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ABSTRACT

Background :Minds of people living in the present and future centuries should differ from those of the
ones lived before. It is therefore the concern of societies looking for glory, to enhance their people
cognitive abilities of problem solving and critical thinking to face contemporary challenges. In the
scientific domain, Scientific Reasoning (SR) is one of the critical thinking dimensions in problem
solving. Therefore, in order for societies, to enhance the quality of their human resources, there is an
urge to raise the scientific reasoning abilities of their personnel. A wise choice of a tool to raise SR
would be the formal education. Therefore, the pressing question would be whether exist any teaching
strategy would assist in reaching the former goal. Features of such teaching strategy may be figured
out by studying pedagogies and cognition. Explore-instruct teaching strategy has been chosen here to
explore its impact in developing scientific reasoning ability and compare it to the Instruct-Solve
traditional strategy.

Purpose: The purpose of this research was to study the impact of explore-instruct teaching approach
on college students’ scientific reasoning development in the United Arab Emirates, and to explore the
perspectives of participating students who experienced this approach.

Methods: The study took place in a private university at the United Arab Emirates (UAE). The
participants were students studying General Physics (I). The study compared the development in SR
in the control group which receives traditional physics lectures via “Instruct-solve” and the
experimental group that received the same lectures via “explore-instruct” teaching approach. Scores of
students in Lawson Classroom Scientific Reasoning Test were compared for the two groups prior and
post the course in a four-month semester. The perspectives of students experienced the explore-instruct
approach were revealed through e-mails interviews which included open-ended questions and one last
close-ended question.

Results: The study quantitatively proved that both teaching strategies had no significant effect on the
Proportional Reasoning (PPR) of the participants, but they resulted in a normalized gain in the Control
of Variables (CoV) and Correlational Reasoning (CRR) dimensions of scientific reasoning. But
Explore-Instruct teaching approach made a higher normalized gain in CoV than the traditional
approach of Instruct-Solve. Qualitative data collected via email interviews to study perspectives of
students; revealed preference for the Explore-instruct teaching approach by some students when there
is no work to be submitted for assessment. But students, in general, preferred the traditional approach
when lab reports or any post-session work to be completed and submitted for assessment.
Implications/Contributions: Higher education in general, and scientific and technological education,
have a powerful role in qualifying personnel leading to developing economies. It has been therefore
widely argued that the complexity of challenges encountered by the 21st society increased with the
advance in technology, the education system is required to focus on improving students’ problem-
solving cognitive skills. Scientific reasoning is one of the essential cognitive skills whose deficiency
often leads to judgment errors when facing an issue. Studying the impact of the Explore-Instruct
teaching approach on scientific reasoning would provide teachers, curriculum developers, educational
quality assurance personnel, and decision-makers with evidence of improvement of CoV in a period
of 4 months only, via simple flip in order of periods of the problem solving or conducting an experiment



by the students and the instructor's period of lecturing. This will accordingly assist educators in making
their choices.

Keywords: Explore-Instruct, Scientific Reasoning, Control of Variables, Teaching approach.
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CHAPTER 1

INTRODUCTION

It is generally acknowledged that there is a correlation between the quality of
higher education of any nation and its economic development. It is also admitted that
science and technology are essential for enhancing the quality of life and raising
economic chances (Oluwafemi & Laseinde, 2020, Krumm and Kimmie, 2013).
Therefore, higher education in general, and particularly scientific and technological
education, have a powerful role in developing economy. One of the main indicators of
the quality of higher education and science graduates, and a cognitive skill that has
been declared by several researchers an essential cognitive skill supporting the Critical
Thinking (CT) and scientific literacy, is the Scientific Reasoning (SR) skill (Faust and
Meehl, (1984); Pyper (2012); Lawson &Worsnop (1992); She & Liao (2010); Morris et
al., (2012), etc.). Scientific Reasoning (SR) is the way that the person uses an evidence
to come at a conclusion and is the reasoning we use when taking contentions seriously
in science, whether it be physical sciences (like physics and biology) or social sciences
(like psychology and economics) (Lack and Rousseau, 2016). Scientific reasoning is
generally defined from the research point of view (Zimmerman, 2005) as the term
“includes the thinking and reasoning skills involved in inquiry, experimentation,
evidence evaluation, inference, and argumentation that support the formation and
modification of concepts and theories about the natural and social world” (Bao, 2009,
p.1).Scientific reasoning was also defined from the science literacy point of view
(Brown et al. 2010, ) as the term represents the cognitive skills essential to understand
and evaluate scientific information, that usually involve understanding and evaluating
causal, statistical and theoretical hypotheses (Bao, 2009, p.1).
In practicing scientific reasoning, Lack and Rousseau (2016) shed a light on an
essential cognitive skill that facilitates scientific reasoning. It is the capability of
changing minds about particular matter and realizing that we are maintaining a false

belief, and to modify. It is found to be a precious essential human skill. Incorrect ideas

1



can confuse debates, it can also lead to worse choices than we might make in any other
case. In general, it limits our possibilities to make the maximum of our reasoning
situations and decision making. Yet, the ability to modify our believes, is a skill that
needs exercising. Usually, it is taken for granted and in a way that we forget about
exercising and improving it. If we allow defective assumptions or unsound reasoning to
grow to be rooted in our minds, we may then be worse at changing our believes flexibly
with time. This is, in brief, why do we need the skills of Scientific reasoning and
critical thinking and why do we need to exercise those skills during our life (Lack and
Rousseau, 2016). Consequently, appear here an urgent need for a whole education
system at which the students practice scientific reasoning supported by conceptual
change. Such system will raise this skill and at the same time improve performance in
science field.

Though, despite eminent introduction of scientific fields in the higher education
(HE) sector, the undergraduate’s failure rates at these institutions remain high(Kuhn &
Modrek, 2017) and improvement of reasoning skills remain unsatisfactory (Ding, Wei &
Liu 2016).In a daily life pattern something that is observed and may be related to this
problem is that people discussion so often seem superficial, having people arguing past
each other rather than with one another, Kuhn and Modrek (2017) think that causes
may be not only dialogical but also individual and logical. They considered in their
study whether there exist mistakes in reasoning that would be specifically of
unfavourable consequences on argumentative debates. specifically, they considered
implications of two mistakes: explanation as a substitute for evidence and neglecting
the possibility of multiple causes responsible of final outcomes. Kuhn and Modrek
(2017) displayed in their research those errors to be ordinary to occur in a cross section
of adults, and also in samples of community college undergraduates and also in young
children, with minimal age-related development. in addition, they occur, although less
frequently, among a sample of exceptionally educated adults, and Kuhn and Modrek
(2017) finally demonstrated the effect of these mistakes in discussions and debates of
college-educated adults. Khun and Modrek (2017) point ultimately to proof that those
individual reasoning mis-practice is probably addressable via education.
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Reasoning is a cognitive ability connected to cognition, and cognition routing

has been discussed by the artificial intelligence researcher Qadir, (2016) in the
cognitive radio networks (CRNs). Cognitive radio networks are nodes supplied with
cognitive radios (CRs) which are programmed to ‘“sense, learn, and react to changes in
network conditions” (Qadir, 2016). The idea of adapting to changes was supported by
incorporating  cognitive  networking  with  artificial  intelligence —that entails
understanding and reasoning the radio environment —to make optimal decisions
autonomously. The term Dzobo (2020) stated that "artificial intelligence" goes back to
the last twentieth century, i.e., more specifically to the year 1956, when it was used
for the first time at a conference held at Dartmouth College in the United States of
America. Since that historical era, the gradual and partial development of artificial
intelligence, especially in the field of neuroscience, began through neuroscientists who
attempted to study and comprehend the human brain, when those scientists sought
to create intelligent machines that have the ability to perform complex tasks such as
those performed by the human race(Dzobo et al.,, 2020).These machines have a wide
range of applications such as in public safety systems, intelligent transport systems,
cooperative  networks, smart grid communications, femtocells, dynamic spectrum
access.
Cognitive networking usually includes models of cognition and learning that have been
set for cognitive networking’s. Such cognitive networks will observe and analyse its
surrounding and set up and judge to fulfil the policy goals. Also, it is to constraints and
enact on the determined policy. Significantly, such networks learn from past situations
and from the surrounding environment to enhance performance with time (Qadir,
2016). This should motivate the education systems to enhance the scientific reasoning
of students to deal with and be able to develop artificial intelligence (Al) based
techniques into the design of future machines.

In this regard, the concepts of “artificial intelligence” and “wireless communication
networking” have been merged with the aim of operating cognitive radio networks through a

multiple integration of engineering disciplines. The use of such artificial intelligence concepts



represents the cornerstone of cognitive radio networks and thus distinguishes them from other
wireless networks in terms of their superior ability to build, learn and adopt knowledge bases. The
process of integrating these concepts accurately and tightly is made through building and
developing a unified knowledge-based network that has a great ability to identify the environment
in which it operates, and through an effective artificial mind that possesses the superior ability in
the decision-making process, knowledge inference, performance development, monitoring,
adaptation to the surrounding conditions and the ability to deal with future projections(Gavrilovska
etal., 2013).

In the field of artificial intelligence, the two key attributes and characteristics of
perception and reasoning are actually realized, noting that these two characteristics are
essential in the context of human intelligence, as people use them to solve the problems
they face in various walks of life. Perception and reasoning capabilities are usually
achieved through the work of logic programming and machine learning, and the two
features have already been developed separately throughout the history of the
development of artificial intelligence sciences. Logic programming is based on
exploiting familiarity with the symbolic domain and then correcting incorrectly
perceived facts in order to improve and develop machine learning, while the machine
learning program benefits from the awareness of initial logical facts through the data
available to it. Thus, machine learning has become something possible, as machines can
recognize numbers and solve various mathematical and accounting problems and
equations with a faster and more accurate capacity and adapt them to the modern
logical thinking model, which may bypass deep learning models(Dai et al., 2019).

Thinking things through in a quick reflective critical way became more essential
for individuals and urge making efforts in the cognitive domain He et al. (2010).
However, what is needed as per (Krumm & Kimmie, 2013) is transforming the
learner’s conscious. It is assumed that it will enable these learners to completely own
the learning process via inquiring, reflective and critical thinking.

Likewise, jumping to conclusions, cognition includes both planning and learning. With
planning being the procedure of preparing the suitable activity at specific circumstances to optimize



performance. As for learning, it is the way of collecting experience from effects left by the past
activities. He et al. (2010). Recent studies also found a strong correlation between scientific

creativity and scientific reasoning (Sternberg et al., 2020)

A critically well-versed teaching approach is claimed by Krumm and Kimmie (2013) to
provide the perfect opportunity to reduce with time many calamities, and support
reasoning to achieve good decision making. Studies focus on decision making because
people need to decide routinely during the day and these small decisions are the ones
accumulate to form the big decisions and they are smaller parts of the total outcome,
but science and scientific approach is often taught as a set of standardized techniques to
be memorized and undertaken(Krumm and Kimmie, 2013),and as per Boudreaux and
others (2008),If control of variables Instruction occurs at all in a college science course,
it tends to be carried out via this pattern. Students are usually unable to go over the
reasoning steps necessary in contexts that differ from the examples used during
instruction in the classes. Through their investigation, Krumm and Kimmie found that
even students who are smart and have a high level of intelligence in areas of
mathematical operations in courses such as physics that contain problems in calculus
and integration have had difficulties in linking the experimental results and the specific
conclusions and inferences that they have reached, while wusually science courses
provide an appropriate opportunity to develop and reinforce logical thinking and draw
conclusions based on available evidence. Boudreaux et al., 2008)

It is a natural sequence of thinking that the person often follows in decision
making but giving it the formal mould helps in fixing and developing that pattern of
thinking process. It will also be easier to consciously notice if a step has been missing
or performed without intention or with no understanding. A classic 5-steps process that
may be found helpful as a formal framework of thinking to decide effectively was
suggested by Adair (2020). The person expects that logically these five thinking steps
need to be followed in strict sequence, but the human mind is not a manmade machine.

