 2006). Both attitude and motivation contribute to
creating an appropriate learning environment. Students with a sufficient level of attitude and
motivation are likely to participate and be involved in problem-solving activities. They will
show better performance that drives better results in learning with problem-solving scenarios.
Thus, in addition to cognitive and affective factors, it is also important to study problem solving
from the perspective of individual differences between students according to gender and
socioeconomic status. The role of gender and socioeconomic aspects in the achievement of
problem-solving by students was emphasised in many studies (Chiu, 2022; Dindar, 2018;
OECD, 2014; Wiistenberg et al., 2014) which provide more information to explain the problem
solving. Thus, the present study constructed the theoretical model of the connection between

cognitive and affective factors to problem solving, which can be seen in Figure 11.

55



Gender

Scientific
competency

Domain-specific
problem solving

Inductive
reasoning

Domain-general
problem solving

Socioecono-
mic status

Figure 11. The theoretical model of the relationship between cognitive and affective factors,
gender, and socioeconomic status to problem solving
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CHAPTER 3 RESEARCH AIMS, QUESTIONS, AND HYPOTHESES

3.1 Aims of the research

This study aimed to measure the problem-solving ability of students in Indonesia. A large-
scale survey was conducted to collect information on student problem-solving performance.
The students are 10™-grade high schooler from various districts in Indonesia. The Indonesian
regulation obliged every student to undergo 9 years compulsory education. Indeed, the present
study involved students who completed compulsory education and passed national assessment.
The measurement of problem solving was categorised into two different domains, general and
specific problem solving was measured by two main tests. General problem solving is assessed
using the MicroDYN test, while domain-specific problem-solving is assessed with a science
problem-solving test.

The other objectives of this study were to investigate the factors that influence problem-
solving ability on both the cognitive and affective side. To achieve this, the study involved the
measurement of students’ ability in cognitive and affective factors, followed by empirical
analysis of the relationship between these factors in problem solving. In the cognitive factor,
inductive reasoning and scientific competency tests were implemented, whereas in affective
factors, we employed attitude towards science and science motivation questionnaires. The
adaptation and translation of the tests and questionnaires were carried out, followed by the
analysis of the psychometric properties of each test and questionnaire to ensure its validity.
Other information on the gender and socioeconomic status of participants is collected as
additional factors from the perspective of individual differences to explain the problem-solving

ability.

3.2 Research questions and hypotheses

To achieve the research aims, this study formulated research questions and hypotheses as
described below.
RQ 1: What are the students' domain-general and domain-specific problem-solving, inductive
reasoning, scientific competence, attitudes towards science and science motivation?
RQ 2: Is there a significant difference in domain-general and domain-specific problem-solving,
inductive reasoning, scientific competence, attitudes towards science and science

motivation based on gender?
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RQ 3: To what extent do inductive reasoning, scientific competence, attitudes towards science,

science motivation, gender, and socioeconomic status influence problem-solving ability?

The hypotheses are formulated based on the theoretical background, with the details described

below.

H1: There is a significant difference between genders in domain-general problem-solving
performance, with males outperforming females (Greiff et al., 2018; Wiistenberg et al.,
2014).

H2: There is a significant difference between genders in domain-specific problem-solving
performance, with males outperforming females (Gok, 2014; Soto-Ardila et al., 2022).

H3: There is a significant difference between genders in inductive reasoning performance
(Blum et al., 2016), when males performed better in figural and numerical tasks (Waschl
& Burns, 2020).

H4: There is a significant difference between genders in scientific competency, when females
outperform males (OECD, 2004; Reilly, 2012).

H5: There is a significant difference between genders in attitude towards science, when
females outperform males (Aini et al., 2019; Liu et al., 2010; Mihladiz et al., 2011).

H6: There is a significant difference between genders in science motivation, when females
outperform males (Oppermann et al., 2021; Schiirmann & Quaiser-Pohl, 2022).

H7: Inductive reasoning is associated with problem solving, meaning that students with higher
inductive reasoning ability will perform better in domain-general problem-solving and
domain-specific problem-solving tasks (Molnar et al., 2013).

HS8: Scientific competency that represents domain knowledge is associated with problem
solving (Glaser et al., 2009; Wang et al., 2013), meaning that students with higher
scientific competency will show better performance in domain-general problem-solving
and domain-specific problem-solving tasks.

H9: A positive attitude toward science will lead to higher performance in domain-general and
domain-specific problem solving (Guven & Cabakcor, 2013).

H10: Higher motivation is associated with higher performance in domain-general and domain-
specific problem solving (Bat Or, 2014).

HI11: Gender difference is associated with domain-general and domain-specific problem-
solving performance (Huang & Chen, 2016).

H12: Higher socio-economic status is associated with higher performance in domain-general

and domain-specific problem solving (Chiu, 2022).
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CHAPTER 4 RESEARCH METHODOLOGY

4.1 Research design

The present study used descriptive approach to address the assessment of the problem-
solving ability of students in Indonesia. The descriptive approach will characterise several traits
based on specific categorisation (Strayer et al., 1995). In this study we explored and classified
the level of the student in problem-solving ability, as well as in cognitive factors such as
inductive reasoning and scientific competency, and affective factors such as attitude towards
science and science motivation. Additional comparative approaches were conducted to compare
students’ ability levels based on their gender, which shows the trends and patterns of the
students’ ability distribution.

An associational research design was also implemented to determine the relationship
between the measured variables. Associational study consists of predictor or independent
variables and outcome or dependent variables that are continuous (Gliner et al., 2016). Based
on the theoretical construct, problem-solving ability acted as the dependent variable and
cognitive and affective factors as the independent variables. The degree of association of each

variable will be measured to determine the strength of the interconnection among variables.

4.2 Sample

The participants in the research were 10th-grade high school students from Java, Indonesia.
Clustered random sampling was conducted by randomly selecting schools in the urban area in
Java, Indonesia. Fifty-five 10th-grade science classes from twelve schools were selected. All
students with approximately 20 to 30 students in each class participated in the survey. The 10%-
grade students were chosen considering the Indonesian national K-13 curriculum, as this grade
marks the transition from integrated science to separate science subjects. Furthermore, students
in grade 10 students represent the age group that has completed compulsory education in
Indonesia according to national regulations. The students were enrolled in public high schools
that followed national curriculum with the same content standard for learning objectives and
context through the school programme (BSNP, 2013). A total of 1243 students participated in
this study. The detailed background of the participants is presented in Table 7.
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Table 7. The characteristics of the participants

Characteristic N (frequency %)
Gender
1. Male 457 (36.8%)
2. Female 786 (63.2%)
Age M=16.78 (SD = 0.98)

Socio-economic status (SES)
1. Father education

a. Elementary school 154 (12.4%)
b. Middle school 117 (9.4%)
c. High school 426 (34.3%)
d. Vocational school 127 (10.2%)
e. University 419 (33.7%)
2. Mother education
a. Elementary school 145 (11.7%)
b. Middle school 172 (13.8%)
¢. High school 430 (34.6%)
d. Vocational school 88 (7.1%)
e. University 403 (32.8%)

4.3 Instruments

This study used two different types of measurements, the test to measure domain-general
and domain-specific problem-solving, inductive reasoning, and scientific competency, and the
questionnaire to measure the attitude towards science, science motivation, and background
information of students. All tests and questionnaires were generated in English, and then back
and forward translation was done into Indonesian language with the assistance of two reviewers.
The instruments were administered via an online platform, the electronic diagnostic assessment

system (eDia) (Csap6 & Molnar, 2019). The details of the instruments are described below.

4.3.1 Domain-general problem-solving test: MicroDYN

In the domain-general problem-solving assessment, we used the MicroDYN complex
problem-solving test, a computer adaptive testing that measures problem-solving ability in two
main principles, knowledge acquisition, and knowledge application (Greiff et al., 2015).
MicroDYN has been proven valid to measure problem-solving ability from several studies and
was included in large-scale assessments (Greiff & Funke, 2017). The MicroDYN test applied a
linear structural equation system which allows students to model the system by connecting the
input variables and output variables (Funke, 2010). MicroDYN administration starts with
instructions on how to operate the system and practice items that make students familiar with
the test interface. When facing the test, students will see the system, they freely explore the
system by manipulating the value in the output variable (i.e. topax and floba, see Figure 4.1).

Students can increase or decrease the amount of input variable (”+” button to increase the value
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and ”-” to decrease the value) and by clicking the ”Apply” button, students execute their
exploration activities and will see the changes in the output variables. Then, students can
evaluate their exploration activities and identify the connection between input and output
variables.

There are two phases in the MicroDYN test known as knowledge acquisition and knowledge
application. In the knowledge acquisition phase, the students are presented with the test system
that shows input and output variables. They can explore the system and find the connection
between the input and output variables. Simultaneously, they can draw the connection model
between variables by creating an arrow to connect the variables (Figure 12). In the knowledge
application phase, the correct connection between input and output variables is presented in the
system. Students are asked to reach a certain value of the output variable (indicated by the red
line) by controlling and manipulating the exact value of the input variables (Figure 13). The
decision to manipulate the exogenous variable requires careful analysis because the increase of
output variable would lead to an increase in one or more output variables, or even a decrease,
neutral, or mixed effect (Greiff & Funke, 2017). The actions to test the knowledge application

phase were limited by the time and amount of four attempts to the process.

Find out about the relations and plot them in the model. Please note:
The clock will be ticking while you are looking at this page. 178
Brightness -
Topax 1
0 F )
Fluidity -
Floba ® ‘
0 + ++
Help ) * Reset Apply
Topax Brightness
Floba Fluidity
Next

Figure 12. The knowledge exploration phase. The student has to explore the effect of topax
and floba on the exogenous variables and continue with drawing line to connect the related
variables.
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Reach the given target area in no more than four steps. Please note: The clock will
be is ticking while you are looking at this page. 87
Brightness L -
Topax : 15
0 * + )
N
Fluidity . .
Floba ®
0 + ¥
Help c i Reset Apply
Topax Brightness
Floba Fluidity
Next

Figure 13. The knowledge acquisition phase. Students must reach the expected value (red
line) of the endogenous variable by adjusting the value of the exogenous variable.

The MicroDYN test in this study consists of 20 items, with 10 items in each knowledge
phase (see Appendix A). All items showed different themes and complexity indicated by the
number of variables presented in each test item and its interactions (Table 8). The type of
scoring of the MicroDYN test followed dichotomous scoring when a score 1 was given to
students who correctly addressed the test items and 0 was given to students who did not provide

the correct response.

Table 8. The complexity of the MicroDYN test

Variable Complexity Number of input Number of connections Items
level and output variables

Knowledge simple 2or3)-2 2or3 1,3,5

acquisition complex 3-3 3or4 7,9, 11
eigendynamic 3-Q2or3) (2 or 3) + 1 eigendynamic 13, 15,17, 19

Knowledge simple 2or3)-2 2or3 2,4,6

application complex 3-3 Jor4 8,10, 12
eigendynamic 3-(2or3) (2 or 3) + 1 eigendynamic 14, 16, 18, 20

4.3.2 Domain-specific problem-solving test

The science problem-solving (SPS) test exhibits the problem-solving measurement in the
specific domain. The test framework was derived from the PISA framework and Poélya’s

problem solving, which focused on the ability to identify problem situation and generate the
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solution (OECD, 2016; Polya, 1945). A total of 11 items were used to measure the science
problem-solving ability which was constructed in a multiple-choice test (see Figure 14). Among
the test items, five questions represent the first category of problem solving, identifying the
problem (IP) that assesses students' performance to identify components or variables related to
the problem situation and find its relationship to conclude the main cause of problems. The
second category, the generating solution (GS), consists of 6 items. It assesses the students’
ability to analyse information and choose the best solution to address problems. Each item in
the test presented different situations in the scope of science contexts such as pollution,
bioremediation, animal behaviour, agriculture, pest and disease, conservation and animal
protection, and health. The detailed description of each science problem-solving item is

presented in Table 9.

Table 9. The description context of science problem-solving test

Category Code Description
Identifying Identification of heavy metal pollution in rivers. The students identify the physical,
problem IP1 chemical, and biological indicators of heavy metal pollution and determine the

critical amount of each indicator to classify the level of pollution.
Identification of factors that influence bird migration in forest and tree formations

P2 (shading, leaf petiole, and foraging index).

P3 Identification the most potential species that cause fungal disease and attack tomato
plants based on their symptoms and physical environment.

P4 D§temining the cause of microplastic pollution and other contaminants in the
pristine areas

IP5 Identification the level of microplastic pollution based on its residual level found in

the coral reef ecosystem.
G?nf’,ratmg GS1 Determining the rate of bioremediation to test the effectiveness of microbial agents.
solution

GS2 Deforestation and tree formation to assist in bird migration.

Determining parental plants for crossbreeding to produce high-resistance plants

GS3 against fungal infections.

GS4 Creating an exercise plan for the diet based on daily calorie intake.

The conservation program to prevent the endanger of giant salamander in the rocky
mountain

Determine the best conservation location based on the characteristic of the natural
habitat of the animal.

GS5

GS6

The chosen topic was aligned with the Indonesian K-13 national curriculum and was taught
to students from middle school to secondary school. The test was designed in multiple choice
form followed by the adaptation from several standardised domain-specific problem-solving
tests in science (Nadapdap & Istiyono, 2017; Szeberényi, 2013). The test is subjected to content
check by two reviewers who are experts in the science and biology fields. The scoring process

assigned 1 point to students who correctly answer the questions and 0 point to incorrect answers.
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Plant crossbreeding

The scientists proved that the hybrid production of the new plant’s varieties of tomato can improve
their resistance to fungal disease (i.e., powdery mildew) and improve the quality of the fruit
production. There are several parental tomato plants that have potential to be involved in inbreeding
process. In this case big fruit, long stem, and intolerant traits are dominant over small fruit, short stem,
and resistance trait (Table 4).

Table 4. The traits of different tomato plants

Parental Attributes (Traits)

TMI Big fruit, long stem, intolerant to powdery mildew
T™2 Small fruit, long stem, intolerant to powdery mildew
™3 Big fruit, long stem, resistance to powdery mildew
™4 Small fruit, long stem, resistance to powdery mildew
™S Big fruit, short stem, intolerant to powdery mildew
T™6 Small fruit, short stem, intolerant to powdery mildew
™7 Big fruit, short stem, resistance to powdery mildew
TMS Small fruit, short stem, resistance to powdery mildew

6. Which parental plant that suitable for producing tomato that has big fruit, short stem, and high
resistance of fungal disease?
a. TM1 X TM3
b. TM2 X TM4
c. TMS5 X TM6
. TM3 X TM7
e. TM7 X TM8

a

Figure 14. An example of a science-problem solving test in the generating solution phase. The
students facing a problem related to pests and tomato plants. Ths students are asked to
formulate a solution by selecting suitable parental plants with specific phenotypic traits for
crossbreeding to enhance the offspring plants’ resistance to pests.

4.3.3 Inductive reasoning test

The test to measure inductive reasoning ability in this study was focused on recognising the
relationship between attributes by detecting their similarities and dissimilarity. The students
will detect similarities and dissimilarities between attributes, find their relationship, and predict
the next attribute compatible with the following pattern. We used figure and number attributes
for inductive reasoning measurement to represent general symbols that can be used in many
contexts. Thus, we used four different test formats including figure series (FS), figure analogy
(FA), number analogy (NA), and number series (NS)(Csapd, 1997; Pésztor et al., 2017). The
test consists of 32 items, each task composed of 8 items (see Appendix C). The scoring process
for each test item was assigned 1 point for the correct answer and 0 point for the incorrect

answer. Some examples from the inductive reasoning test are shown in Figure 15.
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Figure 15. The inductive reasoning tasks

4.3.4 Scientific competency test

In this test, we conducted a task focused on assessing cognitive disposition to deal with
science issues at a certain level of cognitive domains and knowledge. The scientific competency
test framework work was adapted from PISA scientific literacy, which focused on two main
sub-competencies (OECD, 2019b). The first competency, explaining scientific phenomena,
measures the students’ understanding of factual and conceptual knowledge from a certain
science topic represented by 8 items. The second competency, interpreting and evaluating
scientific data or evidence measures students’ ability to analyse and evaluate factual and
procedural knowledge related to specific science issues and contains 7 items (see Figure 16).
Unlike science problem-solving tests, which present problem situations to solve, the scientific
competency test aims to measure the understanding of scientific concepts based on prior
knowledge and comprehension of new information. A total of 15 multiple-choice items were
generated for measure scientific competency (see Appendix D). When the students completed
the test, the correct answer was assigned as 1 point, and the incorrect answer was assigned as 0

point. The details of the scientific competency test description are shown in Table 10.
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Table 10. Description of the scientific competency test

Competency Items no. Science topic

1 symbiotic of mycorrhiza and legumes
2 inorganic compound and legumes development
4 external factor in bird migration
7 the effect of biogas application

Esx(}:)gining scientific phenomena 9 bioremediation process

( ) 11 the cause of global warming
12 food chain
15 organism interaction

effect of organic compound and mycorrhiza on the
development of legumes

5 migration period

effect of temperature on biogas production

Interpreting and evaluating 8 accumulation of heavy metal in plants
scientific data or evidence (SCI)

10 the progression of global warming
13 balance of the ecosystem
14 biological control of pests

9. Explain how fungal strains help in the chromium remediation process?
a. absorbing the pollutant and accumulate it in their body.

b. mobilising the chemical compound into their host plants;

¢. change the pH of their surrounding with the pollutant compound

d. degrading the pollutant compound to a less toxic form

e. produce mucus to trap the pollutant.

Figure 16. An example from the scientific competency test. The question is focused on
assessing students’ understanding of science concepts and explaining the role of
microorganism in pollution reduction.

4.3.5 Attitudes towards science questionnaire

The attitude towards science was measured by an adapted questionnaire from several studies
(Kind et al., 2007; van Aalderen-Smeets et al., 2012; Wendt & Rockinson-Szapkiw, 2018). We
took several items from the previous questionnaire and adapted them based on the Indonesian
context. The rearrangement of the items in the attitudes towards science questionnaire (ATSQ)
was performed according to the three-dimensional framework and grouped into four latent
variables. Firstly, the affective dimension expresses the emotions to science which were
described into two latent variables, enjoyment and confidence as positive emotions and anxiety
and difficulty as negative emotions (e.g., “I feel happy while learning science” and “I feel

nervous while learning science” respectively). Second, the cognitive domain expressed the
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cognitive belief about the value of science (e.g., “The benefits of science are greater than the
harmful effects”). The last behavioural domain expresses the tendency to participate in learning
and activities (e.g., “I like to participate in science class discussion”). The total item for attitude
towards science measurement was 27 items, divided into four latent variables, which enjoyment
variable was explained by 8 items, anxiety and difficulty consist of 7 items, participation in
science learning and activities with 7 items, and the value of science consist of 4 items (see
Appendix E). The content of the ATSQ was verified by two reviewers to ensure that the items
are suitable for measuring attitude toward science in an Indonesian context. The questionnaire
is presented in an online version with the scoring type followed by a Likert scale ranging from
1 to 5 (1 = strongly disagree, 2 = disagree, 3 = neutral, rather agree or disagree, 4 = agree, and

5 = strongly agree).

4.3.6 Science motivation questionnaire

The science motivation questionnaire used in this study was adapted from SMQ II (Glynn et
al., 2009, 2011). The questionnaire assesses motivation related to learning science which
expresses students’ science learning behaviour. The assessment was explained in 5 latent
variables, including intrinsic motivation, career motivation, self-determination, self-efficacy,
and grade motivation. First, in the intrinsic motivation variable, the students make self-
assessments about their interest in learning science that benefits for its own sake (Glynn et al.,
2009) (e.g. I am curious about discoveries in science). Second, career motivation, it assessed
students' motivation to learn science for future career benefit (e.g. My career will involve
science). Third, self-determination that describes student motivation based on their
psychological needs (Ryan & Deci, 2000) (e.g. I spend a lot of time learning science). Fourth,
self-efficacy, it assessed students’ belief in their capabilities to learn science (Lawson et al.,
2007) (e.g. I believe I can master science knowledge and skills). And fifth, grade motivation
focuses on external motivation for learning science to get better grades (e.g. Getting a good
science grade is important to me). Each variable consists of 5 items, with a total of 25 items
generated to measure students’ science motivation (see Appendix F). The students responded to
this questionnaire choosing the options based on the Likert scale ranging from 1 to 5
(1 =strongly disagree, 2 = disagree, 3 =neutral, rather agree or disagree, 4 = agree, and

5 = strongly agree).
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4.3.7 Background questionnaire

The background questionnaire was applied in this study to get additional information about
students’ gender and socio-economic status (SES). The background questionnaire measures the
identification data of the students about gender, age, and parent’s education (see Table 4.1). In
SES, students input information about their father and mother’s highest education level. The
level was placed into five categories, 1 for elementary schools, 2 for middle school, 3 for

secondary school, 4 for vocational high school, and 5 for university or higher education level.

4.4 Procedures

The research instrument was administered on the online eDia platform (Csap6 & Molnar,
2019), and each test and questionnaire was stored in separate domains. Each instrument was
sent to students through the teachers. We contacted the teachers in the selected school sample
and asked them to distribute the online instruments to students during school time. The students
voluntarily participated in the study and consent was obtained before the distribution of the tests
and questionnaires. The students took the test and filled out the questionnaire in the school
laboratory under the supervision of the teacher. Students were given specific time to complete
the instruments in three consecutive phases. Firstly, they did the background questionnaire,
attitude towards science, and science motivation, they spent approximately 60 minutes
completing the questionnaires. Secondly, the scientific competency and inductive reasoning test
were given, and students completed in 60 minutes each. Lastly, the domain-general problem-
solving task was given to the students for 90 minutes completion, and it is followed by the
domain-specific problem-solving test for 60 minutes. After students complete the tests and
questionnaires, they get automated responses about their performance. The exclusion criteria
applied when student did not participate in one of the tests or questionnaires. Aditionally,
incomplete responses in each test and questionnaire are excluded from the analysis. All the data

was collected on the eDia server and are kept confidential due to information protection.

4.5 Data analysis

Data were subjected to quantitative analysis to address research objectives. First, the
validation of the instruments was presented with a focus on construct validity and reliability
analysis. Confirmatory factor analysis (CFA) was used to ensure the construct of the tests based
on the theoretical framework. We apply the comparative fit index (CFI), the Tucker-Lewis index
(TLI), the root mean square error of the approximation (RMSEA), and the standardised root

mean square residual (SRMR) as a parameter to describe the model with cutoff value as follows:
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CFI > .90; TLI > .90; RMSEA < .08; SRMR < .08 (Hu & Bentler, 1999). The factor loading of
each item was measured with a value greater than 0.40 for an acceptable result. Furthermore,
multidimensional Rasch model analysis was also performed to verify psychometry properties
and quality of the test items (Boone et al., 2014). The Rasch model constructs a linear measure
logit scale based on the difficulty and probability of the items for the participants to be able to
answer the questions (Sbeglia & Nehm, 2019). The infit mean square (MNSQ) value is used to
determine the item fit, with an acceptable range between 0.5 and 1.5 (Boone et al., 2014). The
bias detection of the test was performed using different item functioning (DIF) analysis with
respect to gender groups. The item bias was indicated by a significant result of DIF, whereas a
nonsignificant result will confirm no bias identified. In addition to that, the size of the DIF
effect was calculated to quantify the bias effect, where the low size (< .64) can be interpreted
as negligible (Boone et al., 2014). Reliability analysis (Cronbach’s alpha and McDonald’s
omega) was also added to confirm the internal consistency of the instruments.

The descriptive analysis was performed to profile the students’ ability and their level in each
variable measure. We used logit value for standardized measurement to describe students’
ability levels. This logit value was generated from Rasch's analysis representing the level of
student ability in each test and questionnaire responses based on standardization estimates
(Boone, 2016). The comparison analysis was conducted using the t-test to compare the level of
student ability according to their gender. To answer the connection between the cognitive and
affective factors and problem-solving ability, we performed a structural equation model (SEM)
with a maximum likelihood (ML) estimator to analyse the relationship between observed and
latent variables (Khine, 2013). The data analysis process was performed with SPSS software
for the profile and comparison analysis of the students’ abilities. The Winstep programme was
used for the Rasch analysis. Thus, the MPLUS software was used to perform SEM and factor

analysis.
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CHAPTER 5 EMPIRICAL RESULTS

In this chapter, the results of the empirical study are presented. There are seven subchapters
explained from 5.1 to 5.6, focusing on the psychometric properties of the measures and the
description of students’ abilities in each trait and a comparison of students’ abilities based on
gender differences. Subchapter 5.7 focuses on the relationship between cognitive and affective
factors, gender, and socio-economic status in domain-general and domain-specific problem
solving. I included several published studies for this chapter (Wicaksono & Korom, 2022a,
2023a, 2023b, 2021, 2022¢, 2023¢) with detailed explanations of each subchapter are presented

below.

5.1 The assessment of domain-general problem-solving

We used the MicroDYN test to assess domain-general problem-solving based on the CPS
approach. The test has two phases which include knowledge acquisition and knowledge
application tasks, which serve as the foundation of the problem-solving process. To ensure the
validity of the domain-general problem-solving test in an Indonesian context, the psychometric
properties of MicroDYN were examined before the assessment process. Additionally, a
descriptive analysis was conducted to profile students’ domain-general problem-solving
abilities, including a comparison between male and female students. The first hypothesis (H1)
was tested in this subchapter, predicting that there is significant difference among gender with
males outperforming females in domain-general problem solving (Greiff et al., 2018;

Wiistenberg et al., 2014).

5.1.1 The validation of MicroDYN test

The MicroDYN test shows good reliability coefficients (o = .849 and ® = .859) confirming
that the test shows internal consistency. The 2-factor CFA was performed to ensure the construct
validity of the test which resulted in an acceptable model fit with y*/df =1.98, CFI = .99,
TLI=.99, RMSEA = .03, and SRMR = .08. The factor loading of each item in the knowledge
acquisition phase is ranged from 0.58 — 0.97 while in the knowledge application is also ranged
from 0.57 — 0.90, showing that the items belong to each construct.

Further analysis with the Rasch model was performed to measure the quality of the
individual items based on the fitting index. We performed an unidimensionality and
multidimensionality analysis (2 dimensions) to check the fit index of the items (Table 11).

Among the 20 elements of the MicroDYN test, all elements have a good fit mean square
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(MNSQ) value ranging from 0.67 — 1.36 which means that each element has good quality to
measure the domain-general problem-solving. Based on a two-dimension model, the items have
a good fit MNSQ (0.70 — 1.29) that supports the theoretical construct of having two dimensions
of the MicroDYN test. The other parameter to ensure validity is the correlation of the item’s
point measure (PTMA) that shows a positive value.

Regarding the difficulty level of the test, in knowledge acquisition, item 18 (logit
measure = 2.88) is categorised as the most difficult item, while item 1 (logit measure = -3.58)
is the easiest. This difficulty level of each item was aligned with the task structure where items
1 and 2 were constructed with the less variable and simple linear structure (2x2) whereas items
13 and 18 have a more variable and complex structure (3x3). The Wright map of MicroDYN

test items is presented in Figure 17.

Table 11. The item fit of the MicroDYN test from Rasch analysis

unidimension 2-dimensions
Variable Item 3;0(:?; Infit Infit PTMA
Measure SE MNSQ Measure SE MNSQ
Knowledge do1 479 -3.58 0.08 1.21 -2.99 0.07 1.29 0.57
acquistion do3 216 -1.67 0.10 0.84 -1.10 0.09 0.89 0.66
dos 370 -2.88 0.08 1.17 -2.32 0.08 1.22 0.58
do7 343 -2.70 0.08 0.88 -2.13 0.08 0.98 0.68
do9 190 -1.41 0.10 0.67 -0.83 0.10 0.70 0.72
d11 222 -1.73 0.10 0.67 -1.15 0.09 0.71 0.73
d13 20 2.25 0.26 0.73 3.00 0.19 1.01 0.37
d1s 33 1.57 0.21 0.85 2.55 0.17 1.03 0.42
d17 30 1.69 0.22 0.82 2.40 0.17 0.95 0.40
d19 22 2.12 0.25 0.73 2.87 0.37 0.95 0.38
Knowledge do2 288 -2.29 0.09 1.28 -2.68 0.08 1.10 0.54
application do4 256 -2.03 0.09 1.26 -2.44 0.08 1.05 0.54
doe6 56 0.76 0.17 1.01 0.10 0.13 0.91 0.44
dog 26 1.89 0.23 0.90 1.14 0.16 0.83 0.38
d10 86 0.05 0.14 0.87 -0.55 0.11 0.84 0.55
d12 65 0.52 0.16 0.96 -1.12 0.12 0.90 0.50
d14 60 0.65 0.16 1.10 -0.00 0.13 1.03 0.44
d1e6 40 1.27 0.19 0.96 0.57 0.14 0.95 0.43
d18 6 3.72 0.43 1.14 2.88 0.19 1.02 0.14
d20 27 1.84 0.23 1.36 1.10 0.40 1.18 0.26
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Figure 17. The Wright map of the MicroDYN test; (a) unidimensional (each X represents 2.1
cases); (b) two-dimensional (each X represents 4.4 cases)

Different item functioning (DIF) analysis was added to confirm the potential of test bias
from the gender group. All items in MicroDYN tests showed no significant result for DIF
(p > .05), confirming that DIF did not occur concerning gender. The significant result is
supported by the meaningful effect size, which DIF contrast not exceeds 0.64, except item 19
(Figure 18). However, due to nonsignificant result, item 19 is also considered to be independent

from gender bias.
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Figure 18. The DIF results for MicroDYN test (1 = male; 2 = female)

5.1.2 The ability level of the student’s domain-general problem-solving

We used the logit value to describe the general problem-solving ability. The overall student
performance has a mean logit value of -3.93 (SD = 1.80) which shows a lower level of ability
than the average (below logit 0) (see Figure 19). In knowledge application, the mean logit value
of the students reaches -3.77 (SD = 2.18). This result also applies to knowledge application
when the average student score is -3.98 (SD = 1.46). Additionally, we analysed the ability of
the students based on the complexity of the test. In a simple task, the students got a mean logit
score of -1.85 as their score dropped to -3.78 logit in a complex task and reached -3.40 logit for
eigendynamic tasks. A similar trend also appears in the knowledge acquisition and knowledge
application tasks, where the students' scores decreased steadily as the task became more

complex and difficult (Figure 20).
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Figure 19. The distribution of students’ logit scores in the MicroDYN test (Kacq = knowledge
acquisition, Kapl = knowledge application)
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Figure 20. The distribution of students’ problem-solving scores in tasks of different
complexity

5.1.3 The gender difference in domain-general problem-solving ability

We elaborate on the distribution of students’ abilities by analysing their gender differences
in problem-solving tasks. Both male and female students exhibit low domain-general problem-
solving ability with a mean logit value below 0 (see Figure 21). The detailed comparison
between male and female students' problem-solving ability is presented in Table 12. The t-test
analysis revealed a significant difference between male and female performance in problem

solving, where male students performed better than female students (Mmale=-3.58,
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SDmate = 2.09; Mfemate = -4.13, SDfemale = 1.58; t=5.18, p <.001). The male students also found
to apply knowledge acquisition in better ways than the female students (Mxac-male = -3.58,
SDxac- male = 2.09; MKac-female = -4.13, SDxac-female = 1.58; t =5.18, p <.001). In the knowledge
application task, male students also scored better than female students (Mxap-male =-3.66,
SDkap- mate = 1.74; Kap-femate = -4.16, SDKap-femate = 1.22; t = 5.18, p <.001). The favour of males
compared to females is also found in different test complexity. In the simple MicroDYN task,
male students scored better than female students, whereas it also applies for complex and

eigendynamic tasks.

logit_value
[< TS, T R O R S NP JCRIN ST o ¥
]

phase KAcq KApl Total KAcq KAplI Total
gender 1 2

Figure 21. The distribution of students’ domain-general problem-solving (Kacq = knowledge
acquisition, Kapl = knowledge application) by gender (1 = male; 2 = female)

Table 12. The gender comparison of students’ domain-general problem-solving

Category Male (n =457) Female (n = 786) t-test Cohens’
Mscore Mlogit SD Mscore M]ogit SD (df: 1241) d

MicroDYN 0.15 -3.58 2.09 0.09 -4.13 1.58 t=5.18,p<.001** 0.38
Knowledge acquisition

Simple 0.32 -0.89 1.80 0.26 -1.22 1.55  t=3.34,p<.001** 0.18

Complex 0.26 -1.52 2.34 0.17 -2.04 1.88 t=4.31,p<.001** 0.25

Eigendynamic 0.04 -2.46 0.83 0.01 260 044  t=3.93,p<.001** 0.24

Total 0.19 -3.40 2.56 0.13 -3.98 1.89 t=4.61,p<.001** 0.29
Knowledge application

Simple 0.20 -1.85 1.79 0.14 -2.26 1.36  t=4.59,p<.001** 0.23

Complex 0.08 -2.35 1.25 0.03 266 062 t=597,p<.001*%* 0.29

Eigendynamic 0.04 -2.79 0.77 0.02 297 044 t=5.23,p<.001** 0.20

Total 0.10 -3.66 1.74 0.05 -4.16 1.22  t=5.93,p<.001** 0.36
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5.1.4 Discussion

The MicroDYN test for domain-general problem-solving analysis has been proven to show
good validity results in many context studies (Schweizer et al., 2013; Wu & Molnar, 2021;
Wiistenberg et al., 2014). In the present study, the Indonesian version of the MicroDYN test
shows acceptable psychometric properties for the validity of the construct and the internal
consistency, which confirmed the applicability of the test for assessment purposes.

The assessment of domain-general problem-solving with Indonesian students resulted in an
average score below logit 0 (M =-3.93; SD = 1.80), indicating poor performance in domain-
general problem-solving tasks. A similar pattern is also found in both phases of problem solving
(knowledge acquisition and knowledge application) when the students have an average score
below logit 0. This result implies that students have difficulty in acquiring and applying
knowledge in problem-solving tasks. During system exploration, most of the students failed to
get new knowledge, find the relationship between input and output variables, and apply the
knowledge in new situations. Consequently, their scores are dropping along with the higher
complexity level of the task. The students get scores below 0 logit in the simple tasks and
achieve lower in the complex and eigendynamic taks.

Regarding the gender comparison, we found male students have better performance in
domain-general problem-solving rather than female students. This result supports the
hypothesis (H1) that boys outperformed girls in problem solving (Greiff et al., 2018; OECD,
2014; Wiistenberg et al., 2014). Borgonovi & Greiff (2020) analysed the PISA data and
concluded that male students performed significantly better than female students in 19 out of
42 countries. The explanation for the differences among gender in problem solving lies in the
effectiveness of using strategies during the knowledge-building process when facing unknown
problem (Wittmann & Hattrup, 2004). Male students use more effective strategies in dealing
with problem-solving tasks. They were able to analyse the role of each variable and altered
those variables to reach a correct relation of input and output variables, making a clear system
structure. In the cognitive psychology approach, male students have been found to show better
spatial and information processing than female students (Reilly & Neumann, 2013) which
supports their effectiveness during problem-solving task completion. Male and female students
also have different styles in organising experiences and interpreting situations (Witkin &
Goodenough, 1981) which influence their interaction with problem-solving properties and

variables.
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Since there is a lack of information on student general domain problem-solving performance
in Indonesia (Wicaksono & Korom, 2022b), the present study will provide beneficial
information for educational evaluation purposes which describe what students can do when
dealing with general problem scenarios. This information can be used for further problem-
solving programme in the scope of the assessment and intervention in high schools in Indonesia.
Thus, we suggested to incorporate the acquisition and application of knowledge during learning
activities. Later on, the studies of problem-solving assessment in the general domain become
essential to prepare students to solve their real-life problems. The present study also has some
limitations for using CPS approaches with dichotomous scoring, whereas the other domain-
general problem-solving approaches with different scoring types are presentable. In terms of
sample distribution, this study was dominated by female students. Indeed, for further study, the
use of approximately equal number of sample groups is encouraged.