The notes may be connected in different sequences and different mental chords in the



human mind. Making thinking not necessarily a tidy process, but it needs to be made
with a sense of order.

1.1.  Context of the research Study
Context is the thing that characterize the essence of thought procedures (Rivaz & Saiz
2016). Outside the context, everything is possible ,but nothing is real. The daily faced problems
occur at a given time and in a particular space, and this means that they are not an abstraction, they
are true facts. However, this contextualization tends to be ignored in teaching. The facts are only
seen “on paper” such that it is almost impossible to observe them or see them properly in real life
contexts.

In the higher education context, SR is expected by Pyper (2012) to be a limiting factor of the
conceptual understanding process in college students. Lawson &Worsnop (1992) found that
college students with higher reasoning abilities are less likely to hold pre-instruction non-scientific
beliefs about life than the students with the lower reasoning abilities. And these students with
higher abilities of scientific reasoning are cognitively more flexible to change their alternative non-
scientific beliefs if they have any, and more liable to experience conceptual change. This finding
was also quantitatively proved by She and Liao (2010) for grade eight students in Taiwan. She and
Liao carried out a two-factorial experimental design study to investigate the effect of the instruction
approach, and the effect of the level of the scientific reasoning of the students, on their achievement
and scores in three tests which were provided by the researchers to measure their scientific
reasoning, concept construction and conceptual change. And they found that; students with higher
abilities of scientific reasoning are cognitively more flexible to change their alternative non-
scientific beliefs, and more liable to experience conceptual change.

According to She and Liao, we can clearly notice that the term "misconception™ is often used
in context of various fields of literature, as it is used to describe the reason for the inferences
pertaining to incorrect answer patterns rather than looking at the student's answers from an
empirical perspective. It makes sense that if students believe in their well-established but false
patterns of thought and apply those concepts and thoughts constantly to answer related questions;
it is likely that their answers will be wrong as a result of following a specific and consistent pattern

of misconception. However, She and Liao it is not necessarily true when the student gives wrong



answers that the reason for them is the result of wrong ideas and concepts, but the wrong answer
may be due to other factors. That is, wrong answers are sometimes referred to as patterns and
products of ideas and responses that resemble and look like misconceptions. Criticism of the
interpretation of the concept “misconception” was mainly directed through the identification of the
student’s coherent model. This is according to She and Liao because the theories that were used
for the explanation of this term were found to be incorrect and were not universally valid.

The “misconception” interpretation criticism according to She and Liao is based on two specific
grounds: first, when the students were asked about their concepts and theories that they adopt in
their response to questions and answer patterns, their replies were personal, fragmentary, and
inconsistent, indicating apparent lack of coherent theories they had. second, it has also become
very clear that through the students' responses and answers to the questions that the answer is
largely related to the context of the question, and that the answer may change as soon as even a
small change occurs to the context of the question (She & Liao, 2010). Emphasizing this point,
Kaiser, Jonides, and Alexander (1986) have discovered, for example, that when a question
regarding objects moving along a curved path, many students answered that “water that comes out
of a bent hose is in the form of a straight line”. And the least answers were conveyed as “less than
a ball would come out of a curved tube in a straight line”. However, this criticism can be partially
addressed regarding interpretations of the misconception of questions that some experts consider
similar may be perceived by students as not alike, and as a result of this significant difference,
specific patterns in students' answers cannot be expected. In addition, there are many questions that
students answer incorrectly all the time due to the fact that they have incorrect ideas and beliefs for
these important questions. Also, in some cases, students provide wrong answers that give the
impression that the student does not have a strong and coherent valid theory capable of applying it
to the context of the question, even in light of the small changes that occur to the content and
structure of the question (Kaiser, Jonides& Alexander 1986). With those challenges of
misconceptions and difficulty to transfer scientific concepts to real life, the UAE faced the
challenge of not having enough undergraduates joining science and mathematics-intensive streams
in high school (< 5%) and choosing then to study STEM disciplines at university (< 30%) (Hitt et
al., 2014).



1.2.  Statement of the Problem

Despite eminent introduction of scientific fields in the higher education (HE)
sector, the undergraduate’s failure rates at these institutions remain high. This has
progressed problems in many countries such as hunger, disease, unemployment,
conflict, and environmental destruction which are growing at a frightening rate as per
a study by Krumm & Kimmie (2013).

The researcher’s experience in the career of physics teaching in the HE sectors at
the middle east, formed a major driver for this current study. The researcher rarely
found a high school or college student would prefer to study physics. Most students
were joining her classes with a prior perception of a difficult , complex, abstract
course. Students often felt that physics is not a relevant subject and has been studied
only to complete a requirement of graduation in scientific colleges. So, students will
be so tensed while taking the physics course trying not to fail the course and to
negatively affect their GPA. Students’ tension reflected negatively on instructors’
performance as per the researcher observations. Instructors will be teaching to cover
certain content knowledge while making sure that the students are able to pass the
exam and ignoring cognitive skills enhancement. That made physics classes to take
the form of theoretical lectures followed by pre-prepared recipes for practical
experiments conducted in laboratories. Eventually statistics and studies showed gaps
between what outcomes is the HE sector supposed to provide the employment market
with, and the actual outcomes of HE sectors not only in the middle east, but all over
the world as per the following literature.

The problems in the undergraduate sector were well tested in many contexts, and
the South African context was one context at which these growing problems resulted
from serious gaps in the three processes of teaching, learning and application of
science, and that is especially clear at physics ( Krumm & Kimmie, 2013)

Another study was carried out in the Chinese context. It studied meticulous 1,637
undergraduates throughout several long periods (Ding, Wei and Mollohan, 2016). The
students were from distinctive college levels, and diverse fields. Consequently, the

study revealed that there was little correlation between HE learning and critical
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thinking. This study made known the present state of HE institutes in China, and
recommended academics and researchers over the world to investigate this issue in
their own countries.

One of the many reasons causing the previously mentioned gaps in the HE sectors,
is the problem of individuals’ implicitly jumping to conclusions while thinking (Alfaro-
LeFevre, 2017). That often occurs when any individual tries to keep up with today’s
scientific and technological fast rhythm changing world. Alfaro-LeFevre, (2017)
described this problem as “Ready, fire, aim” problem (instead of “Ready, aim, fire”).
Indeed, this problem may lead to failure or cause disastrous results (Alfaro-LeFevre,
2017. p. 97). So, training individuals of the society to think things through in critical
manner became essential to cope with a fast pace. Yet, the 21st century learners are not
to be like machines programmed to perform tasks with set of instructions. Even the 21st
century machines and wireless networks are not going to jump to conclusions anymore.
The Artificial Intelligence (Al) development is the reason for that machine
transformation. For human reasoning, and in particular the scientific reasoning. With
regard to scientific and logical thinking, Kashyap (2021) has presented his theoretical
framework for this kind of important human thinking and reasoning patterns in life
through intuition by formalizing a wide range of assumptions, definitions, models, and
basic components in order to accept intelligence and its determinism as a proven fact in
the evolution and development of life for both the individual and society. This does not
mean that there is no relationship or correlation between events and outcomes, or that
there is nothing to understand once we as readers or students do not understand
something or do not see a connection between the events. As a result, this study raises
key questions in such cases and situations when things are not completely clear and
understood. That is, a set of clear questions and proposals related to increasing
intelligence and linking it to our intuition and actual experiences in life. Therefore, this
type of studies is constantly being accredited in academic and scientific institutions
around the world. More specifically, the topic of this study revolves around the theme
of human intelligence, as is the case with the concept of artificial intelligence, which is

applicable in machines. In this regard, it must be noted that there is a direct relationship
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between intelligence and curiosity, the more we stop curiosity or decreases it, the lower
the level of intelligence. Therefore, the level of intelligence occurs and increases due to
curiosity to know things (Kashyap, 2021). As also has been pointed out by some
authors, Boudreaux and others (2008), on the topic of national standards for science
education that the main goal of education is for man to develop a firm and concrete
understanding of science as a life-long process, and for science students to learn how to
learn and get developed through increasing knowledge of what they do not know. In
order to achieve this important and fundamental educational value, teachers must assist
students and raise their educational skills in order to enable students to reach the
conclusions and draw inferences by themselves via analysing the data available to
them. Accordingly, the results that can be accessed through this study can help and
assist to develop human capabilities in the society in which they live, so that the citizen
IS a conscious and intellectual person who can reach specific facts by analysing a
specific political or social reality from the data available to them about that a specific
reality. Thus, the participation of a real educated and responsible citizen, for example in
the political sphere, in matters of voting and choosing a specific candidate, is to deal
with them responsibly and consciously, without exercising any allegations and
fabrication in political discourse by the candidates who are willing to take up public
office (Boudreaux et al., 2008).

Originally, the term “decision” comes from a Latin verb meaning “to cut”. This phrase is
associated with words related to cutting and slitting (Adair 2019).The term “cut off”” means in the
context of the decision-making process, especially in the area of budgetary decisions, in terms of
the merits and demerits of various aspects of action (Adair 2019). It refers to the initial activity
of thinking such as when one gets to weigh up the cons and pros, and has to come up with the
action, such as getting out your check-book, followed by talking about delivery deadlines, etc. It
is a natural sequence of thinking that the person often follows in making decision. but giving it
the formal mould help in fixing and developing that pattern of thinking process. it will also be
easier to consciously notice if a step has been missing or performed without intention or with no

understanding. A classic 5-steps process that may be found helpful as a formal framework of
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thinking to decide effectively was suggested by (Adair 2019). The person expects that logically
these five steps need to be followed in strict sequence. But the human mind is not an artificial
machine. The notes may be connected in different sequences and different mental chords. So
thinking is not necessarily a tidy process, but it needs to be made with a sense of order. Studies
focus on decision making because people need to decide routinely during the day and these small
decisions are the ones accumulate to form the big decisions and they are smaller parts of the total
outcome(Adair, 2019).1t is worth identifying the point called by Adair, the Point of No Return
(PNR), at that point of the process of thinking , it costs you more to change your mind or to turn
back than to continue with a decision which you know now not to be a perfect one. In many
situations that require decision-making, the person or official in charge has a chance to manoeuvre
before making the final decision, so that the decision-maker has little time to change their mind.
When making a decision, the subconscious and the deep mind checks the decision again, either
by accepting and feeling satisfied, or by making one feels the need to review the decision before
it is too late, or completely make one change their mind about the topic related to the decision-
making situation (Adair 2019)

Faust and Meehl back in 1984, reviewed human cognitive limitations of scientific
reasoning and demonstrated that these limitations often lead to judgment errors. He
stated in the following,

“It is my belief, and | freely admit that it rests on faith, that through recognition and effort
we will be able to extend our reasoning capabilities. What is to be gained by such an
achievement is knowledge for its own sake and a greater capacity to predict and control
the events around us. When considering our capacity to use such powers in a consistently
just and humane fashion, however, my faith breaks down and | must acknowledge grave
concerns. Extending our cognitive capacities may make us smarter, but it will not

necessarily make us wiser or bring us closer to ethical perfection. It is my hope that, in
pursuing the apple, the latter goal will not be sacrificed.” (P. 165)

Addressing by that the importance of both SR and moral reasoning. How can the educational system
then, enhance such an important cognitive skill? the relation between problem solving and quantitative
reasoning skills studied in (Tanisli and Dur, 2018). The results of Tanisli and Dur study have shown
that exposing students to complex issue circumstances when conducting any session impact the
improvement of their quantitative reasoning. It is in this way vital to open students to problems
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that are rich in quantitative connections that urge students to consider numbers autonomously.
Considering the significance of the reasoning procedure as opposed to the outcome, a classroom
atmosphere in which students can express their ideas openly ought to be given, and students ought
to almost certainly examine "what's going on there?" In critical thinking, it ought to be guaranteed
that students focus on quantities and characterize quantities and quantitative connections in the
issue before the words (more, times, and so forth.). In this procedure, students ought to be urged to
utilize visual portrayals, for example, charts, tables, figures. Moreover, the study of (Tanisli and
Dur, 2018) recommended to think about the role of the course textbooks and if they bolster the

quantitative reasoning skill.