MicroDYN tests showed good psychometric properties for domain-general problem-solving
assessment in the Indonesian context. Through the assessment process, we revealed the low
level of student ability in domain-general problem solving. When performing the MicroDYN
task, students' scores decrease along with the increasing complexity of the task. Therefore, we
found that the result supports the hypothesis that male students outperformed female students
in domain-general problem-solving tasks. Male students scored higher in both the knowledge
acquisition and knowledge application categories. Thus, these results should be considered in
terms of sample equity and the use of MicroDYN with CPS approaches for examining students’
domain-general problem-solving, whereas other instruments may be applicable also for
assessment purposes. Furthermore, we recommend further research on domain-general
problem-solving in the area of assessment and intervention in the Indonesian context, by
incorporating problem-solving phases and considering several factors that potentially influence

problem-solving.
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5.2 The assessment of domain-specific problem-solving

The present study aimed to measure students’ domain-specific problem-solving which
specifically addressed the science context. We used science problem-solving test to analyze
students’ abilities through the entire assessment process. Firstly, we check the validation of the
science problem-solving test to ensure that the test fits the Indonesian sample. Secondly, we
examined the students' abilities to solve science problems and made a comparison based on
gender differences. The second hypothesis (H2) was tested in this subchapter, predicting that
there is a significant difference between genders in domain-specific problem-solving

performance, with males outperforming females (Gok, 2014; Soto-Ardila et al., 2022).

5.2.1 The validation of science problem-solving test

The science problem-solving test showed acceptable reliability (Cronbach’s a=.726 and
McDonald’s @ =.734) confirming that the test has good internal consistency. We conducted
CFA with a two-factor analysis that resulted in a good fit of the model with */df =1.99,
CFI= .98, TLI =.98, RMSEA = .03, and SRMR = .04. The factor loadings for each item are
above 0.40, except for item 1 (0.28) and item 3 (0.37) which belong to IP category. However,
this item is still taken to explain IP based on the overall fit of the model. Thus, the Rasch analysis
was conducted to support the position of those items in IP category, as well as the other items
in each group. We performed unidimensional and multidimensional Rasch analysis to check the
individual item fit. Table 13 shows the result of the Rasch analysis, confirming that each item
in the science problem-solving test has a good fit index in the unidimensional model (infit
MNSQ between 0.81-1.24). Furthermore, based on multidimensional model analysis, the infit
MNSQ of the item also showed an acceptable value in the IP (0.86—1.11) and GS (0.93—-1.09),
categories claiming that each item fit each category. Another indicator of good item fit is the
positive value shown in the point-biserial correlation (PTMA).

The Wright map in Figure 22 shows the distribution of students ability by *X’ (left) and the
level of items (right). Among the eleven items in science problem-solving test, item 03 serve as
the hardest items (logit measure = 0.92), while the easiest one is item 08 (logit measure = -0.94)
which both of them belong to identifying problem category. Furthermore, differential item
functioning (DIF) was performed to check the bias of the item toward the gender group that
resulted in a nonsignificant result for the majority of the item, except item 7, 8, 9, and 10
(p <.05). Further identification for item bias requires the estimation of DIF size indicating
negligible result for bias if the value is higher than 0.64 (Boone et al., 2014). Thus, all of the

items in the science problem-solving test have DIF size lower than 0.64 which also claims that
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all of the items are free from bias, even for items 7, 8, 9, and 10 which is considered negligible

(see Figure 23).

Table 13. The item fit of science problem-solving test

Total Unidimension 2-dimension
Variable Items s:oje M § SE Infit M . SE Infit PTMA
casure MNSQ casure MNSQ
Identifying do1 277 0.81 0.08 1.24 0.64 0.05 1.11 0.32
problem (IP)  d03 259 0.92 0.08 1.13 0.74 0.05 1.06 0.37
dos 388 0.19 0.07 1.08 0.09 0.05 1.03 0.46
do8 627 -0.94 0.07 0.93 -0.91 0.04 0.93 0.58
do9 539 -0.53 0.07 0.81 -0.55 0.10 0.86 0.64
Generating do2 471 -0.22 0.07 1.09 -0.13 0.05 1.09 0.47
solution (GS) d04 497 -0.34 0.07 0.94 -0.24 0.05 0.99 0.56
do6 316 0.58 0.08 1.01 0.61 0.05 1.01 0.48
do7 379 0.24 0.07 1.05 0.29 0.05 1.06 0.46
d10 530 -0.49 0.07 0.89 -0.39 0.05 0.93 0.60
dil 474 -0.23 0.07 0.88 -0.14 0.10 0.93 0.59
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Figure 22. The Wright map of the science problem-solving test; (a) unidimensional (each X
represents 2.0 cases); (b) multidimensional (each X represents 3.9 cases)
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Figure 23. The DIF result for science problem-solving test items (1 = male; 2 = female)

5.2.2 The ability level of students’ domain-specific problem-solving

The profile of the ability of the students to solve science problems is seen in Figure 24. The
mean average of the students' scores is -0.88 logit (SD = 1.43). In IP category, the students
received average logit values of -0.93 (SD = 1.51), which is lower than the average score of the
GS category which reached -0.77 logit (SD = 1.57). The distribution of the student score in SPS
has a skewness value between 0.03 and 0.39 and a kurtosis value between -0.26 and -0.62. Field
(2013) reported that the normal distribution of the data can be accounted for with the skewness
level within the range of + 1.96. Therefore, the SPS of the students in this study is normally
distributed.

Figure 24. The distribution of students’ logit scores in science problem solving (IP =
identifying problem, GS = generating solution)
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5.2.3 The gender difference in domain-specific problem-solving ability

The comparison of male and female students in the SPS score is presented in Figure 25. In
SPS, female students (Miogit = -0.84, SD = 1.39) showed a slightly higher logit score than male
students (Miogit = -0.96, SD = 1.49), but the difference is not significant (¢ =-1.36, p > .01) (see
Table 14). We also compared the ability of male and female students in the SPS category, which
resulted in no differences between male and female students in IP (¢ =-1.97, p > .01) and GS

(t=-0.82, p> .01).

logit_value
o
]

category GS P Total GS P Total
gender 1 2

Figure 25. The distribution of students’ science problem-solving ability (IP = identifying
problem, GS = generating solution) by gender (1 = male; 2 = female).

Table 14. The gender comparison of students’ science problem-solving

Male (n =457) Female (n = 786) t-test
Category Cohens’ d
Mscore Mlogit SD Mscore Mlogit SD (df: 1241)
1P 0.32 -1.04 1.57 0.35 -0.87 1.47 t=-1.97, p=.054 -0.11
GS 0.35 -0.82 1.59 0.36 -0.74 1.56 t=-0.82, p=.413 -0.07
Total 0.33 -0.96 1.49 0.35 -0.84 1.39 t=-1.36,p=.166 -0.08

Note: IP = identifying problem, GS = generating solution

5.2.4 Discussion

The dynamic of domain-specific problem-solving in adolescence has been studied by many
scholars (Dermitzaki et al., 2009; Molnar et al., 2013; Rausch & Wuttke, 2016; Seifried et al.,

2020; Walker et al., 2016). In the assessment process, the domain-specific problem-solving test
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showed good psychometric properties in many contexts (Chang, 2010; Cheng et al., 2017,
Wicaksono & Korom, 2023c¢). The present study also confirmed that SPS is suitable for domain-
specific problem-solving assessment in science context in Indonesia. Based on the assessment
result, students’ domain-specific problem-solving is slightly below the average level with mean
logit score as -0.88. In each domain-specific problem-solving task, students performed better
in generating solution (GS) category rather than identifying problem (IP) tasks. It is also
confirmed that the hardest item (item 3) belongs to the IP category explaining a problem
situation in the agricultural topic. The IP task was designed to identify components or variables
connected to the problem situation and to find its relationship for concluding the main cause of
the problems. Furthermore, this category is connected to the reasoning process and the
familiarity of the topics and prior knowledge. The low score in this category raises the
probability that the majority of students have difficulty in reasoning activities and lack of
essential knowledge.

The level of students’ problem-solving ability in science reflects their habit in problem-
solving activities. Priemer et al. (2020) explained that the success of problem solving in science
involved a sequence of instructions or strategies during learning or a circular process of
scientific activities. Thus, a wide spectrum of learning approaches is suggested to foster
students’ problem-solving activities (Pedaste et al., 2015), which can be used for teaching and
learning process in Indonesia.

In case of gender difference, various results from previous studies have been presented
regarding domain-specific problem-solving performance. Some studies showed that female
students outperformed male students in domain-specific problem-solving, especially in
mathematics and science contexts (Amalina & Viddkovich, 2023a; Ding et al., 2011). In
contrast, other studies also revealed that male students have better scores than female students
on mathematics, physics, and chemistry problem-solving tasks (Adigwe, 1992; Gok, 2014;
Soto-Ardila et al., 2022). The present study revealed that there are no differences between the
performance of male and female students in science problem-solving, rejecting the hypothesis
(H2). This result, however, is supported by several studies that have reported no significant
results in gender differences related to domain-specific problem-solving performance
(Gallagher et al., 2000; Gunawan et al., 2020; Guven & Cabakcor, 2013; Harskamp et al., 2008;
Hung et al., 2012). Regarding gender, many studies reported that male students develop more
memory capacity to help them in problem representation and planning solution, while females
are faster in verbal processing (Royer & Garofoli, 2005). Instead of the causing by cognitive

processes, the domain-specific problem-solving of students is also related to learning
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instruction and activities (Gok, 2014; Harskamp et al., 2008). In this study, the students expose
the same learning activities, resulting in similar experiences in facing problem situations and
performing solution plan. Although male and female students may exhibit different cognitive
potential, through the learning activities, they tend to show similar performance in domain-
specific problem-solving.

The result of study also implies that there is a need to improve students’ problem-solving
abilities, especially in the science area. Improvement can be suggested in the area of assessment
and intervention, which incorporate problem-solving activities such as problem identification
and solution-making during learning activities. It is also important to consider potential factors
that have influence domain-specific problem-solving, such as affective and other cognitive
variables. Furthermore, the result of this present study should be considered in light of
limitations, where the proportion of the sample could be profound for gender equity. A further
consideration is raised due to the use of science topics in the assessment of domain-specific
problem-solving. The use of another specific topic for the assessment could potentially show
yet a similar or different pattern in students’ problem-solving performance. Thus, further study
of domain-specific problem-solving within different contexts is encouraged. The present study
exposes students’ ability in domain-specific problem-solving in Indonesia.

We use a science problem-solving test to assess student domain-specific problem-solving
that shows valid measurements with good psychometric properties. The assessment results in
slightly below the average of the science problem-solving performance. We also found no
significant difference between male and female students in domain-specific problem-solving,
thus rejecting the hypothesis. The result raises a potential factor, such as similar experiences
during science learning, which makes their ability levels much the same. However, this result
should be considered with some limitation regarding the equality of gender size, the evaluation
topic where the problem situation is about, and the specific context. Thus, further studies in
domain-specific problem-solving assessment and intervention are encouraged with the
involvement of various contexts and domains. Further recommendations also arise due to the
participation of several variables that have potential to influence domain-specific problem-

solving, including cognitive or affective factors.
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5.3 The assessment of inductive reasoning

This part of study aims to measure students’ inductive reasoning ability. To ensure the
validity of the assessment, we used confirmatory factor analysis and the Rasch model to verify
psychometric properties of the test. Furthermore, we profiled the students’ test score using a
standardised logit value and compared the males’ and females’ score to obtain the complete
distribution of the inductive reasoning ability. The third hypothesis (H3) was tested in this
subchapter, predicting that there is a significant difference between gender in inductive
reasoning performance (Blum et al., 2016), when males performed better mostly in figural and

numerical tasks (Waschl & Burns, 2020)

5.3.1 The validation of inductive reasoning test

To ensure the validity of the inductive reasoning test, we performed a factor analysis and
Rasch model to check the properties of the test. The reliability result of the test is good
(Cronbach’s o = .895 and McDonald’s ® = .894) confirming the internal consistency of the test.
The CFA with four factorial models also showed an acceptable fit value (y*/df = 4.18, CFI = .95,
TLI=.95, RMSEA = .05, and SRMR =.07) with a factor loading standardised between 0.53
and 0.98, except items 14 and 24 that showed a low loading value (< 0.40). Further analysis
with the Rasch model was added to check the quality of individual items. We performed
unidimensional and multidimensional analysis for the test’s validity and found that the test
items showed a good fit for unidimensional (infit MNSQ = 0.83—1.30) and four-dimensional
model (infit MNSQ = 0.85-1.26) (see Table 15). The fit of item is also indicated by the positive
value in point-biserial correlation (PTMA). More information on the distribution of the items
is presented in the Wright map (Figure 26). It showed that item NAS acted as the most difficult

item (logit value = 2.33) while item NS2 was the easiest item among all (logit value = -1.64).
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Table 15. The item fit of the inductive reasoning test

Total Unidimension 4-dimension
Variable Item score Measure SE Infit Measure SE Infit PTMA
MNSQ MNSQ
Figure FS1 946 -0.86 0.08 1.05 -1.34 0.06 1.02 0.43
series (FS) FS2 812 -0.16 0.07 1.00 -0.58 0.05 0.92 0.49
FS3 518 1.16 0.07 1.03 0.88 0.05 0.99 0.48
FS4 723 0.25 0.07 0.95 -0.12 0.05 0.97 0.53
FS5 453 1.45 0.07 1.11 1.21 0.05 1.15 0.40
FS6 437 1.53 0.07 1.13 1.29 0.05 1.13 0.40
FS7 731 0.21 0.07 0.90 -0.16 0.05 0.88 0.56
FS8 920 -0.71 0.07 0.91 -1.18 0.14 0.85 0.53
Figure FA1l 961 -0.94 0.08 0.92 -0.98 0.05 0.92 0.50
analogy FA2 910 -0.66 0.07 1.00 -0.69 0.05 0.96 0.46
(FA) FA3 760 0.08 0.07 1.09 0.04 0.05 1.00 0.44
FA4 799 -0.10 0.07 1.07 -0.14 0.05 0.99 0.45
FAS5S 678 0.45 0.07 1.09 0.40 0.05 1.03 0.45
FA6 588 0.85 0.07 1.24 0.80 0.05 1.18 0.34
FA7 712 0.30 0.07 1.05 0.25 0.05 0.96 0.47
FAR 696 0.37 0.07 0.86 0.33 0.13 0.87 0.59
Number NAl 788 -0.05 0.07 0.96 -0.77 0.05 1.02 0.50
analogy NA2 909 -0.65 0.07 0.87 -1.38 0.05 0.92 0.54
(NA) NA3 551 1.01 0.07 1.14 0.31 0.05 0.99 0.41
NA4 712 0.30 0.07 1.06 -0.41 0.05 0.93 0.47
NAS 657 0.54 0.07 1.05 -0.16 0.05 0.92 0.47
NA6 574 0.91 0.07 0.97 0.21 0.05 0.95 0.52
NA7 500 1.24 0.07 0.96 0.55 0.05 0.93 0.52
NAS 284 2.33 0.08 1.30 1.66 0.14 1.26 0.22
Number NS1 1059 -1.61 0.09 0.84 -0.71 0.07 0.98 0.49
series (NS) NS2 1063 -1.64 0.09 0.83 -0.75 0.07 1.00 0.50
NS3 945 -0.85 0.08 0.88 0.36 0.07 1.00 0.53
NS4 1005 -1.22 0.08 0.96 -0.16 0.07 1.13 0.46
NS5 923 -0.73 0.07 0.91 0.54 0.07 1.02 0.52
NS6 937 -0.81 0.08 0.84 0.43 0.07 0.94 0.55
NS7 937 -0.81 0.08 0.83 0.42 0.07 0.92 0.56
NS8 1000 -1.19 0.08 0.88 -0.12 0.18 1.01 0.51

As regards item bias, the majority of inductive reasoning items do not show significant results

for DIF (p > .05), except for some items (FS1, FS4, FS6, FS7, FA2, NA4, and NAS). For these

items, we calculate the effect size to estimate whether the influence of gender is accounted as

negligible or not.
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Figure 26. The Wright map of the inductive reasoning test; (a) unidimensional (each X
represents 1.9 cases); (b) multidimensional (each X represents 14.2 cases)

All items showed a low DIF size (< 0.64) indicating that the DIF is negligible for all test

items (Figure 27). Indeed, we confirm that no potential bias is detected in the IR test.
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Figure 27. The DIF result for the inductive reasoning test (1 = male; 2 = female)
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5.3.2 The ability level of student’s inductive reasoning ability

The profile of the inductive reasoning ability of the students is seen in Figure 28. The mean
average score of the students is 0.69 logit (SD = 1.41). In each category, students obtained a
mean logit higher than 0 for figure series (Mrs = 0.36; SD = 1.99), figure analogy (Mra = 0.69;
SD = 1.66), and number series (Mns = 1.89; SD = 1.87), while number analogy has a mean logit
slightly lower than 0 (Mna =-0.01; SD = 1.76). The distribution of the student score in the IR
has a skewness value -0.06 and a kurtosis value of 0.56 which follow the criteria of normal
distribution within the range of + 1.96 (Field, 2013). Therefore, the students’ inductive

reasoning ability in this study is normally distributed.

logit_value
(=)
]
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Figure 28. The distribution of students’ logit scores in inductive reasoning (FA = figure
analogy, FS = figure series, NA = number analogy, NS = number series)

5.3.3 The gender difference in inductive reasoning ability

We measure and compare the ability of male and female students in inductive reasoning. The
distribution of students’ inductive reasoning ability based on their gender is presented in Figure
29. The t-test comparison analysis results no significant difference between male and female
students in inductive reasoning (Mmate = 0.78, SDmate = 1.54; Mfemate = 0.65, SDfemate = 1.33;
t=1.52, p>.01) (Table 16). In each category of tests, we found no differences between male
and female students in the FS, FA, and NS (1.36 <7 1.52, p > .01). Therefore, we found a
significant difference between male and female students’ ability in NA (¢ =3.13, p <.01), when
male  (Mmale = 0.20, SDmae =1.83) has higher score than female (Mfemale=-0.13,
SDfemale = 1.76).
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Figure 29. The distribution of students’ inductive reasoning ability (FA = figure analogy, FS =
figure series, NA = number analogy, NS = number series) by gender (1 = male; 2 = female)

Table 16. The gender comparison of students’ inductive reasoning ability

Category Male (n =457) Female (n = 786) t-test Cohens’ d
Micore Miogit SD Micore Miogit SD (df = 1241)

FS 0.55 0.32 2.19 0.61 0.38 1.86 t=-0.57,p=.571 -0.03

FA 0.63 0.77 1.73 0.61 0.64 1.62 t=1.36,p=.174 0.04

NA 0.53 0.20 1.83 0.48 -0.13 1.76  t=3.13, p=.002%* 0.17

NS 0.78 1.79 1.95 0.80 1.95 1.82 t=-1.45p=.147 -0.07

Total 0.62 0.78 1.54 0.61 0.65 133  t=1.52,p=.129 0.04

Note: FA = figure analogy, FS = figure series, NA = number analogy, NS = number series ** significant at

p<.01

5.3.4 Discussion

This study presented the valid results of the inductive reasoning test for the high school level
in the Indonesian sample. As in line with previous reports, the inductive reasoning test with
figural and numerical tasks also showed good properties of validity and reliability in many
studies (Molnar, 2011; Soeharto & Csap6, 2022; van de Vijver, 2002; Van Vo & Csapo, 2020;
Wicaksono & Korom, 2022a). This means that the test can be used for a wider audience in
different samples and contexts. Moreover, the use of figural and numerical tasks in the format
of analogy and series completion was able to represent a reliable inductive reasoning

measurement.
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In comparison between inductive reasoning subtests, the students got the highest score in
number series followed by figure analogy, figure series, and number analogy. The figural tasks
comprise a collection of objects like circular and rectangular shapes that require students to
recognise their pattern and size differences to find the relationship. Meanwhile, numerical tasks
require mathematical recognition and computation to reveal relationship patterns (Liang et al.,
2014). In this result, the students’ tendency to perform better in a specific inductive reasoning
task is unclear because both figural and numerical lean to the various patterns. However, while
some studies have favoured figural tasks more than numerical tasks (Soeharto & Csapd, 2022;
Van Vo & Csapd, 2020), this study captures another critical view in the format of the test, which
includes series and analogy tasks. The students’ performance is more varied when they solve
series tasks rather than analogy tasks, which is confirmed by its higher standard deviation.
Series tasks are aimed at ordering the attributes based on their complexity and patterns, while
analogy represents information and objects information from previous experience into the new
situation for making a judgement (Holyoak, 2012; Sternberg & Kalmar, 2004). In terms of
analogy, students tend to show similar performance as a result of their previous learning
experiences, whereas for series tasks, many students showed high performance, while some
exhibited average and low performance. This may be related to students’ individual cognitive
development. Since both tasks require different cognitive processes, further information on
students’ cognitive ability is important to discover their dynamic in inductive reasoning
performance.

As regards gender differences, there is no significant difference between male and female
students in inductive reasoning, thus rejecting the hypothesis (H3). This result is supported by
previous studies that have also reported nonsignificant results in gender comparison in inductive
reasoning tasks (Diaz-Morales & Escribano, 2013; Kambeyo, 2018; Molnar, 2011; Van Vo &
Csapd, 2021). Although in number analogy tasks, male students have a higher mean score
compared to female students, their overall ability is at a similar level. Therefore, we found small
effects favouring males toward females, and that the consistent measure of gender differences
should be considered with variability in its magnitude and direction (Waschl & Burns, 2020).

This study provides the results of the inductive reasoning assessment in the Indonesian
sample, suggesting that there are no gender differences in student performance. Although males
showed a higher score in the number analogy task, the magnitude of gender size should account
for further identification of inductive reasoning. The inductive reasoning tasks, involving both
figural and numerical objects in analogy and series problem format, have been proven to be

valid for the assessment process. However, some limitations should be considered due to the
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availability of other tasks (verbal, matrices, scheme) which also play a significant role in
describing students’ inductive reasoning ability. Another concern is found in the distribution of
tasks regarding their difficulty levels. As seen in Wright map, the number series tasks have a
lower position compared to students’ level distribution. Thus, it is recommended to add more
difficult number series tasks in the item pool for better distribution of task difficulty.

The result of this study confirmed the validity of the measurement of inductive reasoning
with figure series, figure analogy, number analogy, and number series tasks. These results
indicated that the instrument can be used for further evaluation of inductive reasoning in a
particular context. In Indonesia, most high school students performed better in inductive
reasoning with an average score level above 0 logit. Among the tasks, students have higher
diversity in series completion tasks rather than analogy tasks which is shown by its high
standard deviation. The comparison analysis concerning gender showed no significant
differences between male and female students, thus rejecting the hypothesis. However, a small
effect still favours males, especially in number analogy tasks. Further research and investigation
of inductive reasoning measurement is recommended with the involvement of other types of
tasks such as verbal, matrices, and schemes. Additionally, for tasks in number series, additional
items may be required to cover the distribution of difficult items. Thus, the identification of
some influential factors may be necessary for further studies in inductive reasoning within the

scope assessment or learning intervention.

5.4 The assessment of scientific competency

This part of the study aimed to investigate the scientific competency of Indonesian students.
Firstly, the measurement test for scientific competency was designed based on the PISA science
framework consisting of two main categories, explaining scientific phenomena and interpreting
and evaluating scientific data or evidence. The Indonesian version consist of 15 items.
Psychometric analysis was performed to validate the test. Furthermore, the distribution of the
students’ scientific competency was analysed based on standardised estimation and gender
differences. The fourth hypothesis (H4) was tested in this subchapter, predicting that there is a
significant gender difference in scientific competency, when females outperform males (OECD,

2004; Reilly, 2012).
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5.4.1 The validation of scientific competency test

The scientific competency test showed acceptable reliability (a=.775 and o =.781)
confirming the internal consistency of the test between the participants. The construct validity
analysis with the CFA results in a good fit of the model for the 2-factor scientific competency
test (x*/df = 1.99, CFI = .96, TLI = .96, RMSEA = .04, and SRMR = .05). The factor loading
of each item is higher than 0.40 except for items SCO8 (0.18), SC09 (0.24), and SC15 (0.33). A
further analysis with the Rasch model was performed to support the fit of the individual item

(Table 17).

Table 17. The item fit analysis results for scientific competency

. Total Unidimension 2-dimension

Variable Ttem score  Measure SE l\/igfétQ Measure SE I\/Eilf;tQ PTMA
Exploring and SCO1 598 -0.06 0.07 1.08 0.15 0.05 1.02 0.45
understanding SCO02 598 -0.06 0.07 0.93 0.15 0.05 0.93 0.55
phenomena SC04 804 -0.97 0.07 0.82 -0.69 0.05 0.87 0.60
(SCE) SC07 802 -0.96 0.07 0.94 -0.68 0.05 0.95 0.52
SC09 465 0.53 0.07 1.28 0.69 0.05 1.19 0.31

SCl11 592 -0.03 0.07 0.88 0.17 0.05 0.89 0.58

SC12 789 -0.90 0.07 0.98 -0.62 0.05 0.95 0.50

SCI15 431 0.69 0.07 1.16 0.83 0.12 1.09 0.36

Interpreting SCo03 655 -0.31 0.07 0.90 -0.53 0.05 0.92 0.57
and evaluating SCO05 556 0.12 0.07 1.00 -0.12 0.05 1.02 0.50
scientific data SCO06 740 -0.68 0.07 0.92 -0.89 0.05 0.95 0.55
(SCD SC08 143 2.47 0.10 1.16 2.11 0.05 1.14 0.21
SC10 718 -0.58 0.07 0.87 -0.79 0.05 0.91 0.58

SC13 414 0.77 0.07 1.00 0.49 0.05 1.03 0.48

SC14 588 -0.03 0.07 1.07 -0.26 0.11 1.05 0.45

We perform unidimensional and multidimensional models to obtain comprehensive
information about the fit of the item and support the result of CFA analysis. According to the
unidimensional model, all items showed good fit indices (infit MNSQ = 0.82—1.28). In the 2-
dimensional model, all elements also showed good fit indices in SCE (infit
MNSQ =0.87 — 1.19) or SCI (infit MNSQ = 0.91 — 1.14) with a positive value of the point
biserial correlation (PTMA). A further distribution of the difficulty of the items was presented
in the Wright map (Figure 30). The hardest item in the scientific competency test is SCO8 (2.47
logit) while the easiest item is SC04 (-0.96 logit).
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Figure 30. The Wright map of the scientific competency test items (a = unidimension, X
represents 1.9 cases; b = multidimension, X represents 3.6 cases)

A further analysis of item bias was done with different item functioning (DIF). Bias was
neglected if the DIF analysis showed a nonsignificant value or showed a high effect size > 0.64.
Therefore, all items of the scientific competency test showed a nonsignificant result (p > .05)
with DIF size less than 0.64 (Figure 31), confirming that all items of the test have no bias

towards the gender group.
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Figure 31. The DIF result of the scientific competency test (1 = male; 2 = female)

5.4.2 The ability level of students’ scientific competency

The student's ability to demonstrate scientific competency is shown in Figure 32. We used a
standardised logit value from Rasch analysis to describe the level of students’ ability. In the
overall performance of scientific competency, Indonesian students reached a logit score close
to 0 logit (M =-0.16; SD = 1.34), meaning that the ability is at an average level. In the SCE
category, the students' score is slightly above 0 logit (Msce = 0.05; SD = 1.48), while the SCI
category has a lower logit score (Msci =-0.43; SD = 1.64). The distribution of the students'
score on the scientific competency test has a skewness value of 0.05 and a kurtosis value as -0.06
which follow the criteria of the normal distribution within the range of £1.96 (Field, 2013).

Thus, the samples in this study are normally distributed.
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Figure 32. The distribution of students logit score in scientific competency (SCE = exploring
and understanding; SCI = interpreting and evaluating)

5.4.3 The gender difference in scientific competency

We describe the scientific competency of the students between the male and female samples
(see Figure 33), which results in a nonsignificant difference between the two groups (Table 18).
In the overall SC test, male students received a mean logit of -0.21 (SD = 1.46) and -0.13
(SD =1.26) for female students with no difference (t =-0.46, p > .05). Furthermore, in each
test category, we also did not find any significant differences between male and female students

for SCE (t=-1.14, p > .05) and SCI (t = -1.04, p > .05).
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Figure 33. The distribution of students’ scientific competency (SCE = exploring and
understanding; SCI = interpreting and evaluating) by gender (1 = male; 2 = female)
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Table 18. The gender comparison of students’ scientific competency

Male (n =457) Female (n = 786) t-test
Category Cohens’ d
Micore Mlogit SD Micore Mlogit SD (df: 1241)
SCE 0.50 -0.01 1.57 0.51 0.09 1.42 t=-1.14, p = .257 -0.04
SCI 0.43 -0.46 1.74 0.44 -0.41 1.57 t=-1.04, p =.300 -0.04
Total 0.47 -0.21 1.46 0.48 -0.13 1.26 t=-0.46, p = .644 -0.04

Note: SCE = exploring and undeerstanding; SCI = interpreting and evaluating

5.4.4 Discussion

The findings demonstrated that the psychometric analysis of the scientific competency test
has good validity and internal consistency, which means that the test correctly measures the
scientific competency of the students. The item test has a good distribution (see Figure 4.14)
based on its difficulty level for both SCE and SCI categories. Since the test has been developed
in response to the Indonesian content curriculum, it can be used for a further assessment in the
Indonesian context, as well as for a global assessment in terms of its framework and content
similarity. Furthermore, the scientific competency test with a focus on explaining scientific
phenomena and interpreting and evaluating scientific data or evidence has been used in other
studies and has been proven to yield a good validity result (Bybee et al., 2009; Lin et al., 2012;
Tsai, 2015).

For the distribution of the students’ performance in scientific competency, they achieved
average level indicated by the position of logit value close to 0. From this result, it can be said
that the students have a 50% chance of solving or failing the test. In each category of scientific
competence, exploring and understanding phenomena (SCE) showed a higher value slightly
above 0 logit compared to interpreting and evaluating scientific data (SCI) with a mean average
below 0 logit. This result indicated that the majority of students are able to explore and
understand scientific phenomena, but have more difficulties when they have to make
interpretation or evaluation based on the given data or facts. The ability to explore and
understand phenomena is categorised as low cognitive level. It involves information recalling
and technical representation that include interpretation and extrapolation of knowledge or
information (Anderson & Krathwohl, 2001; Koksal & Ulum, 2018). On the contrary, evaluation
and interpretation require high cognitive demands because they require a judgement based on
the criteria developed by the students themselves from the source information or knowledge

they have acquired. When students make an evaluation, they pre-established criteria and made
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distinction between conceptual and practises and draw a conclusion from their opinion
(Granello, 2001).

In relation to gender differences, there is no significant difference between male and female
students in scientific competency, as well as in each category, rejecting the hypothesis (H4).
Although several studies on gender differences favor males towards females (Nwosu & Ibe,
2014; Reilly et al., 2019) on the contrary, other study has found that females performed better
than male in some science performance (Japelj Pavesi¢, 2008; Shahzadi & Nasreen, 2020).
Furthermore, the non-significant difference between gender in science performance also
reported by PISA in many countries that participated in the science survey (OECD, 2004).
Furthermore, gender stereotypes related to cognitive performance have been proven, with males
being better in spatial and computational abilities, as well as specific tasks requiring analytical
and high cognitive processes, while female tend to perform better in verbal related tasks,
memorisation, and rote learning (Hyde, 2016). Correspond to the result of this study, Reilly et
al. (2019) also found that male students have higher variability in science performance, as
indicated by the high standard deviation compared to female students, indeed their difference
is not significantly high. Thus, the gender differences in connection to scientific competency
vary based on context and the level of gender equity influences (Cheng et al., 2021). The other
possible explanation also areises from the culture and learning environment that has been shown
to influence students’ performance in science (Fang & Wei, 2010; Luu & Freeman, 2011; Sung
& Hwang, 2013).

The result of this study provides valuable information on the students’ performance in
scientific competency which categorises the students’ ability at an average level. Indeed, this
study suggest further improvement of educational practices for scientific competency in
Indonesia. Like any study, there are some limitations in the measurement, mainly because the
context of the test was mostly related to biology and natural science. Thus, the use of a broader
context addressing other science-related topics is also relevant to assess students’ scientific
competency. This study specifically addressed secondary school students, which is consistent
with the criteria for global assessment and compulsory education in Indonesia. Indeed, the
participation of different age groups is recommended for further studies to get a complete
picture of students’ scientific competency profile. Furthermore, is recommended to identify
other factors that potentially influence scientific competency for further study, as well as the
exploration in the area of learning and instruction to promote scientific competency.

The use of the scientific competency test with two main categories (explaining scientific

phenomena and interpreting and evaluating scientific data or evidence) shows an acceptable
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result for validity and reliability analysis. The assessment result confirmed that Indonesian
students achieved moderate level of scientific competency. No gender differences were found,
indicating that males performed similarly to females, thus rejecting the hypothesis. However,
this result must be interpreted in light of some limitations regarding the context of measurement
and sample equity. Further improvement in terms of assessment is recommended by addressing
other topic in science for the test’s construction. It is also suggested to conduct research in the
area of learning and instruction to promote student scientific competency as well as the
exploration of cognitive and affective factors that potentially influence students’ scientific

competency.

5.5 The assessment of attitudes towards science

In this part of study, we focused on attitude towards science as one of the affective factors
associated with problem solving. We evaluated the student's attitude towards science with the
attitude towards science questionnaire (ATSQ). The construction of ATSQ was done through
adaptation and reconstruction of the existing questionnaire (three-dimensional framework) to
determine the learning context in Indonesia. Thus, the validity analysis of the ATSQ was
performed followed by the analysis of the attitude profile of the students and the differences
between the gender groups. The fifth hypothesis (HS5) was tested in this subchapter, predicting
that there is a significant difference between gender in attitude towards science, when females

outperform males (Aini et al., 2019; Liu et al., 2010; Mihladiz et al., 2011).

5.5.1 The validation of attitude towards science questionnaire

To ensure the validity of ATSQ, we check the internal consistency of the questionnaire,
resulting in an acceptable reliability coefficient (Cronbach’s o =.834 and McDonald’s
o = .827). For the validity of the construct, we run CFA, resulting in an acceptable fit of the
model for the four factors of ATSQ (y*/df =7.46, CF1=.94, TLI= .94, RMSEA = .07, and
SRMR =.05) with factor loading for each item greater than 0.40. Further analysis was
performed to confirm the quality of the item with the Rash model (Table 19). We checked the
fit indices of each item in the unidimensional and multidimensional models (4 factors). The
ATSQ infit MNSQ showed an acceptable range (0.61-0.49) in the unidimensional model,
except for item A04 which has an infit MNSQ slightly above the range (1.51). In the 4-
dimensional model, most items also have a good fit MNSQ (0.65—1.46), except items A08 (1.51)
and A25 (1.62), which have a value slightly above the threshold. All items have a positive point
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biserial (PTMA) correlation. Thus, we consider those items to remain in the questionnaire since

the value does not exceed too far from the threshold (Bond & Fox, 2013).