As per Drummond and Fischhoff (2017), non-scientists are affected by scientific innovations
and discoveries in their daily choices. Studies on communication reveal that social media, on the
minimum, could lead to a “spiral of silence,” in which people often end up sharing opinions only
if they expect that their audiences are ready to agree with them. It is true that the Internet, and
social media, can destroy the people’s best efforts and intentions of critical thinking.(Lack &
Rousseau, 2016).

SR is usually practiced whenever the person is faced by a situation where scientific evidence
needs to be assessed. That is clear when political debates take place, or deciding on taking a
pharmaceutical but not after reading its package insert, or when deciding on activities depend on
climate conditions, and also in expecting the economic effects of new healthcare law (Drummond
& Fischhoff, 2017) In order to know to what degree may individuals own and apply this cognitive
ability and because little is known about the skills which needed by the non-scientists to peruse and
assess scientific evidence; Drummond and Fischhoff (2017) built up an individual-difference scale
of SR skills (The skills expected to assess the elements which determine the quality of scientific
discoveries).Based on research in public comprehension of science, behavioural decision and
cognitive developmental psychology, Studying the individual-difference of SR of the American
population revealed broad variation in scientific knowledge (Drummond and Fischhoff 2015), and
sizeable portion of the population hold convictions inconsistent with scientific evidence. The
participants with the higher SRS scores hold convictions consistent with the scientific accord on
conceivably debatable issues, such as political and religious convictions, education , and scores on
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two broadly utilized measures of scientific literacy. They also performed better in a task to evaluate
scientific data. Drummond and Fischhoff ’s (2017) study recommend that the SR skills highly
contribute to the person responses to scientific arguments and scientific results. In analysing the
normalized gains in the Force Concept Inventory (FCI), Coletta & Steinert (2020) emphasized
considering LCTSR or the Scientific Ability Test (SAT) average scores, because these scores have
a high correlation with normalized gain in FCI, so, students’ abilities impact on the achieved gains
may be greater than the impact of the specific pedagogy used( Coletta & Steinert, 2020)

Studies such as the one by Lagubeau, Tecpan& Hernandez (2020) may form real
steps in exploring for solution to the stated problem. It was a pilot study of active
learning applied in introductory physics course in a public university at Chile. The
model was based on research, it depended on a literature review for careful selection
and construction of activities reliable to the levels of students' reasoning. The level of
SR found to positively correlate to student success. Lagubeau, Tecpan & Hernandezb
compared the failure rate post the intervention in experimental group with active
learning, and control group with traditional lectures. They detected a significant
reduction in failure rate for experimental group’s students, even though they do not yet
own formal SR. These students being the majority, Lagubeau, Tecpan& Hernandez
concluded that in the context of a developing country, applying active learning is
mainly appropriate to the first year of higher education. It suits the characteristics of
this context’s student and typical size of classroom, resulting in a reduction of academic
failure and improvement of learning, and at the same time the active learning approach

is financially sound.

In general, studies such as (Effendy et al., 2018) indicated that the approach of
science teaching used by the teacher is one of the major factors that can affect the
development of students' SR. the study also stated that the focus of the science teaching
in schooling years before the higher education is on the content knowledge. So, by
maximally involving them in the scientific approach, the maximum ability of students'
SR would be possible. There is a remarkable deficiency associated with the practical
education. That is, experimental practical education professors and specialists have not
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yet developed this science to use the highest levels of scientific methods that can
successfully stimulate and encourage the growth and development of sound scientific
thinking that can be viable and applied appropriately on the ground (Effendy et al.,
2018).

Speaking about the value of a good SR skills for health professionals as an
example; and according to several researchers (e.g.Bawazir, 2014; Haig, 2008) it is
vital to Make sense of what’s beyond their sense. So, for health sciences students it’s
crucial to embed scientific reasoning skills earlier during the undergraduate level. It has
been indicated also that critical thinking which found to correlate with scientific
reasoning abilities; is a key skill for clinical reasoning of health professionals (Bawazir,
2014; Haig, 2008). But Moore and Rubbo, (2012) indicated that; the attaining of
significant gain in SR entails a reconsideration of the traditional approach of physics
teaching for non-STEM majors. In line with Moore and Rubbo (2012) vision, Lawson
(2004) also suggested that the traditional teaching approach should be revisited and
replaced with an approach that is similar to science practice (Lawson, 2004). It was also
found that, the necessity for explicit instruction of scientific reasoning (Brandon &
Sibbratthie, 1996, Bao et al., 2009) and the taught topics sequencing are two factors
evident for its influence on developing the ability of students to reason scientifically
(Bao et al., 2009).

One of the studied approaches for its positive impact on the critical reasoning is
the one suggested by Golanbari and Garlikov (2008) in the engineering field, which is
called “the Socratic Method of teaching by systematic questioning”. Their conference
paper reports on the thoughtful and amiable use of the Socratic Method of teaching by
systematic questioning - replacing teaching by telling - to foster and emphasize critical
reasoning skills of students at the University of the Pacific (USA). The careful use of
the Socratic Method (in combination with active learning exercises and traditional
lectures) in several topics in engineering, statistics courses, projects and teaching
laboratories got the students actively involved, and became excited about the material

being taught and the projects and they better master course content and they learned to
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reason and think more clearly, relevantly, rationally, logically, and ethically. The use
and employment of the Socratic curriculum in the above-mentioned educational
regions, as mentioned by Golanbari and Garlykov, has greatly contributed to the
development of students' basic intellectual capabilities and skills, such as the ability to
make inferences and deductions through data collection, data analysis, formulation of
questions and assumptions and reaching logical conclusions and inferences. American

Society for Engineering Education

Explore-instruct approach is another non-traditional science teaching approach, it
resulted from several researchers’ efforts, such as Shwartz and Bransford (1998),
Mayer (2004) and Lorch et al. (2010), who began to investigate possible ways of
integrating problems’ exploration and teacher’s instruction to get benefits of both,
rather than using them separately as contrasting instructional designs. And researchers
in education and psychology who advocated that proposal, ended up with this explore-
instruct teaching approach ( e.g., Schwartz et al., 2011 and Kapur, 2012). In this
approach students are being asked to explore a problem, case or phenomena, before
being instructed, this teaching approach has been investigated by Loehr, Fyfe and
Rittle-Johnson (2014) for its effectiveness in mathematics problem solving, and the
students experienced it showed superior learning compared to the ones with the
instruct-solve approach. Therefore, considering the student to be the novice mind, and
the professional graduate to be the mature expert mind; the goal of this study will be to
investigate the suitability of explore-instruct teaching approach in accomplishing
successful transition from novice scientific thinker level — base evaluation of reasoning
on general common sense as per (Brandon & Sibbratthie, 1996) — to expert thinker

level who reason depending on scientific basement.

Dancy & Henderson (2010) found that, in spite of the success of the
“inform/convince/distribute”  strategy at producing initial pedagogy knowledge and
generating interest in change, it did not result in major changes in actual classroom
practice. There is a need for a model which accounts for the complications of an actual

classroom change. Based on Dancy & Henderson’s (2010) results, the needed model
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should focus on the high levels of reforms currently being made and focus also on
external challenges faced by the faculty when trying to implement research-based
strategies. But due to Dancy & Henderson (2010), change promotion in instructional
practices is poorly understood and complicated. It needs a careful research-based
attention similar to the one that has been paied to the development of -effective

pedagogies and curricula (Dancy & Henderson, 2010).

Thus, the current study carried out by the researcher to study the impact of
shifting from traditional (Instruct-solve) to new (explore-instruct) teaching approach on
college students’ scientific reasoning. It has been carried out for university students in
the United Arab Emirates.

1.3.  Purpose and Questions of the Research Study

The purpose of the proposed study is first, to investigate the impact of explore-
instruct teaching approach on college students’ scientific reasoning (SR) ability.
Second, to explore the perspectives of participating students who experienced El

regarding the impact of this teaching approach on the scientific reasoning ability.

The impact of explore-instruct approach is being compared to the impact of the
traditional teaching approach called by Paul (1993, p.304) “Mother Robin teaching”
and being referred to as “Instruct-solve” approach by (Loehr, Fyfe and Rittle-Johnson,
2014).

The instructional design model according to Obizoba (2015) consists of: analysis,
design, development, implementation, and evaluation stages. This research can be
considered a part of the analysis stage in the instructional design model. The process
which was declared by Leonard (2002) to enable the educational system to efficiently
exploit the available resources, such as instructors, educating technologies and
laboratories’ tools leading to the best possible outcomes. When taking decisions related
to science curriculum in the higher education institutes locally at the United Arab
Emirates UAE and internationally, the current study may offer supporting information
for educational policy makers. So, the study aims to:
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e Compare the impact of the new Explore-instruct teaching approach with the
traditional Instruct-solve teaching approach by comparing the gain in SR of the
students experiencing each teaching approach.

e EXxplore participating college students’ perceptions regarding the EIP.

e Offer recommendations and supporting data for instructors and educational policy

makers.
The research has been proposed to answer the following questions:

RQ 1. Is there a difference in college students’ (SRA) development if taught by
explore-instruct  teaching approach compared to the instruct-solve approach

(traditional approach) in Physics?

RQ 2. What are the perspectives of the college students regarding the explore-instruct
approach after experiencing it?

1.4.  OQutline of the thesis
The study includes after this introduction a literature review chapter with a suggested
theoretical framework, and related previous studies in topics of: Science Education in the college
level, some Instructional approaches start with exploration, inquiry and problems solving, followed
by articles in definition, elements, aspects, and styles of Scientific Reasoning (SR), articles about
the topic of SR versus common sense, topic of Science reasoning and teaching approaches, and

finally the SR assessment.

The methodology chapter then shows the context of the study and the utilized
instrumentation for the data collection and data analysis. That chapter also presented the ethical

considerations followed prior to and while conducting the research.