Table 19. The item fit analysis results for the ATSQ

Unidimension 4-dimension
Variable  Item ™ Measur Infit ~ Measur o Infit — pTMA
score . SE MNSQ c MNSQ
Enjoyment A01 4168 -0.31 0.04 0.69 -0.38 0.03 0.82 0.63
(ENJ) A03 3487 0.53 0.03 0.69 0.85 0.03 0.84 0.55
A05 4105 -0.23 0.04 0.79 -0.26 0.03 1.05 0.51
A09 3371 0.67 0.03 0.76 1.05 0.03 0.98 0.56
Al2 4008 -0.11 0.04 0.75 -0.08 0.03 0.82 0.63
A20 4217 -0.37 0.04 0.63 -0.47 0.03 0.65 0.64
A21 4227 -0.38 0.04 0.61 -0.48 0.03 0.68 0.64
A26 4084 -0.20 0.04 0.64 -0.22 0.08 0.68 0.61
Anxiety and A04 3254 0.80 0.03 1.51 0.07 0.03 1.16 0.03
difficulty A06 3430 0.59 0.03 1.40 -0.24 0.03 1.32 0.16
(ANX) Al3 3783 0.17 0.04 1.36 -0.87 0.03 1.08 0.01
Al6 3023 1.08 0.03 1.42 0.47 0.03 0.95 0.08
Al7 3120 0.96 0.03 1.52 0.30 0.03 0.89 0.02
Al8 3169 0.91 0.03 1.51 0.22 0.03 0.96 0.02
A23 3259 0.80 0.03 1.49 0.06 0.07 0.98 0.02
Participation A07 3447 0.57 0.03 1.18 0.87 0.03 1.46 0.59
in science A08 3768 0.18 0.04 1.16 0.30 0.03 1.51 0.57
learning and Al4 4200 -0.35 0.04 0.92 -0.48 0.03 1.15 0.59
activities Al5 3772 0.18 0.04 0.81 0.30 0.03 1.02 0.60
(PAR) A22 3777 0.17 0.04 0.60 0.29 0.03 0.72 0.63
A24 3942 -0.03 0.04 0.68 -0.01 0.03 0.92 0.57
A25 3825 0.11 0.04 1.19 0.20 0.03 1.62 0.51
A27 4744 -1.03 0.04 0.89 -1.48 0.08 1.22 0.51
Value of A02 4631 -0.89 0.04 0.87 0.43 0.03 1.08 0.53
science A10 5101 -1.50 0.04 0.93 -0.48 0.03 0.93 0.47
(SVAL) All 4842 -1.16 0.04 0.99 0.03 0.03 1.08 0.43
A19 4850 -1.17 0.04 0.88 0.02 0.05 0.96 0.42

Additionally, we distributed the level of items by their logit measures (see Figure 34). Based
on the Wright map, item A16 is classified as the most difficult item among ATSQ items with a
1.08 logit measure, while the easiest item is A10 (-1.50 logit). Further analysis was performed
with different item functioning (DIF) to detect the item bias based on the gender group. DIF
analysis showed that some elements of the ATSQ have a significant result that potentially
showed bias towards gender (item A02, A04, A07, A0S, A13, Al14, Al16, Al17, A18, A21, A23,
A27). Thus, we checked the DIF size of these significant items to ensure that their bias is

negligible. Figure 35 shows the DIF size of the significant items that showed low size (< 0.64),
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meaning that DIF is negligible for these items. These results confirm that all items in the ATSQ

are independent of gender bias.
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Figure 34. The Wright map of the ATSQ items (a = unidimension, X represents 2.0 cases; b =
multidimension, X represents 10.8 cases)
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Figure 35. The DIF results for ATSQ (1 = male; 2 = female)

5.5.2 The profile of students’ attitude towards science

We describe the students’ attitudes towards science, which is illustrated in Figure 36. The
overall students’ attitude towards science is 0.21 logit (SD = 0.65) slightly above the average 0
logit. The highest score for attitude towards science was found in the SVAL variable (M = 2.36;
SD = 2.05) implicating that students tend to give positive responses about the value of science
in life and society. For the ENJ variable, the students’ response is close to 0 logit (M = 0.49;
SD = 2.15) as well as the PAR variable (M =0.31; SD = 1.39). On the other hand, the ANX
variable got the lowest score below logit 0 (M =-0.75; SD = 1.61) indicating the low level of
anxiety and difficulty in science. The distribution of students' scores in attitudes towards science
has a skewness value around 1.88 and a kurtosis value of 16.01 which does not follow the
criteria of normal distribution. However, in each ATSQ category, the students’ responses

followed a normal distribution (skewness = -0.06—0.40; kurtosis = -0.41-2.18).
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Figure 36. The distribution of students’ logit scores in attitude towards science (ANX =
anxiety and difficulty; ENJ = enjoyment; SVAL = value of science; PAR = participation in
science activities)

5.5.3 The gender difference in attitude towards science

We compared the attitude towards science between male and female students (see Figure 37).
The detailed result of the comparison analysis is presented in Table 4.20, which results in no
significant difference in attitude towards science between genders (Mmale = -0.19, SDmale = 0.76;
Mfemate = 0.21, SDfemale = 0.58; t =-0.66, p > .05). However, in each ATSQ variable, we found
a significant difference between gender in ENJ with female scored higher than male
(Mmate = 0.33, SDmate =2.29; Mfemate = 0.59, SDfemate =2.06; t=-2.05, p <.05). Female
students also scored higher in PAR (Mmate = 0.16, SDmale = 1.46; Mfemale = 0.40, SDfemate = 1.35;
t=-2.87, p <.05) and SVAL (Mmale = 2.19, SDmate = 2.16; Mfemale = 2.46, SDfemale = 2.00; t = -
2.24, p <.05) compared to male students. On the contrary, for the ANX variable, male students
have a higher score compared to female students (Mmate = -0.49, SDmale = 1.61; Mfemate = 2.46,
SDfemale =-0.91; t=4.52, p <.05), indicating that males are more anxious and face more

difficulties than female in science.
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Figure 37. The distribution of students’ attitude towards science (ANX = anxiety and
difficulty; ENJ = enjoyment; SVAL = value of science; PAR = participation in sicence
activities) by gender (1 = male; 2 = female)

Table 20. The gender comparison of students’ attitude towards science

Male (n =457) Female (n = 786) t-test Cohens’
Category
Micore Mlogit SD Micore Mlogit SD (df: 1241) d
ENJ 3.13 0.33 2.29 3.21 0.59 2.06 t=-2.05, p=.040% -0.12
ANX 2.84 -0.49 1.61 2.71 -0.91 1.58 t=4.52,p=.001%* 0.24
PAR 3.09 0.16 1.46 3.21 0.40 1.35 t=-2.87, p=.004%* -0.19
SVAL 3.85 2.19 2.16 3.94 2.46 2.00 t=-2.24,p=.025% -0.14
Total 3.23 0.19 0.76 3.27 0.21 0.58 t=-0.66,p=.512 -0.10

Note: ANX = anxiety and difficulty; ENJ = enjoyment; SVAL = value of science; PAR = participation in sicence
activities. ** significant at p <.001, * p < .05

5.5.4 Discussion

The construct validity with CFA showed an acceptable model fit, indicating that the
instrument has a good theoretical foundation with four latent variables. Rasch analysis is also
considered one of the most powerful measurements to evaluate assessment tools with some
functions in item positioning (Boone, 2016). It can determine the quality of the measurement
by calculating the fit measure based on the level of the item and the responses of the person.
The Indonesian version of ATSQ showed a prominent fit value for each item and acceptable
reliability from the analysis of the Rasch model, indicating that the questionnaire measured the

trait correctly and consistently. This result is also supported by some studies that confirm that
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ATSQ with three-dimensional variables is reliable for attitude measurements (Wicaksono &
Korom, 2023a, 2021). Furthermore, the DIF analysis showed that the measurement is not biased
toward gender. Therefore, the ATSQ has overall good psychometric properties, which confirms
that the questionnaire is reliable and valid to assess students’ attitudes toward science.

This study confirms a moderate level of students’ attitude towards science, as indicated by a
mean score close to 0 logit. The higher attitude was found in the value of science category,
confirming that students have strong beliefs about the relevance of science in daily life. This
result also indicates that students understand the importance of science in society, which can be
a potential factor in supporting their science-related studies. In the other categories, most of the
students respond positively to enjoyment and participation in science learning and activities. A
supportive environment such as a classroom and other learning activities is believed to be able
to influence people’s attitudes (Almasri et al., 2021; Krogh; & Thomsen, 2005). Furthermore,
several studies also reported that the level of enjoyment in learning is connected to learning
strategy and interactive activities (Chao et al., 2015; Ralph et al., 2022; Vandecandelaere et al.,
2012). Indeed, if the students have a willingness to participate in science learning and activities,
they tend to show enjoyment and a positive attitude towards science. Meanwhile, the anxiety
and difficulty categories have the lowest score among all attitude variables, suggesting that
students experience fewer negative feelings towards science and less difficulty with science in
their current state. Anxiety and difficulty represent negative emotions that counterbalance other
variables of attitude, especially enjoyment. Indeed, some studies also support that anxiety has
a negative correlation with enjoyment, which makes students who have higher enjoyment tend
to show less anxiety (Raccanello et al., 2019; Wicaksono & Korom, 2023a).

Regarding the gender comparison, there are no significant differences in the general attitude
towards science, thus rejecting the hypothesis (H5). However, when it comes to enjoyment,
participation in science learning and activities, and the value of science variables, female
students showed a better score than male students. In the anxiety category, male students have
a higher score compared to female students, indicating that female students tend to show a more
positive attitude compared to male students (Khishfe & BouJaoude, 2016; Mihladiz et al., 2011).
In Indonesian and Chinese contexts, female students also showed a more positive attitude
towards science than male students (Aini et al., 2019; Liu et al., 2010). The other studies showed
a different result that favours males (Hacieminoglu, 2016; Oon et al., 2020; Smith et al., 2014),
claiming that male students tend to show better science performance, strengthening the
stereotype that science is male-dominant. Meanwhile, the difference in societal expectations

and the prominent learning environment gradually weaken science-gender stereotypes,
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allowing male and female students to show a higher attitude equally. Several factors, such as
cultural influence and social stereotypes, contribute further to our understanding of attitudes
toward science.

The findings of this study confirm that there are no differences between male and female
students in attitudes towards science, and both groups showed a moderate attitude. In the case
of some attitude categories, female students showed a higher positive attitude than male
students. However, these findings are explained with some limitations specific to secondary
school in the Indonesian context. Moreover, the assessment of attitudes towards science with
ATSQ focuses on the three-dimensional framework, explained by four categories. The
additional latent variable in each dimension is suggested to obtain a more comprehensive
interpretation of attitudes towards science. The study in the assessment of attitude is
recommended with a different context of studies. In addition, further investigation of other
factors that potentially influence the attitude towards science is suggested.

The present study used the ATSQ with good validity and reliable results to assess attitudes
toward science in Indonesia. The result showed that the students have positive attitudes towards
science indicated by the logit value above 0. There are no differences between male and female
in their overall attitudes toward science, thus rejecting the hypothesis. However, in some
categories (ENJ, PAR, and SVAL), female students have higher scores than male students;
conversely, in the ANX category, male students have higher scores than female, indicating a
more positive attitude among female students. Indeed, these results should be interpreted in
light of limitations related to the context of the study. Therefore, more studies are suggested to
conduct similar research in different contexts. In addition, a study of factors that can influence

attitudes toward science is also recommended.

5.6 The assessment of science motivation

This part of study aimed to measure students’ science motivation in Indonesia. We used SMQ
IT for science motivation measurement with adaptation to the Indonesian language. Prior to the
assessment process, a psychometric analysis was performed to verify the validity and reliability
of the questionnaire, continuing with the analysis of students’ profile in science motivation. The
sixth hypothesis (H6) was tested in this subchapter, predicting that there is a significant
difference between gender in science motivation, when females outperforming males

(Oppermann et al., 2021; Schiirmann & Quaiser-Pohl, 2022).
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5.6.1 The validation of Science Motivation Questionnaire

The Science Motivation Questionnaire (SMQ II) showed high reliability (Cronbach’s
o =.949 and McDonald’s ® = .949) that confirmed the internal consistency of the questionnaire.
For the construct validity analysis with CFA. The result indicated that the 5-factor model is
acceptable by the good fit indices (¥*/df=10.23, CFI = .94, TLI= .94, RMSEA = .08, and
SRMR = .04). The factor loading for each factor ranges between 0.63—0.88 meaning that the
item distribution is fit to the position of each factor. Further analysis was done to ensure the
quality of each item with the Rasch model analysis (Table 21). The analysis results in an
acceptable fit value for both the unidimensional model (infit MNSQ =0.73-1.61) and
multidimension model (infit MNSQ = 0.82—1.66) model. Therefore, one item (SM02) has an
out limit infit MNSQ value. However, we consider this item to remain in the questionnaire if
the value does not exceed 1.7 (Bond & Fox, 2013). The point measure correlation (PTMA) also

indicated a positive value that supports the fitting of each item in the construct.

Table 21. The item fit analysis results for the SMQ II

Unidimension Multidimension
Total
Variable Item Infit Infit  pTMA
Measure  SE
score Measure SE MNSQ MNSQ
Intrinsic SMO1 4196 0.46 0.04 1.09 0.18 0.04 1.23 0.58
motivation SMO03 4192 0.47 0.04 0.89 0.19 0.04 0.99 0.67
(IM) SM12 4112 0.62 0.04 0.93 0.39 0.04 1.10 0.67
SM17 4662 -0.46 0.04 1.30 -0.93 0.04 1.45 0.57
SM19 4205 0.44 0.04 0.87 0.16 0.07 0.94 0.68
Career SMO7 4544 -0.23 0.04 1.02 -0.34 0.04 0.99 0.67
motivation SM10 4523 -0.19 0.04 0.90 -0.29 0.04 0.83 0.70
(CM) SM13 4479 -0.10 0.04 0.98 -0.18 0.04 091 0.70
SM23 4238 0.38 0.04 1.25 0.40 0.04 1.23 0.66
SM25 4233 0.39 0.04 091 0.41 0.07 1.06 0.69
Self- SMO05 4711 -0.56 0.04 0.92 -0.89 0.04 1.01 0.69
determination  SM06 4157 0.53 0.04 1.12 0.43 0.04 1.17 0.62
(SD) SM11 3816 1.19 0.04 1.00 1.24 0.03 1.13 0.64
SM16 4440 -0.02 0.04 0.82 -0.24 0.04 0.91 0.69
SM22 4561 -0.26 0.04 0.86 -0.53 0.07 0.92 0.69
Self-efficacy SMO09 4169 0.51 0.04 1.01 0.29 0.04 1.01 0.63
(SE) SM14 4299 0.26 0.04 0.78 -0.02 0.04 0.82 0.69
SM15 4248 0.36 0.04 0.73 0.10 0.04 0.78 0.72
SM18 4307 0.24 0.04 1.16 -0.04 0.04 1.12 0.63
SM21 4424 0.01 0.04 0.75 -0.32 0.07 0.85 0.70
SMO02 4873 -0.89 0.05 1.61 -0.10 0.04 1.66 0.54
SM04 4933 -1.01 0.05 1.07 -0.25 0.04 0.99 0.67
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Grade SMO08 4711 -0.56 0.04 0.99 0.31 0.04 1.01 0.71
motication SM20 4796 -0.73 0.04 0.95 0.10 0.04 1.05 0.65
(GM) SM24 4857 -0.85 0.05 1.00 -0.06 0.07 1.03 0.68

The item distribution level was determined by its logit measure, which is illustrated in the
Wright map (Figure 38). In the uni- or multidimensional model, item SM11 showed the highest
logit measure (1.19/1.24) indicating that students tend to give lower scores to respond to this
item. In addition, item SMO04 has lowest logit measure (-1.01) compared to the other items,

meaning that students give higher scores to respond to these items.
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Figure 38. The Wright map of the SMQ II items (a = unidimension, X represents 7.8 cases;
and b = multidimension, X represents 9.4 cases)

The analysis of the item bias was done concerning the gender group using different item
functions (DIF). The DIF result showed that seven out of 25 items in the science motivation
questionnaire have a significant result (items SM03, SM08, SM09, SM17, SM20, SM23, and
SM24). Thus, further identification with DIF size examination was done to measure the size
effect of DIF (Figure 39). Among those seven significant items, the size was small (< 0.64)

which can be explained that the bias effect is low or negligible.
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Figure 39. The DIF results for SMQ II (1 = male; 2 = female)

5.6.2 The profile of students’ science motivation

The distribution of the students’ science motivation is presented in Figure 40. The mean
student score for SMQ II is 1.26 logit (SD = 1.50). Among the five variables in SMQ II, GM
has the highest average logit (M =2.43; SD = 2.30), followed by CM (M = 1.76; SD = 2.72),
SE (M =1.70; SD = 2.80), SD (M = 1.64; SD = 2.36), and the last is IM (M = 1.21; SD = 2.03).
The students’ overall responses in SMQ II show a value above average 0 logit, indicating that
their science motivation level is approximately high. In addition, the distribution of students'
score in SMQ II has a skewness value of 0.49 and a kurtosis value of 2.38, showing the criteria
of normal distribution. In each SMQ II category, students' responses also followed a normal

distribution (skewness = 0.13-0.24; kurtosis = -0.47-0.56).
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Figure 40. The distribution of students’ logit scores in science motivation (CM = career
motivation; GM = grade motivation; IM = intrinsic motivation; SD = self-determination; SE =
self-efficacy)

5.6.3 The gender difference in science motivation

The distribution of the science motivation of male and female students is shown in Figure
41. When comparing science motivation between male and female students, we found a
significant difference between both genders (Mmale =-0.19, SDmate =0.76; Mfemate = 0.21,
SDfemate = 0.58; t =-0.66, p < .05). Among SMQ II variables, there was a significant difference
is found in the CM, IM, SD, SE and GM variables when female students showed a better score
than male students (see Table 22), indicating that female students have more positive motivation

rather than male students.
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Figure 41. The distribution of students’ science motivation (CM = career motivation; GM =
grade motivation; IM = intrinsic motivation; SD = self-determination; SE = self-efficacy) by
gender (1 = male; 2 = female)

Table 22. The gender comparison of students’ science motivation

Male (n =457) Female (n = 786) t-test
Category Cohens’ d
Mscore  Miogit SD Mo  Miogit SD (df = 1241)
M 3.38 1.04 2.13 3.47 1.31 1.96 t=-2.24,p=.026* -0.14
CM 3.44 1.40 2.76 3.60 1.98 2.68 t=-3.60,p<.001** -0.22
SD 3.38 1.26 2.38 3.55 1.86 231 t=-432,p<.001** -0.26
SE 3.36 1.32 2.89 3.50 1.91 273 t=-3.61,p<.001** -0.21
GM 3.74 1.96 2.25 3.97 2.71 230 t=-5.60,p <.001** -0.32
Total 3.46 1.01 1.58 3.62 1.39 143 t=-431,p<.001** -0.28

Note: CM = career motivation; GM = grade motivation; IM = intrinsic motivation; SD = self-determination; SE
= self-efficacy. ** significant at p <.001, * p <.05

5.6.4 Discussion

The Science Motivation Questionnaire (SMQ 1II) used in this study showed an acceptable
validity and reliability result with the Indonesian sample. The SMQ II with five factors is
explained well within 25 items and shows no bias in assessing students’ science motivation.
Consistent with this result, SMQ II has also been shown to be valid for motivation measurement
with different context studies (Glynn et al., 2011; Schumm & Bogner, 2016; You et al., 2018).

Thus, this questionnaire is recommended for further studies in science motivation.
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The results in a high level of science motivation, indicating that students in Indonesia express
positive motivation related to science subject and learning. Among the five variables in science
motivation, students have a higher score in grade and career motivation, followed by self-
efficacy, self-determination, and intrinsic motivation. From this point on, students’ motivation
is predominantly driven by external factors regarding grades and future science-related careers.
This result is in line with previous studies that students are motivated to learn science mainly
because of the grades (Campos-Sanchez et al., 2014; Glynn et al., 2011; Schumm & Bogner,
2016). Vedder-Weiss & Fortus (2012) also claimed that external learning goals have a greater
impact on student motivation than their internal goals. Similarly, students who are interested in
a science-related career will put more effort into participating in science learning and show
more motivation in learning activities. Kenny et al. (2006) explained that students with clear
career plans and positive expectations for their career success may express more feelings in
valuing course learning and school activities. The implication of these findings can be explained
by the involvement of grades and rewards, as well as a precise career projection in the science
learning process. In addition, internal motivation also plays an important role in student learning
success. It needed to be nurtured along with external feedback through a meaningful learning
process. Indeed, the learning process should emphasise curiosity and challenge to make students
participate and engage in all learning activities (Carreira, 2011).

As regards gender comparison, there is a significant difference between male and female
students in science motivation, thus supporting the hypothesis (H6). Female students showed
more motivation for science than male students. However, male students showed more diversity
in their responses, implying that some male students have the highest motivation and other male
students have the lowest motivation in science. The favours of female towards male students in
science motivation are also supported by several studies (Oppermann et al., 2021; Schiirmann
& Quaiser-Pohl, 2022). Cabras et al. (2023) confirm that female students showed more positive
intrinsic and extrinsic motivation than male students in the Italian and Russian samples. Other
studies also reported that male students prefer to do science activities outside of school and are
less motivated during science learning (Ozbas, 2016; Salmi & Thuneberg, 2019). Female
students also indicated that they have more awareness of themselves as learners and consider
that science is important for their future careers, which drives their motivation to learn science
(Daher et al., 2021). Therefore, cultural aspects and gender stereotypes in science can be
considered possible explanations for gender differences in science motivation (Cabras et al.,

2023).
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The present study confirms that students have a high level of science motivation with favour
of females towards males in each category of science motivation. This result has some
limitations, as the measurements of science motivation with SMQ II addressed mostly intrinsic
and extrinsic motivation, as well as self-efficacy and self-determination. Other theoretical
frameworks and measurements for science motivation are also available to measure science
motivation (e.g. Dermitzaki et al., 2013; Tuan et al., 2005). Further analysis related to gender
stereotypes and cultural aspects of the sample context may be necessary to provide a more
detailed explanation of the differences between male and female students in science motivation.
Therefore, the result of this scientific motivation assessment may be useful for further
educational assessment and training programmes in Indonesia and as a comparison with
different studies in the other context.

The SMQ II is confirmed as a valid and reliable tool to measure students’ science motivation
in Indonesia. The results of the assessment demonstrate positive results of students’ science
motivation. The highest score was found in the grade and the motivation for the career
represented extrinsic motivation. Therefore, the motivation of the students is mostly driven by
extrinsic rather than intrinsic aspects. Emphasizing external factors in learning practices is
recommended to improve students’ motivation, whereas focusing on internal factors through
meaningful learning is also necessary to raise student motivation even further. The present study
supports the hypothesis that shows gender differences in science motivation, favouring female
students over male students. The explanation of this result could be connected to cultural aspects
and gender stereotypes in science learning. Furthermore, the identification of several factors

connected to science motivation is recommended for future studies.

5.7 The relationship between cognitive and noncognitive factors on problem solving

In this part of the study, we analyse the relationship between domain-general and domain-
specific problem-solving and its connection with cognitive factors (inductive reasoning and
scientific competency), and non-cognitive factors that include affective factors (attitude
towards science and science motivation), gender, and socio-economic status. As the theoretical
foundation for connecting these factors to problem solving has been established (see Chapter
2), we offer empirical evidence confirming the effects of these factors on problem-solving
abilities. Thus, we hypothesize that domain-general and domain-specific problem solving is
predicted by inductive reasoning (H7), scientific competency (HS), attitude (H9), motivation

(H10), gender (H11), and socioeconomic status (H12).
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5.7.1 The result of empirical analysis

The correlation analysis was performed and indicated that MicroDYN is significantly
correlated with gender (r=-.17, p <.01), SES (r=.16, p < .01), SC (r= .40, p <.01), IR
(r=0.38, p<.01), ATSQ (r=.09, p<.01), and SMQ 1II (»r=.07, p<.01). While SPS also
significantly correlates with SES (»=.08, p <.01), SC (r=.38, p <.01), IR (»r=.32, p <.01),
ATSQ (r=.08, p <.01), and SMQ II (»=.10, p <.01) (see Table 23). Through the correlation
analysis, we see that cognitive factors have a medium correlation with domain-general and
domain-specific problem-solving, while the relationship with affective factors is weak. In
addition, both cognitive and affective factors have a significant correlation with each other.
Other variables, such as SES and gender have a weak connection to problem solving, cognitive
and affective factors.

Table 23. The correlation between gender, socioeconomic status, cognitive and affective
factors, and problem solving

Variable 1 2 3 4 5 6 7 8
1. Gender 1
2. SES -.06* 1
3. MicroDYN  -.17** 6% 1
4. SPS .05 .08%* 31 1
5.SC 17 16%* A40** 38%* 1
6. IR -.19 21%* 38%* 32%* 59%* 1
7. ATSQ .04 .05 .09%* .08%* 10%* J2%* 1
8. SMQ II J3%* .05 .08%* 10%* J2%* 1 5%* JT15%* 1
Micore 3.39 0.11 0.35 0.48 0.62 3.15 3.56
(SD) ) (1.24) (0.15) (0.24) (0.24) (0.22) (0.39) (0.57)
Miogit 0.90 -3.93 -0.88 -0.16 0.69 0.21 1.26
(SD) ) (2.79) (1.80) (1.43) (1.34) (1.41) (0.65) (1.50)

Note: SES = socioeconomic status; SPS = science problem solving; SC = scientific competency; IR = inductive
reasoning; ATSQ = Attitude towards Science Questionnaire; SMQ = Science Motivation Questionnaire.
*significant at p < .05; ** p <.01

Furthermore, a SEM analysis was performed to confirm the effect of each variable on
domain-general and domain-specific problem-solving. The proposed model produces an
acceptable fit (x2/df=6.42, CFI1=.92, TLI=.90, RMSEA =.07, and SRMR =.04). As
indicated in Figure 42 and Table 24, science problem-solving is associated with MicroDYN
(B=.21; p <.01). In the case of cognitive factors, we found that inductive reasoning directly
affects MicroDYN (B =.20; p <.01) and strongly affects scientific competency (B =.75;
p < .01), there is no significant direct effect of inductive reasoning on science problem-solving.

Furthermore, scientific competency is the only cognitive factors that has direct affects to science
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problem-solving (B =.34; p <.01). Scientific competence was also significantly associated
with MicroDYN (B =.35; p <.01).

In affective factors, attitudes towards science and science motivation have a direct effect on
MicroDYN (B =.29; p <.05; B=-.24; p <.05). Regarding gender, we found its significant
effects on MicroDYN (B =-.19; p < .01) and science problem-solving (B =.09; p < .01). There
is no effect of gender on the cognitive factor, but it has a small effect on attitude towards science
(B=.09; p <.01) and science motivation (f =.13; p < .01). We found no direct effect of socio-

economic status on problem solving. This variable is associated only with affective factors and

inductive reasoning (f = .26; p < .01).
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Figure 42. The relationship model between cognitive and noncognitive factors on problem
solving (Note. SES = socioeconomic status; SPS = science problem solving; ATSQ = Attitude
towards Science Questionnaire; SMQ = Science Motivation Questionnaire)

113



Table 24. Standardised results of model analysis

Model B SE P
gender — science problem-solving .09 .03 .007
gender — MicroDYN -.19 .03 .000
gender — science motivation 13 .02 .000
gender — attitude towards science .09 .03 .003
socio-economic status — inductive reasoning .26 .03 .000
socio-economic status — attitude towards science .09 .03 .008
socio-economic status — science motivation .07 .03 .025
MicroDYN — science problem-solving 21 .05 .000
scientific competency — science problem-solving 34 .07 .000
scientific competency — MicroDYN .34 .06 .000
inductive reasoning — MicroDYN .20 .06 .001
inductive reasoning — scientific competency 75 .02 .000
attitude towards science — MicroDYN .29 A1 011
science motivation — MicroDYN -.24 A1 .032

Note: = standardised coefficient; SE = standard error

5.7.2 Discussion

The present study concludes the positive connection between domain-general and domain-
specific problem-solving. Since both problem solving require similar strategies to deal with
each problem situation (Molnar et al., 2013), domain-general problem-solving provides
knowledge acquisition and application strategies that are useful for students to solve domain-
specific problems. The only difference is that domain-general problem-solving has less
depending on prior knowledge, whereas domain-specific problem-solving benefits from the
knowledge acquisition strategy and requires support from prior knowledge. Indeed, domain-
specific problem-solving is mostly based on knowledge application that makes students should
utilise their knowledge even before solving the problem. Therefore, domain-general problem-
solving requires students to gain new knowledge and apply it in a new situation. As the
regression coefficient from domain-general to domain-specific problem solving is significant,
fostering domain-general problem solving through an educational programme will enhance

students’ domain-specific problem-solving ability.

The role of cognitive factors on problem solving

In cognitive factors, inductive reasoning has a significant effect on domain-general problem-
solving, but not on domain-specific problem-solving, thus rejecting hypothesis (H7).
Meanwhile, scientific competency has a significant effect on both domain-general and domain-

specific problem-solving which support the hypothesis (H8). The effect of inductive reasoning
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on domain-general problem-solving has been confirmed by many studies (Molnar et al., 2013;
Stadler et al., 2015). Inductive reasoning mostly influences domain-general problem-solving
during knowledge acquisition and problem identification. In this phase, students explore the
system by manipulating and controlling variables to identify the main effect, multiple effects,
and multiple dependence of variables and find their connection, which serves as new knowledge
to help them understand the problems. The knowledge acquisition phase also requires students
to observe situations, draw inferences, and identify causes to reach unexpected findings, which
employ several cognitive strategies such as causal, deductive, and inductive reasoning (Dunbar,
2000). Additionally, the nonsignificant effect of inductive reasoning to domain-specific
problem-solving could be explained that the role of inductive process is not directly connected
to well-defined science problem solving, where the information of problem situation strongly
rely on domain knowledge. Indeed, the role of inductive reasoning potentially enhance the
acquisition and reconstruction of individual knowledge, meaning that the influence of inductive
reasoning to domain-specific problem-solving is supported by domain knowledge. This
suggestion raises due to the finding that inductive reasoning strongly connected to scientific
competency, where scientific competency positively predicts domain-specific problem-solving.
Thus, we assumed that the influence of inductive reasoning to domain-specific problem-solving
is mediated by scientific competency.

On the other hand, the influence of scientific competency on domain-general and domain-
specific problem solving can be explained by the structure of scientific competency, which
includes knowledge and cognitive processes. Several types of knowledge (i.e. factual,
conceptual, and procedural) are required to solve problems (Mayer & Wittrock, 2006). When
students encounter a specific problem that requires a high interpretation of problem situations,
their prior knowledge in that context is beneficial for analysing and generating new ideas.
Scientific competency encompasses the ability to explain phenomena and to interpret and
evaluate data or evidence, which is applied during both domain-general and domain-specific
problem-solving tasks. As seen during the knowledge acquisition phase, students explore the
system by manipulating input variables and identifying changes in output variables. They deal
with some information and data that reveal the causal relationship between input and output
variables. Scientific competency will foster this stage by providing cognitive processes to
evaluate and interpret data during the system exploration. Indeed, successful system exploration
will lead students to find the rule and draw a conclusion. In domain-specific problem-solving,
scientific competency will be useful during problem identification and solution generation. The

basic knowledge that students acquire during learning activities is reported to support them in
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applying problem-solving strategies (Hambrick & Engle, 2003; She et al., 2012). The other
study also found that problem-solving ability will also increase along with their domain-specific
knowledge achievement (She et al., 2012). Vieira & Tenreiro-Vieira (2016) also confirmed that
students’ ability in science supports them in making judgements when faced with a challenge,

problem, or issue by justifying claims with accurate evidence and logical criteria.

The role of affective factors on problem solving

As for affective factors, we found that attitude towards science and science motivation have
significant effects on domain-general problem solving, but not on domain-specific problem
solving, thus rejecting the hypothesis (H9 and H10). This result is inconsistent with other
studies, which showed a positive correlation between attitude and motivation and domain-
specific problem solving (Baars et al., 2017; Guven & Cabakcor, 2013; Marchis, 2013).
Similarly, Zakaria & Ngah (2011) also found no significant correlation between attitude and
domain-specific problem-solving abilities, explaining that high perserverance and willingness
in solving problems do not strongly support the initial skills and abilities in problem-solving.
However, we found a positive connection between attitude and motivation to domain-general
problem-solving. This finding can be explained by the role of attitude in connection to the
learning activities and the use of strategies to effectively solve a problem. Attitude correlates
with learning strategies that can potentially improve problem-solving achievement (Luo et al.,
2019). Taghizadeh & Hajhosseini (2021) found that attitude contributes to driving students to
be more active and satisfied with their learning. The more students actively engage in learning,
the greater the chance of improving their problem-solving abilities, depending on how problem-
solving strategies are applied during learning. Additionally, emotions as part of attitude
constructs can alter and initiate individual cognitive processing. It influences how information
can be stored and retrieved (Kim & Pekrun, 2014). People with positive attitudes use their
general knowledge more effectively to solve problems than those with negative attitudes.
Negative attitude has an impact on reducing information processing (Pekrun, 2006). Similar to
attitude, motivation also supports problem solving by its connection to student learning
performance (Baars et al., 2017; Bereby-Meyer & Kaplan, 2005). Motivation sustains student
behaviour and allows them to engage and be active in many tasks (Fredricks et al., 2004).
Motivation is also related to persistence when students face obstacles during problem-solving
activities, they tend to overcome them. From this perspective, students with higher motivation
are eager to engage in every stage of problem-solving tasks and demonstrate greater persistence

in achieving their goals.
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The role of gender and socioeconomic status on problem solving

Regarding gender, this study found the effect of gender on domain-general and domain-
specific problem-solving, thus supporting the hypothesis (H11). Recent studies of gender
differences in problem solving have been conducted with favour males toward females (OECD,
2014; Wiistenberg et al., 2014), supporting the theoretical studies in cognitive studies that males
have an advantage in spatial and abstract information processing over females (Halpern &
LaMay, 2000; Reilly & Neumann, 2013). However, Borgonovi & Greiff (2020) found that the
connection between gender and problem solving varied in several countries. In countries with
high gender inequality, males tend to outperform females, while some countries showed no or
small gender gaps in problem-solving performance. These findings conclude that gender
differences are also related to gender equality and sociocultural aspects. Hence, even if males
possess a greater cognitive potential that benefits them in problem solving, the influence of
cultural aspects related to the learning process and environment can be a potential factor in
explaining gender differences in problem-solving ability. In addition, we found no direct effect
of socioeconomic status on problem solving, thus rejecting hypothesis (12). This finding is
supported by several studies that have confirmed the nonsignificant effect of socio-economic
status concerning the education level of both father and mother (Amalina & Vidakovich, 2023b;
Guven & Cabakcor, 2013). Instead, socioeconomic status is connected to inductive reasoning,
attitude towards science, and science motivation, which could lead to the possibility of
mediation effect of these variables in the relationship between socioeconomic status and

problem solving.

Summary

This study showed that domain-general problem-solving is directly affected by gender and
cognitive and affective factors, while domain-specific problem solving is directly affected by
gender and scientific competency. Furthermore, socio-economic status does not have a direct
effect on problem solving but is significantly related to inductive reasoning and affective factors.
This study suggests that improving students’ problem-solving ability also requires fostering
cognitive and affective factors in educational practices. Therefore, the problem-solving
programme should consider the integration of cognitive aspects and maintain the affective
needs of students during classroom intervention and other nonformal activities. Furthermore,
the effect of cognitive and affective factors on problem solving is limited to direct effect
calculation. Further analysis of the mediation effect between variables and the involvement of

other educational and sociocultural variables may be necessary to gain a more comprehensive
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understanding of problem-solving dynamics in education practices. Therefore, further research
is recommended to be done in the near future with the inclusion of other predictor and mediator
variables to explain problem-solving ability.

In the current study, we found a direct effect of gender, cognitive factors (inductive reasoning
and scientific competency), and affective factors (attitude towards science and science
motivation) on domain-general problem-solving. Meanwhile, domain-specific problem solving
is directly affected by domain-general problem solving, scientific competency, and gender.
Socio-economic status has a direct effect on inductive reasoning and affective factors, but no
direct effect on problem solving, which leads to a possibility of a mediation effect in its
connection to problem solving. Hence, further research on mediation effect of several variables
on problem solving is suggested, along with the exploration of other educational and socio-

cultural factors that potentially influence problem-solving.
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CHAPTER 6 GENERAL CONCLUSION, IMPLICATION,
LIMITATION, AND RECOMMENDATION

The dissertation provides information about the assessment of problem solving in the
Indonesian context. Based on the literature review, there is a need for improvement in the
assessment of problem solving in Indonesia, as recent studies have focused mainly on problem-
solving interventions, but there is a lack of research in the area of assessment. The current
research on problem-solving assessment in Indonesia has been reported to be insufficient to
generate information on student performance in problem solving. The existing measurement is
only domain-specific and has less comprehensive with psychometrical properties (Wicaksono
& Korom, 2022b). To this extent, in this study, the assessment of problem solving in general
and specific domain was carried out with the validity evidence of its measurement. In problem-
solving tasks, some sequences and activities that require cognitive processes and mental
representation of the test taker (Greiff et al., 2012). Indeed, the involvement of cognitive factors
as well as affective factors, gender, and socioeconomic background that are connected to
individual differences is also important to get better understanding of phenomena of problem
solving. This study also investigates the influence of cognitive and affective factors, gender and

socioeconomic status on problem solving.