The fourth chapter is the one of the data analysis and results. That chapter started with
demographics’ description of the studied sample, followed by presenting the results of the
processed quantitative data. Starting with the reliability of LCTSR to the study . Internal validity
of the collected data was also presented, followed by descriptive statistics of the study variables
before and after the intervention. In addition to the inferential statistics to study the impact of the
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intervention, and finally the quantitative results were summarized. The qualitative data was then
presented, and email interviews were analysed into themes presented and summarized at the end

of this chapter.

Discussion of the results was the fifth chapter, in addition to discussing the data, limitations,
recommendations and future implications of the study were presented and finally the conclusion
of the study was presented. Bibliography list of references and Appendices are then at the end of

this work.

18



CHAPTER 2

THEORETICAL FRAMEWORK & LITERATURE REVIEW

2.1 Theoretical Framework

Reasoning is a good synonym for critical thinking because according to Alfaro-LeFevre
(2013) it implies deliberate, careful thought. Everyday reasoning is inductive reasoning. An
example of that, drawing inferences about the weather, or anticipating the taste of a meal or any
other form of an uncertain probabilistic, approximate reasoning. but the creative reasoning that
leads to a discovery is still considered a mystery as per expanding philosophical perceptions of
reasoning by Nersessian (2008)leaded him to preliminary conception that supports un-equating the
reasoning with logic. that is in addition to the beliefs of many Philosophers that the basic units in
dealing with theories are most often models and not propositional networks or trusted systems. but
how are these models facilitating reasoning about phenomena? Nersessian (2008)believes that
modelling practices themselves are parts of genuine reasoning, and many researchers believe that
creating new conceptual representations which occur as a result of good reasoning, happens mainly
through model building, manipulation, assessment, and adaptation. That is clear in contemporary
studies in pursuit, discovery, and application research in the sciences , a signature feature is the
different types of modelling, that is in addition to many philosophers agreed that the basic units in
working with theories for scientists are most often models, not propositional networks or axiomatic
systems (as cited in Nersessian (2008)). modelling usually comes first in building a theory as shown
in histories of the sciences, secondly comes formal expression and abstraction in proverbs and laws
of theories. Nersessian (2008) was not concerned much like other studies about the relations that
represent and link between models and targets, or about other pragmatism issues; She was instead
concerned about how can models facilitate and figure in reasoning about any phenomena. To prove
that practicing modelling comprise genuine has required that Nersessian develop philosophical
concepts of reasoning. Creative reasoning that is model based cannot be considered a simple recipe,
is not always useful to produce solutions, in addition to the fact that its most standard application
can produce incorrect solutions. To approve these model-based reasoning practices as reasoning
process; Nersessian have accordingly needed to confront the deeply rooted philosophical concept

that sees reasoning equal to logic. Even Though it is possible to get the same results of the process
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of model-based reasoning when means of logic is used instead but that possibility is available only
after the creative drive has been completed, so still the creative work or the discovery will not be
explained by this equating of reasoning with logic, and so leaving these processes a mystery.
Nersessian (2008) agreed with philosophers like Popper and Reichenbach that there is no “classical
logic of discovery” , but she disputed the equating of reasoning with logic. The concepts of
reasoning which philosophy has been adopting are too confined and upon adopting it emerged the
misguided view that reasoned processes cannot come up with discoveries according to Nersessian
(2008). Traditional philosophical versions of SR see it as logic-based: applying inductive or
deductive procedures to sets of proposals. Nersessian indicated that Deductive reasoning is
something based on deductive inference that represents the true standard for reaching real
conclusions. However, this good concept of logical reasoning does not apply to much scientific
practice. In fact, the "deductive hypothesis" involves generating the hypothesis and then testing the
inferential results associated with it. This hypothesis points out to an important truth, which is the
possibility of availing variances and some differences, and the necessity of acceptance of the truth
of science's error, especially with regard to setting initial hypotheses and formulating preliminary
introductions. However, logical thinking has genuinely contributed to the development of the
concept of safety for induction and established the logical position on the issue of the inductive
nature of scientific inference, which should be explained in broad terms, as shown in the current
Bayes' calculations, starting from the possible introductions and ending with the use of sound
inductive logic, which ultimately leads to the maximum possible conclusions as per Nersessian.
The thing that remains puzzling about this issue is how to determine the prior probabilities of a
given hypothesis. Creative inference is often called "abduction.” But in these cases, the nature of
the deductive processes of inference known as abduction is largely indeterminate. The deductive
processes of inference provide an effective means of determining the nature of inflationary thinking
in relation to inference, abduction. In addition, it helps in the issue of inductive reasoning
calculations by providing a real basis on which to determine the previous possibilities of hypotheses
that result from optimized analogue reasoning, such as the interpretation of Maxwell's hypothesis
that electromagnetic waves usually propagate at the speed of light. However, this model may be
loosely described at the present time as it represents a system with interacting parts and with

representations of those interactions. Model-based inference can also be studied by using
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conceptual, physical, mathematical, and computer models, or by some combinations of these
models._In this context, the conceptual models are dealt with by Nersessian. These conceptual
models are imaginary systems and patterns that are designed with the goal of serving as
behavioural, functional, or structural analogues to the target phenomena. It is also considered that
these models are dynamic, especially in future situations and conditions that can be identified by
simulating the model in a mental image. These various forms, analogue, visual and simulated, are
widely used to solve scientific and ordinary problems alike. These models are also used in a regular
or innovative and creative way. However, the uses of these models do not differ in terms of their
type, but they are in a continuum according to the historical cognitive calculation. And the use of
one side of the model leads to the importance of studying the other side, because a deep
examination of the model requires a deep study of the whole range. For instance, when using the
specified model in a practical and creative context, often the different representational methods are
exploited in one loop in order to solve the problems. As for the historical model, it is explained in
detail how Maxwell has created visual representations of imaginary analogue models that represent
aspects of a new conceptual system, which is known as the "electromagnetic field". These models
have been visualized and portrayed on the idea that they are dynamic models - as moving in time -
or in terms of visual perceptions of them being illustrated in clear text that leads the reader to how
to move them mentally. Reasoning has significantly helped build and manipulate the model in
deriving and developing theoretical hypotheses, mathematical equations, and experimental
predictions. In this regard, it can be claimed that by understanding the existing thinking framework
of these models that represent a new scientific model, how this has led to the development of

intellectual work carried out by model-based thinking across the spectrum (Nersessian, 2008)

Lawson (2004) has provided an explanation of how knowledge developed, as he agreed in principle
with Piaget in the process of intellectual development that requires self-organization by practicing
thinking, perseverance and working to comprehend the outputs of that process and then understand
its various divisions and procedures. Piaget (1976) has also added that the process of speculative
abstraction, as he calls it, has strengthened and developed this issue of comprehension.
Contemplative abstraction has well developed and moved from the stage of using automatic and

spontaneous verbal communication patterns to the stage of using clear and explicit rules of
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discourse by using verbal expressions to correct and direct behaviour. The reflexive abstraction
process usually occurs when individuals are asked to express contradictory reactions (using verbal
discourse markers such as: if then, but, any) and the resulting state of mental imbalance in the
matter of thinking about what these people do first and then what they present as well as their
arguments during their interaction in conversational situation with others later. So, we find that the
underlying reflexive abstraction is the presence of a contradiction in the physical environment and
what others say of words. The value and benefit of reflexive abstraction is that it benefits the person
and gains them more knowledge, awareness and perception, as well as the acquisition of stronger
skills regarding the procedures used in the development of knowledge, and thus expressive
knowledge and the procedures for such knowledge are divided (Lawson, 2004).
2.1.1 Adaptive Control of Thought (ACT) theory

In 1976, Dr. Anderson espoused a theory that represent the human cognition (Leonard,
2002). The cognitive architecture by ACT is the base of the below proposed framework of the
study. Dr. Anderson utilized his theory in two main directions of research; 1. The enhancement of
the ACT itself, 2. The application of the theory to create artificial learning systems for computers
programming and mathematics. Anderson calls application no.2 ACT-R. The theory states the
existence of three types of memory for the human mind. The declarative memory which is
responsible for storing ideas and facts in a semantic structure, and it is a long- term memory.
Another memory is the procedural memory which is also a long-term memory that takes the
production of the declarative memory and make logical inferences about it. Working memory is
the third type of memory and it is a short-term memory. The working memory is responsible for
the conscious thought, retrieving declarative knowledge, carries out action sequences found in
procedural memory, and it also receives the new information collected from the environment to

form new sequences (Anderson, 2009).

2.1.2 Phase sequence theory

The phase sequence theory was set by Donald O.Hebb in 1946 (Weitz et al., 2011)
showing that every new-born is born with random neuron interconnections. Along with the
development of the mind the neural networks will be organized. Hebb defined the cell assembly
to be a set of neurons linked together and it will be activated when experiencing an

environmental event. The cell assemblies’ sets also interconnect to form phase sequences. Cell
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assemblies that follow each other consequently in time form a phase sequence of thoughts that
follow a logical order.

2.1.3 Cognitive load theory

The Cognitive load theory discussed by Sweller (1988), Paas, Renkl & Sweller (2003) defines three
types of cognitive loads, these cognitive loads identify the capacity to process new information by
the learners’ working memory during the instruction stage. Intrinsic load; is the load results from
the unfamiliarity of the material or the complexity of it. Extraneous load: is the load that depends
on the quality of the instruction materials and tools, so better quality of instruction decreases this
load and makes more capacity available for the learning process reducing the third load which is
responsible for the learning (German load). The effects of a cognitive load provided the final,
logical explanation and justification for the cognitive load theory. When studying and examining
the effects of cognitive load, one should not lose sight of the issue of theoretical constructs that has
led to the emergence of these effects. The cognitive structure of the cognitive load theory should
also be used for the purpose of evaluating the potential effects of any educational intervention. The
main goal of these instructions, according to this cognitive structure, is to increase the cognitive
and perceptual vessel usable in the long-term memory, stored in the information store. In the long
term this saved memory helps in achieving the systematic work based on the ecological linkage.
This long-term memory helps also the person by actively participating in difficult or impossible
events and activities. The principle of "borrowing and organizing," which is the issue of obtaining
information from other people, is the best way to acquire knowledge. However, if it is not possible
to retain the knowledge in the long-term preserved memory, in this case the information available
in the working memory, which is often limited in terms of duration and capacity, should be
processed, especially when new information is dealt with similar to the principle of narrow change.
New information can be obtained during the problem-solving process according to randomness as
the principle of formation, but this issue requires working memory resources, and this is not
available for learning. In addition, educational procedures that do not meet the ambition to increase
knowledge at the level of long-term memory, at the same time while reducing any unnecessary
load on working memory, are likely to be ineffective. In this situation, we must not ignore human
perceptual knowledge when we design instructions, on the understanding that they will not be
additional or optional (Sweller 1988; Paas, Renkl & Sweller, 2003).
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2.1.4 Abductive theory of scientific method (ATOM) by Haig, (2005)

According to ATOM by Haig, (2005), scientific research runs as follow: “guided by evolving
research problems comprised of packages of empirical, conceptual, and methodological
constraints, sets of data are analysed to detect robust empirical regularities, or phenomena. Once
detected, these phenomena are explained by abductively inferring the existence of underlying
causal mechanisms. Here, abductive inference involves reasoning from claims about phenomena,
understood as presumed effects, to their theoretical explanation in terms of underlying causal
mechanisms” (Haig, 2008, p. 1019).

2.1.5 Proposed framework for the current study

The framework set by the researcher for this study (Figure 2), is combining the four
previously mentioned theories. The student’s mind is to be considered the one with the cognitive
architecture described by the ACT theory. When experiencing the traditional way of Instruct-—solve
(Gray squares’& Gray arrows’ sequence in Fig. (2) 1-7 follow the arrows’ direction) the student’s
working memory will try to upload the new information in the declarative memory. If needed later
the working memory will try to retrieve the declarative knowledge, and logically match it and save
it in the procedural memory when needed to apply it in practical situations or perform problem
solving. When experiencing the Explore-Instruct approach (blue sequence 1-9 follow the blue
arrows’ direction), the sequence will start at the working memory call for procedural information

during an inquiry or experiment performing (Explore phase).

= In case of previously stored procedural knowledge, the working memory will solve the
problem or execute the experiment utilizing the prior procedural knowledge (4) and if new
information produced out of that sequence it will also be restored as a procedural knowledge.
= |f prior knowledge was not fully found in the procedural memory, working memory will
utilize the available procedural knowledge and try to match the new received information
during the instruction phase (5-6-7), to solve and perform the inquiry activity, more cell

assemblies of logical matching will be formed because of such cognitive sequences.

Connecting what preceded with the cognitive load theory, the process of forming more

procedural memory sequences by the student during the exploring phase, and prior to the
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instruction; should increase the capacity for procedural learning (reduce German load) during the
instruction phase.

While experiencing the Explore-Instruct approach, more phase sequences that start with
procedural memory cell-assemblies formation are expected by the researcher to occur prior to
declarative cell-assemblies (Phase sequence theory), the thing that makes the explore-instruct
approach cognitively closer to the process of scientific way of thinking. According to the abductive
theory of scientific method (ATOM) by Haig, (2005) “phenomena serve the important function of
prompting the Search for their own understanding by constructing relevant explanatory theories”,
that is consistent with the explore-instruct, where the observation or natural phenomena is noticed
or experienced first (explore) and then the mind analyses it to reach a solution or an explanation,
ending up by elaboration and discussion of theories during the (instruction phase) lecture. And
empirical data by Fabby and Koenig (2015) suggested that the lower the students’ reasoning
abilities, the more dependence are them on basic recall of facts (declarative data) and simple

procedures in solving problems.
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Based on the previously proposed theoretical framework, which is supported by the
cognitive learning theories (students’ understanding),and with the assistant of constructivist
theories' teaching approaches (Barz & Achimas-Cadariu 2016); The researcher expects that; as
the teaching approach of explore-instruct make the students to experience more phase
sequences start with logical matching; SR mechanisms may then precede other cognitive
processes when experiencing daily life situations.

ACT-R Cognitive Architecture by John Anderson
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Figure 1. Anderson Cognitive Theory Architecture

2.1.5.1 Development of SR and nature of its synthesis
Lawson (2004) has given and articulated a good description of the development of

scientific thinking, the nature of its synthesis, and the importance of its pivotal role in the
acquisition of scientific knowledge. This scientific thinking is viewed as a systemic scientific
institution for generating hypothetical ideas and inferences that are based on premises of
research, development and testing of alternative explanations. The construction of logical

hypotheses and the testing of explanations are usually done by using a number of thinking



styles, both major and minor. Inference is a complex process, especially when it is at its highest
level, because scientific explanations generally include an assumption of entities that are
imperceptible. It also requires the availability of sub-arguments used in testing these
hypotheses, in order to link the hypothesis under test with its results that are extracted from the
available data. In fact, science is characterized by great and high accuracy and interpretations
of tests in nature are considered the correct way in which the brain processes information
automatically, whether by visual recognition of objects or by testing descriptive and causal
hypotheses on daily basis, or by testing advanced theories. The main point in this topic relates
to building complex HD arguments is that if concepts are not divided and / or subtypes of
inference are not used adequately, any attempt to build and maintain these arguments within
the framework of working memory and use them for the purpose of drawing conclusions and
building concepts, will thus be lost. As a result, teachers should realize the importance of what
students bring with them in relation to the different stages of their intellectual development.
Add to this the importance of apprehending declarative knowledge of scientific thinking. The
importance of meaningful and active education lies in practicing various forms of science,
where students face challenges represented in having buzzling notes and then begin to
participate in explaining their contexts and testing hypotheses - and here some of their ideas

may conflict with the evidence and arguments presented by other students. (Lawson, 2004).
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“Phase Sequence Theory” Hebb 1946
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Figure 2. Theoretical framework for the proposed study.
2.1.5.2 Reasoning Mechanisms in the Artificial Intelligence field

The cognitive frameworks and the inferences associated with them were discussed by
Qadir (2016), The mechanisms by which the obtained data and the learned knowledge are being
related, are called the inference mechanisms. These inference mechanisms happen as, and
represented by reasoning mechanisms, which are typical part of the cognitive procedures.
Developing cognitive networking in the artificial as well as in the natural intelligence face the
challenge of developing reasoning. Reasoning mechanisms are showed by Qadir (2016) to be
different from one context to the other. So, reasoning procedures in any scientific field will not
fit the cognitive networking field. In the radio cognitive networking, it is possible to simulate a
form of the perceptual radio architecture identifying many different perceptions. In fact, the
different cognitive structures include a group of different approaches within the cognitive cycle,
which confirms their profound impact on the human thinking process. Generally, cognitive
templates are classified as either basic or stemming from the unified theory of the cognitive
process, and the basic elements that make it up may be communicative, symbolic, or mixed.
Also, for example, the cognitive frameworks that emerged from the unified theory of perception
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could be simple. The processes of Orient Control, Decision Making (OODA), Criticism,
Exploration, Comparison and Adaptation (CECA) may all be complex, and this is embodied,
for example, in SOAR, Storm, and ACT-R. The implementation of any specific knowledge
framework is directly reflected in the logic associated with the interior framework. The OODA
framework, for example, depends on the nature of the feedback loop to model adaptations
related to changing environmental conditions. The logic in the decision-making process
includes identifying all the available changes in the configuration of devices, and then
determining the best option to meet the challenges surrounding the new situation, and then
making necessary changes to reconfigure the devices within the framework of a constant
feedback loop. Originally, this cognitive framework was developed by the US Department of
Defence with the aim of describing the methodology used by US combat pilots during wars and
air combat. This framework is also applicable to interactive situations. It also extends CECA's
framework for OODA to appropriately describe the proactive decision-making process. In this
context, logic depends on social cognitive awareness, which is a combination of multiple
entities working to solve complex problems. In addition, this framework does not rely on
interactive external observations, but rather focuses primarily on proactive situations that are
targeted towards a specific goal. All OODA and CECA frameworks are applicable to all
frameworks of different cognitive radio networks. Normally, the SOAR framework consists of
a complex and robust package of programs specifically designed to approximate rational
behaviour. It also extends the SOAR framework to the development of cognitive architectures
that are synthesized from a biological perspective (BICA) and at the same time suited to
cognitive radio network applications. Finally, theories are framed within the ACT-R framework
according to the way human cognition functions, allowing users to represent tasks and measure
time to perform tasks accurately and dynamically. This matter has potential application in the
decision-making process within cognitive radio networks. Generally, this section has focused
on inferences with their various possible types, methods and perceptions within the framework
of specific practical applications for learning and thinking within the context of artificial
intelligence (Qadir, 2016).

2.2 Literature review
Curricula and handbooks for teaching science subjects taught by faculty members of

colleges, and other higher education institutions that teach a wide range of natural sciences

subjects, have been developed and updated, including the courses offered by traditional
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departments that teach biology, chemistry, physics, earth and space sciences, and also in new
departments of health sciences, Computer, Engineering, and Information Technology (Mintzes,
2006).Contemporary Educational research even provided models of teaching and learning
which are more than conventional lecture-laboratory design and offered rationales for these
new practices in the college classes. Experienced faculties studied and wrote about different
areas in the college science teaching such as active learning, innovative teaching methods,
impacting learning, attitudes and motivations including science anxiety, the utilization of
technology, and special challenges that emerges in college science teaching, challenges like
effectively teaching culturally diverse classes or teaching students of determination (Mintzes,
2006), and recently the challenge of effectively teaching remotely online because of pandemic

circumstances.

2.2.1 Science Education in the college level

When teaching life sciences to undergraduates; one would think of a teaching approach
that prepare them for future career and future learning. In a society which is invaded with
rapidly growing technology; the traditional teaching methods need to be revisited to evaluate
its suitability to deal with the modern society compared to alternative approaches that proposed
based on available learning theories (Spector et al. 2013, p. 7). Lewis Wolpert (1994) in his book
showed that achievements of early technology is not science, it is problem-solving based on
experience and common sense. And science did nothing to aid technology until the 19" century.
And it has always been dependent on technology for apparatus and ideas. Wolpert presented
the case of the Japanese industry which made people think about its achieved success and found
that it was mainly based on its ability to apply science. Emphasizing the importance of science
education in today's rapidly growing world in all different aspects of life, it was indicated by
Wolpert that the goal of science education is not only limited to helping students acquire basic
concepts related to each of these sciences, but rather goes beyond that limit to prepare students
and raise their intellectual abilities and skills in order to accomplish more complex tasks in
addition to providing them with the basic means to solve problems through data collection and
analysis using advanced hypotheses and scientific research tools such as induction and
deduction as effective tools to reach logical scientific results. Thus, we find that the study of
science education has attracted scientists and science students to use scientific thinking in order
to solve the real problems facing humanity in various walks of life Wolpert (1994). And as per

Yuliantiand others (2020) one of the major goals of advanced education is to prepare students
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well and appropriately with the necessary skills and abilities required in the future. This is
because advanced education offers an excellent opportunity to use logical thinking based on
drawing inferences through case studies. Moreover, this advanced education can stimulate
students' motivation permanently and continuously to invoke logical scientific thinking in
discussing various issues. In particular, if students choose science-based colleges especially
with the highest classification that require their students to pay great attention to the promotion
of their scientific thinking, which these colleges assume on all their students. In this context,
the Lawson Test that closely linked to scientific thinking (LCTSR) was used on a group of
Chinese students estimated at 1,637 students who are enrolled in long-term studies and affiliated
with different and varied fields and colleges of study and have high academic levels. The result
of this test was that it was discovered that the logical thinking performed on these students
showed little variation over the four long periods of teaching these university students, and that
there is little relationship between college-level learning and the level of scientific thinking of
these students. Unfortunately, this test illustrates the fact that the current environment of higher
education institutions does not develop students' innovative intellectual and creative abilities
and skills. Therefore, the result of this test urges all those interested in developing higher
education in the context of developing logical scientific thinking around the world to investigate
this problem and work immediately to solve and promote the level of higher education
institutions in their countries, given that the development of scientific thinking represents the

cornerstone of the teaching and scientific research process (Yulianti et al., 2020).

So, thinking about applying science to life in the UAE context, educators should consider
understanding science in real life context and consequently relating real life phenomena to
science while teaching (Bao et. al., 2009). Boudreaux et al. (2008) has criticized the teaching
of science courses as being taught in a traditional manner as mere a set of standard techniques
that students should only memorize and follow as such. This traditional science teaching style
according to Boudreaux and others, tends to have control over variables. In this case, students'
intellectual and creative abilities are stifling and restricted and thus they are unable to
comprehend and follow the steps in the work of logical thinking process in order to deal with

circumstances that differ from the examples presented in the course.