6.1 General conclusion

The present study explains the assessment results of domain-general and domain-specific
problem solving. In addition, the measurement of cognitive factors such as inductive reasoning
(IR) and scientific competency (SC), affective factors in attitude towards science (ATSQ) and
science motivation (SMQ II) was done. The prior analysis of the validity of all measurements
confirms that the tests and questionnaire used in this study are valid and reliable for evaluation
purposes. Each test and questionnaire show acceptable factor analysis with proficient result in
each dimension variable. Rasch analysis also confirms that the items in the tests and
questionnaire are in the range of acceptable results (infit MNSQ 0.5-1.5). We find no or
negligible risk of item bias in the instrument through DIF analysis concerning gender. The
psychometric properties of the instruments show valid evidence and are sufficient to be applied
for assessment purposes in the Indonesian context.

The assessment results of domain-general and domain-specific problem-solving follow
descriptive analysis based on logit parameters. Student performance in both domain-general

and domain-specific problem solving was classified as low level with an average logit value

119



below 0 point. In domain-general problem solving, two phases are used for the assessment,
knowledge acquisition and knowledge application. Students also show low performance in
knowledge acquisition and knowledge application, indicating the difficulty of students in
generating knowledge from problem exploration activities with low chance to apply their
knowledge in the new situation. The gender differences are found with males significantly
outperforming female students in domain-general problem solving as well as in knowledge
acquisition and knowledge application phase, supporting the hypothesis (H1). This finding
corresponds to other studies that favour males towards females in domain-general problem
solving (Greiff et al., 2018; OECD, 2014; Wiistenberg et al., 2014). In domain-specific problem
solving, the assessment also employs two phases, identifying problem (IP) and generating
solution (GS) that present problem situations in science phenomena. The students show low
performance in the IP and GS categories of domain-specific problem solving. In contrast to
domain-general problem solving, the comparison result does not indicate a significant
difference between domain-specific problem solving of male and female students, thus rejecting
the second hypothesis (H2). Although some studies favoured males towards females in problem
solving (Gok, 2014; Soto-Ardila et al., 2022), many studies also found no gender differences in
maths problem solving (Gallagher et al., 2000; Guven & Cabakcor, 2013) and science problem
solving (Harskamp et al., 2008). Since prior knowledge is required during the completion of
domain-specific problem-solving tasks, the similar acquisition of student knowledge during
learning and intervention at school can potentially influence their performance in domain-
specific problem solving.

In cognitive factor, the measurement of inductive reasoning reveals that students achieve a
score above average, higher than 0 logit. Among the four subtests of the inductive reasoning
test, the students got the highest score in number series and the lowest score in number analogy.
The students’ performance is more varied when they solve series tasks rather than analogy tasks,
which is confirmed by higher standard deviation. Students have a similar ability to make
analogies, but when it comes to making order and finding the pattern of attributes, their ability
is diverse. This study also shows no gender differences in inductive reasoning tasks, resulting
in rejection of the hypothesis (H3). This result is supported by previous studies that found
similar performance between male and female students in inductive reasoning (Diaz-Morales
& Escribano, 2013; Kambeyo, 2018; Molnar, 2011; Van Vo & Csapd, 2020). The difference is
only found in the number analogy that favours males towards females, but the effect size is
relatively small. The other cognitive factor, the measurement of scientific competency, reveal

that the students’ scores are close to 0 logit on average, presenting a moderate level of scientific
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competency. In each category of scientific competency, students show better results in
explaining scientific phenomena (SCE) than in interpreting and evaluating scientific data or
evidence (SCI). Indeed, SCI requires a higher cognitive ability to evaluate and analyse
compared to SCI which employs the ability to understand and recall information. In a gender
comparison between the ability of male and female students in scientific competency, we found
no significant differences and rejected the hypothesis (H4). Gender differences in connection
with scientific competency are varied as a result of the context and the level of gender equity
influences (Cheng et al., 2021). Indeed, the science competency test is built based on the science
education curriculum; this nonsignificant result can be explained by similar cultural context and
learning experience throughout their education.

In affective factors, the students’ attitude towards science is presented on a moderate level
with the highest score in the value of science. This result indicates a higher understanding and
acceptance of the influence of science in personal life and communities. The lowest attitude
category is found in the anxiety and difficulty variable, indicating that the students perceived
fewer negative emotions during science learning. The gender differences analysis does not
produce a significant result in the overall attitude towards science of students, rejecting the
hypothesis (H5). However, in each category, female students showed a better perception of
enjoyment, value of science, and participation in science learning and activities, while male
students showed higher anxiety and difficulty levels than female students. In the science
motivation assessment, students get a high overall score (above 0 logit). Among five categories
of science motivation, students show the highest score in grade motivation followed and career
motivation, whereas the lowest score is in intrinsic motivation. This result implies that the
motivation of the students is mainly driven by external factors such as grade and future career.
In fact, students are motivated to learn science because they want to get high grades rather than
their inherent satisfaction and willingness to learn science. Since the students also showed high
intrinsic motivation, self-determination, and self-efficacy, this internal source of motivation
also contributes to the learning behaviour of the students. Regarding the gender comparison,
there is a significant difference between the science motivation of male and female students,
supporting the hypothesis (H6). Female students show higher scores in each category of science
motivation than male students, which concludes that female students are more motivated to
learn science.

Furthermore, the results of this study confirm the effect of cognitive and affective factors,
gender, and socio-economic status on problem solving. In cognitive factor, inductive reasoning

has a significant direct effect only on domain-general problem solving, but not on domain-
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specific problem solving (rejecting H7). Additionally, scientific competency has a direct effect
on both domain-general and domain-specific problem solving (supporting H8). In the case of
affective factors, attitude towards science and science motivation both have a direct effect on
domain-general problem solving, but no direct effect on domain-specific problem solving
(rejecting H9 and H10). In addition, gender has a direct effect on domain-general and domain-
specific problem solving (supporting H11), as well as affective factors, while socio-economic
status has no effect on problem solving (rejecting H12). The role of a cognitive factor in
problem solving is explained as providing a cognitive basis to understand the problems, apply
their knowledge, and make decisions to deal with the problem situation. Furthermore, affective
factors will support students’ activities and engagement, which potentially improve their
strategies in dealing with problem-solving tasks. In fact, no significant effect of inductive
reasoning and affective factor on domain-specific problem solving raises a concern about their
indirect effect and the role of domain-general problem solving and scientific competency as a

mediator to explain domain-specific problem solving.

6.2 Educational implication

This study contributes to providing information on the level of problem-solving ability of
students in Indonesia, as well as their level of cognitive and affective state. Additionally, valid
measurements for problem-solving and other assessments can be implemented in educational
practices in Indonesia. Specifically, while most schools use domain-specific problem-solving
tests for learning evaluation purposes, introducing domain-general problem-solving
assessments will benefit students. This approach allows students to engage with problem-
solving tasks on topics that are familiar and related to their daily lives. As mentioned in the
Indonesian national curriculum, problem solving is one of the educational goals for the high
school level (BSNP, 2013). However, the result of this study suggests that Indonesian students
in Grade 10 have low problem-solving performance. Several studies have recently been
developed on learning and instruction in problem solving in Indonesia. Learning activities
based on problem orientation and discovery have been suggested in the curriculum. Thus, the
teachers and stakeholders must be aware of the details in the implementation of problem-based
instruction with a focus on the problem-solving strategies that students can learn during
classroom activities. The details in the learning process such as activities to acquire new
knowledge and apply it in new situations should be emphasized during problem-solving
strategies. It is also important to integrate inductive process into learning activities with

connection to content knowledge from each subject will contribute to students’ effectiveness in
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applying problem-solving strategies (see Alibali et al., 2009; Herrmann et al., 2023; Tomic,
1995). In addition, maintaining students’ attitude and motivation during learning activities is
needed to foster problem-solving activities. Meaningful learning and a pleasant environment
should be created during learning activities. It is also important to have more work on the
assessment process that can give information about student progress and support further
educational improvement and methodological efforts in Indonesia focused on problem solving.

Furthermore, this study contributes to the field of global educational research through its
methodological and theoretical implications. The instruments presented in this study for
assessing problem solving (MicroDYN and SPS), cognitive factors (IR and SC), and affective
factors (ATSQ and SMQ) showed strong validity and reliability results. The domain-specific
problem-solving framework can be adapted to different disciplines beyond the natural sciences.
The domain-general problem solving, inductive reasoning, attitude, and motivation
measurement addresses a broader context that can be applied to the assessment process in
different samples and grade levels. These results also support the theoretical foundation
regarding the role of cognitive and affective factors in problem solving empirically, which can
serve as references for further research of problem solving. Additionally, the study on gender
and socio-economic status will provide more evidence on problem solving from the perspective

of individual differences.

6.3 Limitation and future recommendation

The result of the study should be explained in light of limitations. The measurement of
domain-specific problem-solving and scientific competency was done within the scope of a
natural sciences topic, which may potentially show different results when applied to other
disciplines. The framework for domain-specific problem solving was developed with a focus
on two main phases of problem solving, while the other frameworks encompassed various
phases (Rausch & Wuttke, 2016; Walker et al., 2016). Similarly, in the case of the scientific
competency test, the framework focused on two main categories that do not fully represent all
concepts of scientific competency. The other issue is connected to the inductive reasoning test,
which is limited to series and analogy in both figural and numerical form. Other types of
inductive reasoning tasks are available for assessment purposes, such as matrix, verbal, and
scheme (see de Koning et al., 2003; Ifenthaler & Seel, 2011). Using these types of tests can
provide further information about inductive reasoning. During the adaptation of the
questionnaire for attitude towards science and science motivation, the translation process was

adjusted to language and cultural aspects in Indonesia, which led to some changes in the
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questionnaires but still maintained their meaning and reliability. The other concern also arises
from the sample distribution, which focused only on several areas in Indonesia. Although the
sampling technique is maintained to represent the population, the sample is limited to Java, and
students from other areas were not included in the study. Future research should consider the
participation of students from other areas of Indonesia. To provide comprehensive information
on education in Indonesia, a large-scale survey based on a broader sample is needed.

Several recommendations can be made in the light of the findings of the study. First, in
domain-general and domain-specific problem-solving tests, adding easier tasks is necessary
because the majority of items are at a difficult level. Further adaptation of the domain-specific
problem-solving tasks is recommended in other disciplines based on the subjects and context
of the studies. The involvement of various domains (e.g. science, mathematics, technology, and
social studies) could provide a comprehensive profile of students' domain-specific problem-
solving abilities, which is important for the improvement of educational programmes, curricula
and teaching methods. Second, instruction and training based on the inductive reasoning
process and the components of scientific competency are suggested as an alternative
programme to foster students' problem-solving ability. This study involved several cognitive
and noncognitive factors to explain problem-solving ability. Several variables have the potential
to affect problem-solving ability, such as metacognition (Schoenfeld, 2016; Zhao et al., 2019),
divergent thinking (He & Wong, 2021; Vincent et al., 2002), students' beliefs about the problem-
solving process (Guven & Cabakcor, 2013; Ozturk & Guven, 2016), and others. Therefore, it
is also recommended to conduct more research that incorporates these variables to explain the

complexity and dynamic of problem solving.
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APPENDIX A. MicroDYN test
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APPENDIX B. Science Problem-solving test

Science problem-solving test

This test consists of 11 multiple choice questions and measuring the problem-solving skills in
natural science topic. Each question is provided by five answers/choices.

Choose the correct answer!

Ecosystem and environmental issue

The scientists identified the level of heavy metal pollution) in five different rivers in Sumatra Island,
Indonesia. To classify the level of pollution, they use a physical indicator (temperature), a chemical
indicator (pH and sulphate), and a bioindicator. In terms of bioindicators, they identify the present
zooplankton and indicate the high level of metal pollution based on the frequency of several
zooplankton genera. The result of the pollution analysis is shown in Table 1.

Table 1. The result of water pollution identity in the Sumatra River

River
Indicator
A B C D E
Physical Temperature (°C) 25 27 26 26 26
pH 6.06 7.43 6.85 6.25 7.01
Pb (mgL™) 0.008 0.024 0.014 0.006 0.017
Chemical
Mn (mg L) 0.081 0.42 0.228 0.023 0.226
Zn (mgL™) 0.039 0.071 0.055 0.014 0.075
Anuraeopsis sp + +++ ++ + +++
Brachionus caudatus ++ ++ ++ ++
Biology Trichocerca gracilis + + - +
Keratella cochlearis + +++ +++ - +++
Arcella megastoma ++ - + -

Note: the frequency of zooplankton is noted as very frequent (+++), frequent (++), infrequent (+), and does not
exist (-).

1.  What are the best factors to indicate the high level of water pollution in the river?

high pH value, high chemical consentration (Pb, Mn, and Zn), and high number of Brachionus
low pH value, high chemical consentration (Pb, Mn, and Zn), and high number of Anuraeopsis
neutral pH value, high chemical consentration (Pb, Mn, and Zn), and high number of Trichocerca
high pH value, high chemical consentration (Pb, Mn, and Zn), and high number of Keratinella
low pH value, high chemical consentration (Pb, Mn, and Zn), and high number of Arcella

e o

Bioremediation

The heavy metal pollution in river like lead (Pb), manganese (Mn) and Zinc (Zn), threatens both the
ecosystem and human health because of the high toxicity. The scientists try to use bioremediation for
heavy metal with microbial agent (Mucor circinelloides). They do the laboratorium research and found
that the activity of bioremediation is affected by several factor including initial inoculation amount,
temperature, and pH (Figure 1).
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2. If the researcher introduced the microbial agent culture in the river E (T= 26°C, pH= 7.01). How is

the bioremediation rate that can be predicted for water pollution?

a. The bioremediation rate for Zn will reach 95%.

L

Migration

The bioremediation rate for Zn will reach 85%.
The bioremediation rate for Mn will reach 85%.
The bioremediation rate for Mn will reach 80%.
The bioremediation rate for Pb will reach 75%.

The migration of songbirds (Oreothlypis peregrina) is affected by the formation of forest and trees.
The songbirds primarily use trees as foraging substrates during spring migration. They prey on
invertebrates living on and around the tree. Scientists observed several forests in the US and revealed
some aspects of the tree that influence the songbird behavior and migration preference (Table 2).
Table 2. Tree species preference for songbird migration based on foraging and leaf petiole length.

. N : Foraging Leaf petiole Migration-
Tree species | Scientific name Shading type index (M) length (cm) tree
preference
A Populus grandidentata | Shade intolerant 0.04 3.01 1.61
B Betula papyrifera Shade intolerant 0.14 1.19 -1.09
C Carya cordiformis Intermediate shade tolerant 0.04 3.78 -7.58
D Fraxinus americana Intermediate shade tolerant 0.26 0.35 0.85
E Quercus rubra Intermediate shade tolerant 0.13 1.75 26.84
F Quercus alba Intermediate shade tolerant 0.16 0.82 8.8
G Ulmus americana Intermediate shade tolerant 0.15 0.2 4.76
H Ulmus rubra Intermediate shade tolerant 0.29 0.22 4.18
I Acer rubrum Shade tolerant 0.03 4.8 -5.62
J Tilia americana Shade tolerant 0.02 5 -8.08
K Acer saccharum Shade tolerant 0.02 4.75 -15.87

Note: in migration-tree preference aspect, positive value show preference and negative value show aversion. Left
petiole length above 1 cm is long and below 1 c¢m is short (adapted from Wood et al., 2012)
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3. What is the songbird’s preference of the tree during migration?
a. The songbirds prefer shade tolerant tree during migration. They are mostly foraging substrates on
the tree with long petiole leaf.

b. The songbirds prefer shade tolerant tree during migration. They are mostly foraging substrates on
the tree with short petiole leaf.

c. The songbirds prefer shade intolerant tree during migration. They are mostly foraging substrates
on the tree with short petiole leaf.

d. The songbirds prefer intermediate shade tolerant tree during migration. They are mostly foraging
substrates on the tree with long petiole leaf.

e. The songbirds prefer intermediate shade tolerant tree during migration. They are mostly foraging
substrates on the tree with short petiole leaf.

4. If the Government and scientists want to do deforestation to helps the songbird migration, which

tree species that suitable for the forest composition?

a. B,LLF,C,and K
J,K,A,B,and G
D,JLE,F, and I
D,E,F, G,and H
D,G,H,K,and C

oo

Pathogen — Fungi

The Department of Plant Pathology identifies the most common fungal disease that attacks tomato

plants and summarized the symptom in Table 3.

Table 3. The identification result of fungal disease in plant (adapted from Mark & Brooke (2006))

Optimum habitat

Symptom

Name of Fungal

T (°C)

Humidity (%)

Septoria lycopersici

17-31

50-60

Circular spots on leaf about
1/8 inch in diameter. The
lesions gradually develop
grayish white centers with
dark edges.

Alternaria solani

20-34

45-70

Premature loss of lower
leaves

Colletotrichum
coccodes

19-36

30-55

Visible on ripe or ripening
fruit as small, circular,
indented spots in the skin.
As these spots expand, they
develop dark centers or
concentric rings of dark
specks.

Fusarium
oxysporum

25-35

40-60

Leaf yellowing and wilting
that progress upward from
the base of the stem

Botrytis cinerea

24-27

80-81

Light-gray fuzzy growth
that appears on stems and
leaves. Soft rot of the stem
and the fruit
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5. The farmer plant tomato in the field with the normal temperature (26°C) and low humidity (60-
80%). 40 days later, he found the dark spot on several leaves in the upper part of plants. But the stem
is in normal condition and the flower is developing. From which fungal infection that possibly cause
the disease?

a. Septoria lycopersici

b. Botrytis cinerea

c. Fulvia fulva

d. Colletotrichum coccodes

e. Alternaria solani

Plant crossbreeding

The scientists proved that the hybrid production of the new plant’s varieties of tomato can improve
their resistance to fungal disease (i.e., powdery mildew) and improve the quality of the fruit
production. There are several parental tomato plants that have potential to be involved in inbreeding
process. In this case big fruit, long stem, and intolerant traits are dominant over small fruit, short stem,
and resistance trait (Table 4).