While depending on a scientific approach in learning, the area of dominance (affective),
converts the substantive teaching material or substance so that students "know why." Then the

(psychomotor), or the skill area, takes the conversion of the teaching material to enable the
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students to "know how". The (cognitive) domain of knowledge uses the transformation of
teaching material to enable the student to "know what." The final outcome will be the progress
and sense of balance between the competence to be a human being having the knowledge and
skills to live appropriately (hard skills ) and a good human (soft skills) with aspects of good
attitude. (Effendy et al., 2018, p.505)

In the recent century, an emphasize has been put on the students’ understanding of scientific
reasoning and the nature of science. That found to be necessary to educate qualified people in
the society. That is viable via application of effective science teaching in the classrooms. And
the process of teaching science subjects effectively can only take place as per Yuksel (2019)
through students getting acquainted with the nature of the scientific thinking models of
scientists and using these models themselves in order to comprehend the nature of the sciences
they study. In this regard, the subject teachers of these sciences should provide a good
explanation to their students about the basic scientific thinking patterns, and how to use these
patterns of thinking while dealing with their respective subjects. The scientific thinking
approach is employed to reach logical and acceptable answers to scientific questions, as well
as to use these patterns in explaining the observable and unobservable contexts. Thus, the use
of scientific thinking patterns by students will inevitably provide a better understanding of the
nature of science (Yuksel, 2019). Therefore, in order for students to be able to properly use the
different scientific thinking patterns during their study of the nature of science, the curricula
must be reviewed in a manner consistent with achieving this goal, bearing in mind the
impossibility of excluding the computational and mathematical thinking (Dobhansky, 1973). It
is of great importance, in this context, when reviewing the curricula of science subjects that
special priority must be given to the theories and analogue models because they represent the
cornerstone of these sciences, i.e., they explain the cognitive nature of these sciences. It is also
necessary to review and address the evolutionary calculations of the origins and types of the
universe, the stars, and other species, in order to familiarize students with one of the most
important types of evolutionary scientific thinking models, an example of this in the case of
self-development observed by Dubhansky in biology, by indicating that there is nothing logical
in this science is only in light of evolution (Dobhansky, 1973). The second vital issue that
should be addressed regarding the need for students to understand and use the patterns of
scientific thinking is that this thinking provides a rationale in the teaching of school sciences
and thus we can bypass the dominance of focusing on the content of the teaching material that
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it is at the expense of developing scientific thinking, noting that teaching the content of the
course described in the curriculum is considered the basic organizational framework in defining
the curriculum (Kind & Osborne, 2017). Moreover, Kind and Osborne, (2017) indicated that,
in today's world that scientific knowledge is in a state of continuous increase, which places an
additional burden on school curricula. However, in fact, the primary goal in developing school
curricula must be for the curriculum to be a means of introducing students to the six main
patterns of scientific thinking and the need to use them in solving problems facing students
inside or outside classrooms, so that students can use scientific thinking as an educational and

cultural logic to understand the nature of science.(Kind & Osborne, 2017)

The recommended characteristics and skills needed by the 21% science
graduate, are all correlated to the challenges and problems which will be
encountered in the contemporary life and society (Spector et al. 2013). It has been
widely argued that the complexity of those problems encountered by the 21%' society
has increased because of the advance in technology, and due to globalization and the
rapid change of circumstances surrounding these problems. That requires the
education system to focus on improving problems solving skills of the students and
to consider them as a central objective to be accomplished (Spector et al. 2013).
Major question that needs to be answered then, is what are the sources of complexity
in most of those problems? According to Michael Spector (Spector et al. 2013) some
sources are related to the level of challenge of the problem itself, because modern
science widens the distance between science and common sense (Redekop, B.,
2009) and we are not good in making sense of things which are very small (the atom
and the cell) or very big (the earth and the universe) that the new technology deals
with. So, the advance technology made the problems people encountering more
challenging.

Other sources of problems complexity are related to the person involved in
solving those problems, sources such as the person’s prior knowledge and
background, also the person’s distracting matters if there are any, and the limitations
which are encountered during human reasoning when delayed results or non-linear
relationships are included in the problems as per (Ddrner, 1996). Prior knowledge
was tested as an intervening factor between Epistemological commitment and

Scientific Reasoning when the last two checked for having relationship among
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college students in a study by (Zeineddin & Abd-El-Khalick, 2010). Results of this
study proved the believe that epistemological commitment delineate the process of
reasoning and showed that the higher the epistemological commitment the higher is
the quality of reasoning, though Prior knowledge only impacted reasoning when
epistemological commitment was week. Thinking of a combination of the formerly
mentioned limitations in human reasoning, and the increased complexity of the
modern problems; one would recognize the need for educational pedagogies with
characteristics, to enhance the problem-solving process in contemporary society and
contribute to academic and everyday life success. One of the primary goals of the
educational process is to develop students' thinking abilities. The study of Lawson
(1985) examines and reviews the role of science and developmental psychology
education programs that seek to assess the validity of official thinking and its
relationship to the educational field, by examining Piaget's theory. In this regard,
there is a question that arises that needs to be answered by us, namely, should one of
the main goals of school education be to produce formal thinkers? To answer this
question, there are other six secondary questions as per Lawson that present
themselves in the following context: First, what is the role of biological maturity in
developing formal thinking? Second, are the formal functions and tasks of Piaget
theory valid and reliable? Third, has the issue of formal thinking represent a general
and unified pattern of intellectual performance? Fourth, what is the effect of the
presence or absence of formal thinking on the issue of students’ academic
achievement? Fifth, is it possible to teach formal thinking to students? Sixth: What
is the functional or structural nature of advanced formal thinking? Finally, the study
has reached a general conclusion that although Piaget's theoretical framework
review and what emerged from it leave a number of methodological and theoretical
problems that have not been solved, the study has significantly contributed to
creating a solid background on which to base the achievement of qualitative
progress in the educational process that is centred around scientific reasoning,
whereby we can thus develop in all aspects of life, more specifically through
thinking, we can constitute the doctrine of morality (Lawson, 1985). In fact, the
development of thinking in general, and in particular scientific thinking, and the

capacities of argumentation are among the most important goals of teaching science



subjects. Scientific thinking and argumentation skills are applied through the
participation of students in activities that require the integration of inquiries with
scientific methods in scientific social contexts (Putri et al., 2020). In this regard, the
Inquiry Levels model is considered one of the effective tools and methods in the
emergence and development of the scientific environment for students based on
thinking and dialectical abilities. The inquiry levels model adopted by Putri, and
others research is the learning method by exploring, inquiring and interactive
explanation. Also, Putri and colleagues found that in any stage of the levels of
inquiry there are five educational structures, known specifically as observation,
manipulation, generalization, verification, and application respectively. The aim of
the study is to identify the capabilities of primary school students in using scientific
thinking and controversial abilities in solving problems by applying the inquiry
levels model based on the SSI perspective in the material of global warming
pertaining to science education. The approach used in the lesson was the weak trial
method in addition to the pre and post-test design. The surveyed sample consists of
seventh grade students in the primary school. The tool used in the test was scientific
thinking and the test of scientific arguments. The results of Putri and others’ study
have shown an increase of 0.43 for changes in students 'scientific thinking skills, as
well as an increase of 0.39 percentage for changes in students' dialectical abilities.
The results of that study have also indicated that there was a significant difference
between the results of the pre and post-test, according to the analysis of the t-test for

the double sample (Putri, Siahaan and Hernani 2020).

Although the levels of scientific thinking among higher education students are higher in
the different fields and disciplines of science and engineering compared to other university
majors, there is a relative stability in the level of thinking skills of students that was measured
by the LCTSR pattern, and this is in approximately the four levels of higher education, which
it has become a recurring pattern for all student majors at the undergraduate levels. It is also
worth mentioning, in the context of this topic, that there are results of studies conducted in
China indicating that higher education does not have a noticeable effect on the development of
students' level of scientific thinking, regardless of the students’ specializations and the
university or college to which they belong (Ding et al., 2016). The acquisition of laboratory
capabilities and skills is one of the key tools for developing scientific and research thinking
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skills among science students in general and an essential part in providing knowledge for
students as in Ortega and others (2019), as the laboratory experiments conducted by these
students help in understanding the uncertainty in the issue of experimental measurements.
Despite the importance of developing the laboratory capabilities of science students to
comprehend the nature of the applied dimension of these disciplines, science students, even
when they are in their final university years, are still immature in dealing with laboratory
experiments from the perspective of employing sound scientific thinking pattern, despite the
fact that scientific thinking is an issue that is natural and innate in humans. One of the reasons
for the lack of understanding and development of laboratory capabilities may be attributed to
the way in which the methods of approaching these laboratory exercises are designed, as
laboratory experiments should ensure that the theoretical aspect that was previously explained
in the classroom is understood. To bridge the gap between theoretical teaching and laboratory
experiments, Ortega and others propose in their study a method of learning, namely the Inquiry-
based Learning (IBL) approach. Under this approach, students are expected to work on the
application of FTIR method as well as to use special thermodynamic concepts in order to study
the equilibrium process of formation of H-linked benzoic acid dimers in solvents with different
polarity (Ortega et al., 2019).

Unfortunately, it was found that the development in the issue of scientific
thinking occurs slowly, as the focus in teaching science subjects is still limited to the
cognitive aspect that relies on memorization and comprehension of the subject
matter only, instead of paying attention to the development of reasoning and
analytical skills that are considered fundamental to scientific thinking (Kind &
Osborne, 2017; Piekny & Maehler, 2013). In addition, laboratory experiments have
not been used properly and effectively in the development of scientific thinking
among students, as students spend more time in collecting data and following up on
the implementation of procedures instead of taking advantage of that time in
analysing, discussing, and drawing conclusions from collecting such data. There is
also another problem associated with the use of inquiry as a mode of teaching, as it
is not relied on its philosophical and theoretical foundation on which it is established
(Erlina et al., 2018). The inquiry model is originally used by teachers to build the
knowledgebase in students, and also aimed to contribute to the development of free

thinking in these students. However, Erlina and others found, that free thinking takes



the inquiry away from achieving its basic goal, and then leads it to the testing of
hypotheses instead of playing its major role in setting hypotheses (Erlina et al.,
2018).

In order for the United Arab Emirates to maintain a competitive advantage in
the higher education sector as an attractive educational hub for students from various
countries of the region and to be able to achieve the sustainability of its educational
institutions, some important educational issues should be addressed. A pressing
issue in this regard is to focus on the question of quality assurance in education. That
is, higher education institutions must focus first and foremost on the quality of the
educational service provided to their students, rather than focusing on the number of
enrolments and graduates from these institutions as well as increasing the number of
their entities. To restrict the rapid growth in the number of new private academic
institutions, research should be conducted on the needs of the labour marketplace
before approval of any new academic institution to work in the field of education.
This is very important because the private education sector is the main resource and
supply for the higher education sector in the UAE (Ashour & Fatima, 2016). Thus,
restrictions should be put in place for the private educational sector related to
ensuring the quality and keeping pace with educational programs that comply with
international standards in education. The quality academic service provided by this
sector can definitely assist our colleges and universities to meet the requirements of
the labour market through qualified graduates in both the government and private
sectors (Ashour & Fatima, 2016). If these issues are addressed properly, the UAE
can achieve advanced positions in the ranking of international reports in the field of
competitiveness among the different universities of the world, and most importantly,
the UAE can better invest in human capital through quality education, which
represents the backbone in achieving sustainable development, which represents the

strategic goal to the state (Ashour & Fatima, 2016).