Table 4. The traits of different tomato plants

Parental Attributes (Traits)

TM1 Big fruit, long stem, intolerant to powdery mildew
T™2 Small fruit, long stem, intolerant to powdery mildew
TM3 Big fruit, long stem, resistance to powdery mildew
TM4 Small fruit, long stem, resistance to powdery mildew
TM5 Big fruit, short stem, intolerant to powdery mildew
TM6 Small fruit, short stem, intolerant to powdery mildew
T™M7 Big fruit, short stem, resistance to powdery mildew
TM8 Small fruit, short stem, resistance to powdery mildew

6. Which parental plant that suitable for producing tomato that has big fruit, short stem, and high
resistance of fungal disease?
a. TM1 X TM3
T™M2 X TM4
TMS X TM6
T™™3 X TM7
TM7 X TMS

o a0 o

Exercise and energy
Table 5 shows how many calories from food can be “burned” during exercise ().

Exercises for

calories "burning” Speed of exercise Kcal ”burned”/hour
Jogging 9 min/miles 700
Swimming 30 min/miles 540
Walking 20 min/miles 160

7. The adult male needs approximately 2500 kcal for their daily activity. When adult male eats food

with 3200 kcal for a day. What kind of exercise they need to do to keep the calories balance for a day?
a. Jogging for 30 minutes then walking for 1.5 hours

Swimming for 1 hour then walking for 1 hour

Swimming for 1 hour then jogging for 30 minutes

Swimming for 1.5 hours

Jogging for 2 hours

oo
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Sea pollution

Coral reefs are foundational to marine ecosystem functioning and ecosystem service provision
(Hoegh-Guldberg, 2011). It became the habitat of many organisms such as phytoplankton, coralline
algae, sponges, gastropods, mollusk, corals, sea urchins, crabs, fish, and seals. Yet, in recent decades,
coral reefs have been rapidly degrading in response to numerous anthropogenic stressors, including
centuries of overfishing, global climate change, and environmental pollution. Among various
pollutants, microplastics, as an emerging contaminant, have caused significant concern recently,
because they are omnipresent within the marine environment, being found even in the most pristine
areas of the planet, including the deep sea and polar region.

8. What the possible cause of the microplastic pollution abundance in the coral reef ecosystem?
a. the gas emission from vehicle and factory near the beach
b. liquid waste of factory in coastal area
c. rubbish and waste from recreational activities at beach/sea
d. oil leak from industrial mining in the ocean
e. organic waste from industrial fishing in coastal area

Microplastic

The microplastic residual in coral reef were identified by some scientist with measuring microplastic
component such as tributyl phosphate (TBP), 2-ethylhexyl diphenyl phosphate (EDP), triphenyl
phosphate (TPP) and tricresyl phosphate (TCP) from fish living in the corel reef. All those pollutants
are toxic and cause damage to the endocrine system and reproductive ability of animals. The result of
the microplastic pollutant in different fish species is given in Figure 2.

Lutjanus kasmira
Naso unicornis
Melichthys vidua

Variola albimarginata

|
|
I
]
Parupeneus multifasciatus |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

B TBP WEDP mTPP mTCP

Figure 2. The level of microplastic residue in coral fish (adapted from Wang et al. (2022))

9. What is the most abundant miroplastic pollutant found in all coral reefs? (put an order from the
highest to the least)!
a. TCP>TPP>TBP > EDP
EDP > TPP > TCP > TBP
TPP > TCP > EDP > TBP
EDP > TBP > TPP > TCP
TBP > EDP > TPP > TCP

o a0 o

Conservation 1

The endangered giant salamander (Andrias davidianus) is known to be historically distributed in rocky
mountain streams and lakes with clear, running water, at moderate altitudes (below 1500 m, especially
between 300 and 800 m), where the animals occupy hollows and cavities under water. Its wild
populations and habitat have been declining due to habitat destruction and hunting for use in medicinal
herbs and foods, and the species is currently critically endangered.

158



10. If the local government wants to make a conservation program for the giant salamander, which
conservation is suitable for it?
a. making their natural habitat as a conservation site
moving salamander in the different location far from human’s residence
conserved the salamander into the zoo
moving all salamander into the breeding center together with other amphibians
making educational park close the salamander habitat, so they can live together with people

o a0 o

Conservation I1

This map below shows the area of Paju district, Korea. The blue polygon indicates the Hangang-
Imjingang River. The red line indicates the nationally protected wetland area. The gray area indicates
the region of interest for systematic conservation planning (Figure 3).
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Figure 3. The conservation site of giant salamander (J. H. Kim et al., 2021)

11. Look at the map above! Among the pointed site (purple circle), which part is the best area for giant
salamander conversation site?
a. site A
site B
site C
site D
site E

o a0 o

References

Kim, J. H., Park, S., Kim, S. H., & Lee, E. J. (2021). Identifying high-priority conservation areas for
endangered waterbirds using a flagship species in the Korean DMZ. Ecological Engineering, 159,
106080. https://doi.org/10.1016/j.ecoleng.2020.106080

Mark, G. L., & Brooke, A. E. (2006). Tomato disease and disorder. In Disease in outdoor production
(pp- 1-12). ISU Extension Publication.

Wang, W., Qing, X., Wang, J., He, T., Fan, R., & Huang, Y. (2022). Bioaccumulation and potential risk
of organophosphate flame retardants in coral reef fish from the Nansha Islands, South China Sea.
Chemosphere, 287, 132125. https://doi.org/10.1016/j.chemosphere.2021.132125

159


https://doi.org/10.1016/j.chemosphere.2021.132125

Wood, E. M., Pidgeon, A. M., Liu, F., & Mladenoff, D. J. (2012). Birds see the trees inside the forest:
The potential impacts of changes in forest composition on songbirds during spring migration.
Forest Ecology and Management, 280, 176—186. https://doi.org/10.1016/j.foreco.2012.05.041

160



APPENDIX C. Inductive Reasoning test

Inductive reasoning test

The test contains 32 items and students has to complete the task by dragging the correct
option (picture) into the box or type the correct number in the next empty box
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APPENDIX D. Scientific Competency test

This test consists of 15 multiple choice questions and measures the reasoning ability in
biology/natural science topic. Each question is provided with five answers/choices.
Choose the correct answer!

Mpycorrhiza and legumes

The association of mycorrhiza fungus with a host plant such as legumes is described as a long-
lasting mutual adaptation. The development of mycorrhiza in the roots has some benefit for
plants. They help to take immobile nutrients such as phosphate and zinc and acquire nitrate
(NOs3-), ammonium (NH4+), and amino acids (AAs) from the external medium/soil. However,
symbiotic legumes with mychorriza give greater benefit to the plant compared to
nonmychorriza legumes. Some laboratory research explored the differences between several
legumes and the effect of their symbiotic relationship with mychorriza. They compared the
effect of mychorriza, nonmychorriza and phosphate-rich soil on growth and nodule formation
in legumes. The result is presented in Table 1.

Table 1. The effect of michorrhiza and phosphate on the growth and nodulation of four legumes

Total weight (g) Nodulation
Legumes
M NM P M NM P
Centrosema pubescens 3.9 1.7 4.9 5 1 5
Stylosanthes guyanensis 1.6 0.5 0.9 5 0 5
Trifolium repens 2.6 1.6 4 5 1 5
Lotus pedunculatus 2 25 3.9 4 2 5

Note: M = with mychorriza, NM= without mychorriza, P= with additional 0.4 g phosphate molecules
(Ca(H2P0O4)2H>0/kg soil), nodulation category from 0 = no nodule to 5 = abundance nodule.

1. What best describes the benefit of mychorriza symbiotic to legumes?
a. Absorption of the nutrient from the soil into the plants

b. improving plant photosynthesis rate and producing sugar molecules
c. synthesising the essential enzyme for plant growth

d. producing organic molecules that help plant against pathogens

e. increasing the water absorption from the soil

2. What happened to legumes that they cannot form a symbiotic with mychorriza and lack
phosphate uptake from the soil?

a. Incomplete chlorophil formation results in yellow leaves

b. decay of the root and lower stem

c. incomplete flower formation and small fruit size

d. abnormal growth in the stem and leaves

e. slow development and growth process (dwarf plants)
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3. What is the effect of michorriza and phosphate on nodule formation in legumes?

a. Nonmychorriza plants can produce nodules as much as mychorriza plants can.

b. the addition of phosphate does not improve nodule formation in legume plants

c. legume plants symbiotic with mychorriza have less ability to form nodules.

d. Treatment with mychorriza and phosphate improves nodule formation in legumes

e. mychorriza symbiotic will result in higher nodulation better than phosphate treatment.

The Bird Migration

Wind is an important factor to affect migrating birds' optimal flying speed and altitude. The
speed and direction of the wind also correlate with the energy consumption during flight. During
different times, the wind speed in a specific place is changing and combined with the
topography of the migration route affects the seasonal migration pattern of birds. The wind
speed record and the frequency of bird migration from August to October are presented in
Figure 2.
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Figure 2. Wind speed and bird migration intensities

4. What is the relationship between wind speed and bird migration rate?
a. The change in wind speed does not affect the bird’s migration rate.

b. The birds migrate in the period of low wind speed.

c. higher number of birds migrate during high wind speed;

d. the birds prefer high wind speed conditions for migration

. there are few birds migrate during low wind speed

[¢)]

5. In what period does bird migration frequently occur?
a. early August

b. mid-August

c. early September

d. mid-September

e. early October
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Biogas and Energy

Biogas is a renewable source of energy produced by the decomposition of organic materials
(feedstocks) under an oxygen-free and controlled temperature in the process known as
anaerobic digestion with the help of microorganisms. The main components of biogas are
methane (CHs), which makes it applicable as a natural gas. When the biogas units are combined
with heat and power, it can produce various heating purposes and electricity. Instead, the
constant temperature in the biogas process is important, a research on the ideal temperature for
biogas was carried out and the results are shown in Figure 3.
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Figure 3. The effect of temperature for biogas methane production

6. Based on the figure above, which statements are correct for the effect of temperature on
biogas methane production?

a. Moderate temperature (T = 35°C) produces a lower methane gas compared to highest
temperature (T = 45°C)

b. there is no difference in the effect of temperature for methane production during the first 30
days of biogas processing.

c. The lower temperature (T = 20°C) has the lowest impact on the production of methane in
biogas processing.

d. Lower temperature (T = 20°C) produces methane gas with the same amount as moderate
temperature (T = 35°C)

e. the highest temperature (T = 45°C) is more suitable for methane production in biogas
processing;

7. What is the benefit of biogas for the sustainable environment?

a. biogas uses microorganisms to produce gas and heat

b. Biogas can be used for electricity production with less fuel consumption
c. It does not require a lot of money to build a biogas plant.

d. Biogas produces a large amount of methane gas

e. biogas is applicable in small- and large-scale production.
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Bioremediation

Heavy metal environmental pollution has devastating effects on humans, plants, and animals.
Chromium (Cr) is known for its widespread utility in various industries such as tanneries,
chrome plating, chemical industry, mining, steel. Chromium pollution becomes a serious threat
to the soil. It becomes harmful to soil microorganisms, inhibits nutrient uptake, and makes soil
less fertile. The bioremediation strategy is used to minimise the level of chromium in the soil
by bioagents such as Streptomyches sp. Research about Cr bioremediation is done by some
researchers applying Streptomyches sp in polluted soil. Bioremediation activity is measured
with the help of bioindicator plants such as Zea mays (corn). The level of Cr is calculated after
14 and 28 days in several parts of the plants (Table 2).

Table 2. Cr level in Zea mays after Streptomyches treatment

Cr accumulation Streptomyces griseus Streptomyces lividans

in Zea mays t-0 t-14 t-28 t-0 t-14 t-28
Root 6.2 34 0.3 5.6 1.8 1.8
Stem 10.3 1.8 0.4 9.8 4.2 1
leaf 9.9 1.9 1.1 7.8 3.6 0.8

Note: Metal accumulation in plants is in mg g-1; t= time (days)

8. Based on the data, which statements are correct about the result of bioremediation
treatment? The lowest Cr accumulation is found in the...

a. roots after 2 weeks of Streptomyces treatment

. stem after 2 weeks of Streptomyces treatment.

. leaf after 4 weeks of Streptomyces treatment

. oot after 4 weeks of Streptomyces treatment

. stem after 4 weeks of Streptomyces treatment

o o o o

9. Explain how fungal strains help in the chromium remediation process?
a. absorbing the pollutant and accumulate it in their body.

b. mobilising the chemical compound into their host plants;

c. change the pH of their surrounding with the pollutant compound

d. degrading the pollutant compound to a less toxic form

e. produce mucus to trap the pollutant.

Global warming

Global warming is a long-term heating system in the earth that is caused by the high amount of
CO: and other gas pollution that reside in the atmosphere. Many researchers believe that raising
of global temperature is connected with several phenomena such as fossil fuel consumption,
pesticide use, macroplastic pollution, and the world population. The figure below shows some
data collected about phenomena caused by global warming over the years (Figure 4).
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Figure 4. The Global Waming Parameters of the World during 1960-2020 (adapted from

a. The growing world population correlates with decreasing of microplastic in the oceans

b. The increase of arable land complies with the increasing of global temperature.

c. the increase in fossil fuel consumption is in the same trend with increasing atmospheric
CO2
d. The decrease in the human population correlates with the increase in the use of pesticides
e. The decrease of atmospheric COz is in the same trend with increasing global temperature;

11. How does fossil fuel consumption affect the raising of global temperature?
a. Fuel burning produces carbon dioxide that is trapped in the atmosphere
b. The heat from oil burning will increase the surrounding temperature.

c. The heat from burning fuel will decrease humidity in the air

d. The gas from fuel burning will trap water molecules and decrease rain intensity.
e. the nitrogen gas from oil burning will damage the ozone layer

Marine Ecosystem

Coral reefs are fundamental to the functioning of marine ecosystems and the provision of
ecosystem services (Hoegh-Guldberg, 2011). It became the habitat of many organisms such as
phytoplankton, coralline algae, zooplankton, sponges, gastropods, molluscs, corals, sea urchins,
crabs, fish, and seals. However, in recent decades, coral reefs have been rapidly degraded in
response to numerous anthropogenic stressors, including centuries of overfishing, pollution,
and global warming. The decline of the wild population in coral reefs disrupts the life cycle and
ecosystem balance.

12. Which organism plays a role as producers in coral reef ecosystems?
a. sea urchin

b. phytoplankton
c. Gastropods

d. corals

€. sponges

174

Macroplastics and pesticide (million t)



13. Which diagram (ecological pyramid) shows the portrait of the balance ecosytem in the
coral reef ecosystem?
a. d.

Sponge

Mollusk

Phytoplankton

Seal

Crabs

Zooplankton

Sea urchin

Insect and Pest
The insect pest Tribolium confusum causes great damage in the grain corps. The biological
control of predatory bugs, such as Amphibolus venator and Xylocoris flavipes, has a potential
to reduce the pest population because they prey on them. The scientist conducts the research
for the effectivity of biological predator in preying insect pest result in Table 3.
Table 3. The biological control of predatory bugs

Without T. confusum With T. confusum (N=10)

Combination of treatments No. of dead No. of dead No. of dead No. of dead No. of dead
X. flavipes A. venator X. flavipes A. venator T. confusum

4 adults X. flavipes + 2 adults A.

3 0 1 0 9
venator
4 adults X. flavipes + 2 nymphs 3 0 1 0 9
A. venator
4 nymphs X. flavipes + 2 adults 1 0 0 0 8
A. venator
4 nymphs X. flavipes + 2 0 0 0 0 10

nymphs A. venator
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14. Based on the result, which predatory bugs have a great impact in reducing the pest
population?

a. X. flavipes (nymphs and adult stage)

b. X. flavipes (nymphs) and 4. venator (nymphs)

c. X. flavipes (nymphs) and A. venator (adult)

d. X. flavipes (adult) and A. venator (nymphs)

e. X. flavipes (adult) and 4. venator (adult)

15. What is the interaction between two predators A. venator and X. flavipes based on the
laboratory treatment result?

a. In the present of 7. confusum, A. venator preys on nymphs X. flavipes

b. In the absence of 7. confusum, A. venator preys on nymphs X. flavipes

c. In the absence of T. confusum, A. venator preys on adults X. flavipes

d. In absence of T confusum, X. flavipes prey on nymphs A. venator

e. In the absence of 7. confusum, X. flavipes preys on adults A. venator
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APPENDIX E. Attitude Towards Science Questionnaire

Learning science makes me cheerful
Science is relevant to everyday life
Science is easy for me
I feel helpless when doing science
I am sure I can do well on science tests
I feel nervous while learning science
I want to join a science club
I like watching science programs on television/internet
I can understand difficult scientific concepts
. Science is essential for a country's development

X NN W=

ot e \O
N = O

. I feel enthusiastic while learning science

. I am not good at science

. I want to do more science activities outside school
. I like reading science magazines and books

. Learning science makes me anxious

. I feel tense while learning science

. I cannot understand science even if I try hard

N — = = = = =
= JAN-JECCREN B NV I N

. 1 feel happy while learning science

. I enjoy learning science

. T'look forward to science lessons in school

. I feel stressed when I must learn science

. Tlike to participate in science class discussion

. I'like to visit science museums

. Science lesson is exiting

. I want to study science more deeply than I do at present

[NOT O I \O I \O I \O I \O I \S]
NN B W~

. The benefits of science are greater than the harmful effects

Science will help make the world a better place in the future
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APPENDIX F. Science Motivation Questionnaire II

01.
02.
03.
04.
05.
06.
07.
08.
09.
10.
I1.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

The science I learn is relevant to my life.

I like to do better than other students on science tests.
Learning science is interesting.

Getting a good science grade is important to me.

I put enough effort into learning science.

I use strategies to learn science well.

Learning science will help me get a good job.

It is important that I get an “A” in science.

I am confident I will do well on science tests.
Knowing science will give me a career advantage.

I spend a lot of time learning science.

Learning science makes my life more meaningful.
Understanding science will benefit me in my career.

I am confident I will do well on science labs and projects.

I believe I can master science knowledge and skills.
I prepare well for science tests and labs.

I am curious about discoveries in science.

I believe I can earn a grade of ““A” in science.

I enjoy learning science.

I think about the grade I will get in.

I 'am sure I can understand science.

I study hard to learn science.

My career will involve science.

Scoring high on science tests and labs matters to me.
I will use science problem-solving skills in my career.
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