Howard et al. (1995) have argued that providing professional advice by experts due to
their accumulation of expertise to businesses regarding the selection of employees to fill in
vacancies is no longer sufficient at the present-day business world to ensure the success of these
businesses, despite the correlation between employees’ adaptability and the success of

institutions. Thus, the immediate objective in researching this topic in the study of Lepine and
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colleagues is to attempt to achieve some development in the issue of adaptability in relation to
organizational success. Lepine and others’ paper examines the relationships between three
known individual differences, namely general cognitive ability, conscience, and openness to
experience, and then the paper continues to investigate the process of performing decision-
making before and after an unexpected change occurs in the stages of achieving this task.
Aligned with the objective of Lepine and others’ study, some researchers point out that the
performance of decision-making prior to the change represents the performance in the context
of a steady task, and the performance of decision-making after the change is an indicator of the
type of adaptive capacity required in modern businesses. Lepine and others’ study actively
sought to provide an effective and visionary insight on the significance of adaptability, as they
made an effort whether it is possible to predict the ability to adapt in the issue of decision-
making performance by using the types of individual differences when new employees are
selected. It was concluded that openness, and conscience can indeed be used to predict
adaptability. In fact, Lepine and others found that there is more power to predict adaptability
compared to decision-making performance before an unexpected change occurs. The surprising
thing is that Lepine and colleague found that there is a negative relationship between
adaptability and conscientiousness. Unfortunately, this reverse relationship constitutes an
obstacle to maintain the adaptability for a business that is established on a systematic criterion.
However, the results of this study can only be generalized after being tested on a global level.
On the whole, Lepine and others wish their study will act as a catalyst in further research on
how to manage effectively human resources in the dynamic environments that operate in today's
world (Lepine et al., 2000).

2.2.1.1 The Nature of physics as a foundation subject in collage.
Physics content is seen by students as an abstract complex subject, and it is logically

sophisticated (Bao et. al., 2009). Redish (1994) stated the requirements of Physics that makes
it seen difficult by the students:

“Physics as a discipline requires learners to employ a variety of modalities ( methods
of understanding) and to translate from one to the other-words, tables of numbers,
graphs, equations, diagrams, maps. Physics requires the ability to use algebra and
geometry, and to go from the specific to the general and back. This makes learning
physics particularly difficult for many students. One of our goals should be to have
our students understand this, be able to identify their own strengths and weaknesses,
and while building on the former, strengthen the latter” (p.801)

11



Redish also describe an analogy used by students to learn Physics called “the dead
leaves model” where he stated:

“...itis as if physics were a collection of equations on fallen leaves. One might hold
S= %gtz, another F = ma and a third F = —kx. The only thing one needs to do

when solving a problem is to flip through one’s collection of leaves, until one finds
the appropriate equation” (p. 799)

But as per Rusli (2012); and due to the nature of the contemporary
knowledge community which based upon science; The basic physics lectures may
lend themselves usefully for developing the scientific thinking of the students. That
is expected because according to Schuster and others (2007) during teaching Physics
problem solving, the learners apply the physics’ principals by passing over the
worked-out solutions and that reflects the richness of the learner’s
thinking when tackling real-life issues. And as an experimental science, Physics
surrendered itself to the natural enhancement of the hypothetic-deductive reasoning;
this reasoning is widely used in science practice and it involves utilizing a
hypothesis to explain observed facts, designing an experiment and predict its
outcomes using the proposed hypothesis, carrying the experiment out and then
compare the outcomes with the predictions and accordingly accept or reject the
hypothesis (Etkina et al., 2007).

2.2.2 Instructional approaches start with exploration and inquiry.

Instructional strategies are the techniques used by the teachers to enhance students’
independence, and strategic learning (Alberta learning, 2002). When students select the
appropriate strategies independently and utilize them efficiently to achieve assignments or
meet objectives, these strategies become learning strategies. Effective learning and instruction
strategies can accommodate a variety of students’ differences and can also be used throughout
subject areas and grade levels (Alberta learning, 2002).

Think—pair-share is an exploration cooperative learning strategy. In that strategy, the
teacher poses question or a topic. Students individually think about the posed question for a
certain period of time, often one to three minutes. students then pair with partners to discuss
the problem, and accordingly clarify their thoughts. Then, each pair may share their answers

with the whole class. (Alberta learning, 2002)
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As per Fyfe, DeCaro, and Rittle-Johnson (2014), good amount of evidence is in
favour of delaying the instruction for a better performance. And the approaches of
teaching which depend on cognitive theories are found to be more enhancing to
scientific reasoning skills than the ones that relate to the behaviourism or the
constructivism  (Leonard, 2002). And according to Lawson (2004), The key
implication is that teachers should teach using methods that enable students to
develop the essential reasoning abilities if they hope to assist their students to
become scientifically literate. In brief, instruction should not “fit” students’ recent
cognitive developmental levels only, but it should also trigger students to improve to
higher levels. The evidence has shown that the best way to achieve this, is to teach
science the same way science is performed, as a process of critical thinking and
inquiry in which the assumptions are generated freely and tested rigorously. Three
learning approaches from the cognitive school which delay the instruction phase
were described by Yilmaz (2011), these are inquiry learning, discovery learning and
problem —based learning (PBL).

2.2.2.1 Inquiry-based learning (IBL)

According to Gillani (2010) IBL is a type of learning that incites a teaching
approach that depends on Piaget’s theory of cognitive development. It appears to be
similar to scientific exploration method. The main goal of this teaching method is to
develop the higher-order thinking skill (Gillani, 2010). The students are being
engaged in a process of finding a solution for a problem or investigating an issue.
Combinational ~ reasoning,  propositional  reasoning and  hypothetical-deductive
reasoning are three types of reasoning support this teaching method (Gillani, 2010).
Combinational reasoning requires examining different issues simultaneously to
solve a problem. Propositional reasoning involves an examination of assumption to
solve problems. Hypothetical-deductive reasoning entails a hypothesis to be
considered to address a problem. Gillani (2003) also indicated five phases for IBL:
“l. Phase One: Puzzlement or intellectual confrontation by presenting students with
the problem to create a state of disequilibrium in their mind.2. Phase Two: Students
will hypothesize a reason for the puzzlement.3. Phase Three: Students will gather
new information in regard to the hypothesis. Then they isolate relevant information
and organize it based on some core concept or theme.4. Phase Four: Students
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analyse the data they have gathered and organized, and they postulate a possible
answer for the hypothesis, which explains the original puzzlement.5. Phase Five:
Students test their hypothesis as a possible answer” (Gillani 2003, pp. 60-61)

Leonard (2002) also showed that IBL is based upon five principles: 1. a
driving question to be provided, 2. Group work to solve the question, 3. Learners
present a work that shows their understanding of the issue, 4. Learners extend their
contact to include scientist exploring the same issue, 5. Communication of
information to be shared by the group via electronic network. In total, Lazonder and
Wiskerke-Drost, (2015) indicated that the science teachers may effectively utilize
inquiry-based methodologies to help students learn topics of science. However, that
can effectively be achieved only if children or students are effectively guided, and
the guided methods studied in Lazonder and Wiskerke-Drost (2015) research proved
better to unguided inquiry-based methods. And both IBL methods of Control of
Variables Strategy (CVS) and the inquiry method, were found to be similarly
effective, the choice is up to the personal preferences or up to the practical
considerations. So, the instructor can either offer the inquiry first and support it by
dividing the task in convenient subtasks to help the students focus on the variables
one by one, or the instructor may teach the students the fundamentals of the CVS
before providing the inquiry task. Both teaching methods were found to enable the
students to obtain better conclusions and consequently gain a better understanding of
the topic. Added to that, both methods also assist students to practice their scientific
reasoning skills and strengthen it, the thing that has been considered by lots of
countries world-wide to be a key competency (Lazonder & Wiskerke-Drost, 2015).

2.2.2.2 Discovery learning

The discovery learning model is one of the constructivism theories models which
indicates that students build their knowledge via an environmental interaction or through an
experimental activity. The constructivist theories are more effective in developing the
conceptual understanding and SR of people than the other learning theories (Jensen & Lawson,
2011, Wuriyudani et al., 2018). Discovery learning involves conscious reasoning to find a new
knowledge that students have not been learning it. This learning style may encourage students
to process data or hypotheses actively and competently, and to summarize problems (Piaget,
1973).
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The report of “The Vision and Change” has put emphasis on teaching science as science
practicing. Learning of science should not only focus on the content, but also focus on the
scientific process of thinking (Vision and Change in Undergraduate Biology Education: A Call
To Action. 2011). Performing Problem solving from the perspective of a discovery-learning is
how learners acquire knowledge of principles under focus in classrooms (Leonard, D. 2002).
So, the cognitive skill of reasoning is a major skill underpinning problem solving, and its
importance extends far beyond a particular discipline to be the backbone of the quantitative
research paradigm in any area (Sharp et al., 2011). This cognitive skill is selected to be the
dependent variable in the proposed study.
2.2.2.3 Problem-based learning (PBL)

PBL entails presenting students with, open-ended, ill structure or real-life
problem that has many possible right solutions and asking them to find solutions to
the problem. opposing the traditional teaching method that teaches facts first and
then present the problem, this approach begins by introducing the problem on the
basis of the students’ existing knowledge and teaches in a relevant context the facts
and skills (Yilmaz, 2011). According to Bransford & Schwartz (1998); it is
challenging for the teachers to share with the novices (students) the experts’
knowledge that is delivered in the lectures. But they found it to be easier when
sharing the same knowledge with an expert. So, the idea beyond allowing the
students to experience the problem first, is also to raise the level of the students’
expertise, which allow for more precise acquiring of information, and consequently
ground the bases for enhancing other activities such as generating questions,
elaborating and learning (Bransford & Schwartz, 1998). Problem solving from a
perspective of organizational learning is also related to efficient decision making
(Leonard, 2002). Dunker (1945) who is considered a key researcher in problem
solving; defined the problem as “a situation in which a desired goal cannot be
attained by direct application of known operators, and so there has to be recourse to
thinking” (Holyoak & Morrison, 2005, p.345). So, it was concluded from Dunker
definition that human practice problem solving through carrying on different
deductive or inductive reasoning activities and decision making (Holyoak &
Morrison, 2005).
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2.2.3 Explore-Instruct teaching approach

In the current study, a teaching approach which is to be utilized for teaching
both major and non-major students is being looked for. So, the interest is toward
raising cognitive skills of reasoning more than enhancing students’ acquiring of very
specialized content, which may be an objective when teaching major students. Also,
regarding the spent learning time, the targeted non-major students are to learn the
basics of the subject in a limited time of one semester (3.5 months). Therefore, due
to the non-physics major context; the researcher looked for instructional designs
which fit the case, and at the same time a teaching strategy that makes the student
more active while promoting creative scientific thinking. Ersoy and Baser (2014)
concluded that not like the conventional teaching strategies, PBL procedures has a
commitment to the improvement of students’ creative thinking aptitudes and they
build the expertise of the person's creative thinking which is one of the higher-order
thinking abilities. This achieved point is so vital as particularly these days there is an
urgent need for people having the capacity to think creatively. Therefore, the
proposed pedagogy may be of the active learning ones such as; cooperative
discovery, IBL or PBL. And based on the theoretical framework demonstrated in
figure (2); the explore-instruct teaching approach which is considered a cooperative
IBL and PBL strategy has been chosen here to be studied for its impact on SR of the
college students. The explore-instruct approach is a result of several researchers’
efforts like Shwartz and Bransford (1998), Mayer (2004) and Lorch et al. (2010),
who began to investigate possible ways of integrating "exploring problems” and
“instruction” to get the best benefits of each, rather than using them separately as
contrasting instructional  strategies. Eventually researchers in  education and
psychology who followed that proposal, ended up with this explore-instruct teaching
approach (Schwartz et al.,, 2011; Kapur, 2012). The classroom standards essential
for good-functioning Physics Education Research-based instruction are shown by
Dancy and Henderson (2010) to be: hands-on activities, student-student interaction,
equity in teacher-student interactions, in addition to sense making over answer
making (Dancy & Henderson, 2010)

Diagram of Explore-instruct strategy is presented in Figure 3 to show the
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following components of EI teaching strategy that had been studied in the

current study:

1- Students Explore questions, problems or issues provided by the
instructor and aligned with on or more learning outcome of the lesson.

2- Students Propose ideas for Solutions, and Instructor, Guide students’
trials and thinking.

3- Instructor, Instruct topic and demonstrate applications, and student
discuss and apply problem-solving of problems attended prior to the
instruction.

Order of the gears’ rotation is important hear. Starting with rotating the
exploration gear, urges the second and accordingly the third gear

motion.

(Instructor) (student)

Instruct
S Apply

: (Students)b /

Propose
 (Instructor)
/ - Guide .
i o ~ (Student)
o Explore

Figure 3: Explore-Instruct strategy

A brief physics sample lesson (Vectors Addition and Subtraction) adopting the

El strategy is proposed by the researcher and shown below in

table 1.



The template of the lesson plan was adapted from (Ndihokubwayo et al., 2021)
and the original lesson plan was by Dr. Zanj K. Avery at the College of Engineering,
Computer Science, and Technology , San José State University . The researcher adapted
it to follow El teaching strategy. For lesson plans that have laboratory experiments
related to them, the laboratory experiments to be planned before the theoretical class,

and laboratory reports to be turned in after the related theoretical class.

The Prerequisite knowledge of this lesson as per Avery’s plan:

1. How to draw, label, and interpret an x-y-z coordinate system.
a. Basics of number lines
b. Plotting points in a two-dimensional coordinate system
c. Plotting points in a three-dimensional coordinate system.
2. How to calculate the lengths of the sides of a right triangle using the Pythagorean
Theorem.
3. How to calculate the angles of a right triangle.

Table 1: Explore-Instruct Physics Lesson Plan.

Term: .............. Date: ................ Subject: Physics.

Course: Introductory Physics | for science and engineering. Unit: Vector and Scalar
Quantities.

Time frame: 90 min. Class size: 25 students

Learning Materials:

« Calculator
*Notebook

* Graph paper
* Pencils

* (x3) 12 inch/30 cm rulers

 Protractor

| Lesson title: Vector addition and subtraction

Problem or Learning

Concept Activities Question Objectives

(MC Questions 1-5)
a) Take quick quiz | 5 min.

Explore




a. Vectors may be added

b) Using graph
paper, begin with an
X-y (rectangular)
coordinate system,
practice adding
vectors using their
components in
accordance with
vector addition

Q1) The figure
above shows three
ropes tied together
in a knot. One of
your friends pulls on
a

rope with a force of

individuals'
capabilities to learn

triangles.

graphically using the tip- | Vi 3 Newtons and 1. Add and
to-tail method problem solving other pulls on a subtract
strategy 1.3. Use the .
b. Vectors may be added f : . second rope witha | vectors
; ' ollowing video as a .
graphically using the reference: force of 5 Newtons. | graphically.
parallelogram method. ¢) For added How hard and in
practice, do what direction must
examples 1.7 and you pull on the third
1.8 (Young and rope to keep the
Friedman) on your knot from moving?
own. Compare your | You can use the
results with textbook | graph paper.
solution. 10-15 min.
Differentiate and guide -
Type of Special
Educational Needs to be
catered for in this lesson
2 and number of learners in
O | each category: Slow to
understand Physics
concepts, weak
mathematical background,
etc.
a. The base and height of
a right triangle represents
the x- and 2. Apply
y-components of a vector Q2) Aracing caris | knowledge of
and that the hypotenuse of accelerating at 20 the x-y
a right triangle represents m/s? 70 North of coordinate
o | the West. Find the system and
S| resultant vector of these acceleration of the properties of
£| two components. car in the north right triangles
“Ib. Components are not direction and in the | to decompose
vectors- they are west direction. a
guantities/numbers that vector into its
simplify vector analysis 10-15 min. x-and y-
by allowing us to use components.
trigonometry to add
vectors.
Instructor: Note You can use the
= down the difficulties | graph paper and
'S that groups face and | properties of right

3




what type of
guidance is needed.

Explore

Given the side of the
triangle parallel to the x-
and y-axes, we can use
the distance formula to
find the length of the
hypotenuse which is the
distance between two
points on an x-y
coordinate system.

A plane

flies with a velocity
of 52 m/s east
through a 12 m/s
cross wind blowing
the plane south. Find
the magnitude and
direction (relative to
due north) of the
resultant velocity at
which it travels.

10-15 min.

3. Recognize
that the
Pythagorean
Theoremis a
mathematical
model that
defines the
relationship
between the
lengths of the
sides of a right
triangle and
can be used to
find the length
of one

side of a right
triangle given
the lengths of
the other two
sides.

4. Add two
vectors at
right angles.

5. Apply
knowledge of
how to use the
lengths of the
sides of a right
triangle to find
its angles.

Guide

Instructor: Note
down the difficulties
that groups face and
individuals'
capabilities to learn
which groups

can present in the
next session.




Present topic to
cover all LOs of the
lesson and connect it

Use Examples of
simple questions
different from the

Students
recognize LOs
1-5.

6. Recognize
unit vector

s . ones attended by notation and
=|  All previous concepts to problems been students at the ractice usin
S| related to all LOs of the | tried at the - pra 9
= lesson. beginning by the begl_nnlng of the unit vectors in
= g gby session to cover each | accordance
students. Focus on LO with vector
difficulties faced by ' .
students and pitfalls. . addition
20-25 min. problem
solving
strategy.
Apply
knowledge of
right triangles
and their
related
trigonometric
functions to:
7. Perform
vector
calculations
using
Questions been components
posed by the (Adding
Students: solve the instructor at vectors using
c pre-instruction beginning of the their
% All previous concepts guestions. lesson: Q1, Q2, Q3. | components).
2| related to all LOs of the Instructor: Give HW | 15-20 min. 8. Perform a
& lesson. and practice work simple vector
< sheets to be solved HW and practice addition in
outside the class. work sheets. three
Outside the class dimensions
time. 9. Find the x-
and y-

components of
a vector given
its magnitude
and angle.

10. Perform
vector
calculations
using unit
vectors.
(Adding
vectors using
unit vectors).




2.2.4 Definition, elements, aspects, and styles of Scientific Reasoning

A cognitive skill that has been declared by several researchers an
essential cognitive skill supporting the scientific literacy and Critical Thinking
(CT) is the Scientific Reasoning (SR) skill (Faust and Meehl, 1984, Pyper
(2012); Lawson & Worsnop (1992); She and Liao (2010); Morris et al., 2012
etc.). An actual theory of scientific reasoning was proposed by Simon and
Newell (1971). Scientific reasoning, according to Simon and Newell, is a
problem-solving method that involves a problem space that includes the
original state, the target state, and all possible states in between, as well as
operators, which are the acts that can be taken to shift from one state to the
next. Referring to the problem space theory, understanding scientific reasoning
requires looking at the types of representations people have and the behaviour
they take to get from one state to another (Simon & Newell, 1970). From the
perspective of science literacy (Hazen and Trefil, 1991 & Giere, 1984)
“Scientific reasoning represents the cognitive skills necessary to understand
and evaluate scientific information, which often involve understanding and
evaluating theoretical, statistical, and causal hypotheses.” (Bao, 2009 p.1)

From the research point of view, it is broadly defined by Zimmerman
(2005) as the term; “includes the thinking and reasoning skills involved in
inquiry, experimentation, evidence evaluation, inference, and argumentation
that support the formation and modification of concepts and theories about the
natural and social world” (Bao, 2009, p.1). In 2007, Zimmerman stressed on
that, SR includes “the skills involved in inquiry, experimentation, evidence
evaluation, and inference that are done in the service of conceptual change and
scientific understanding” (Zimmerman, 2007, p. 172). It includes an extend of
cognitive and metacognitive abilities, and it is considered an aggregate and
recurrent procedure that requires coordinating between the theories and the
proofs (Kuhn, 2011). The objective of this patterned cyclic procedure is
knowledge production or an existing knowledge alteration. Scientific reasoning
includes the capacity to create, test, and review hypotheses and theories and to
think about the cognitive process itself (Zimmerman, 2007). In this way, SR

and development of epistemic cognition are closely related, which can be



characterized as cognitive forms centred on epistemic issues. And SR
procedures in the knowledge seeking and proofs evaluation processes are
believed to be drove by epistemic cognition (Schiefer et al. , 2019).

From the science literacy point of view, SR was defined (Brown et al.
2010 ) as the term represents the cognitive skills essential to understand and
evaluate scientific information, that usually involve understanding and
evaluating causal, statistical, and theoretical hypotheses (Bao, 2009, p.1). But
human reasoning extends far beyond the scientific disciplines to support
decision making in everyday life (Faust &Meehl, 1984; Bhat, 2019). Alfaro-
Lefevre, R. (2017), indicated that reasoning is a good synonym for critical
thinking, because it implies deliberate careful thinking. This reasoning is
guided by faith, culture, ethics and other factors that generally support it (Faust
&Meehl, 1984;Lloyd 2013; Alfaro-lefevre, R., 2017).

The two types of reasoning according to many educational scholars;
(e.g.,Holyoak and Morrison, 2005; Lawson, 2002) are deductive or formal
reasoning, which is the process of retrieving conclusions which are essentially
correct if the premises are correct, it depends on testing hypothesis and
supported by logic. And the other type is inductive, which is the type of
reasoning with premises that are not conclusive to relate the results to it, and it
rely on inferences due to analogy for example or beliefs and not necessarily
due to logic (Johnson & Christensen, 2014). The reasoning skills according to
Holyoak and Morrison (2005), involve the ability to explore the problems,
form and test hypothesis, isolate variables and manipulate them, and skills of
observing and analysing the effects.

The elements of reasoning according to Nosich (2005) are the ones
illustrated in figure (3) below. Each time we reason something the 8 elements
are always present. The alternatives which are the different choices available
during the reasoning are also always present, and in addition also to the context
at which the reasoning is taking place in (p.47). In Appendix IV there is an
illustration of the intellectual standards to be applied to these elements of
reasoning in order to develop intellectual traits according to model of critical
thinking by Paul and Elder (2019). These standards include, clarity, accuracy,



relevance, logicalness, etc. which if had not been applied to the elements of the

reasoning, no efficient progression in intellectual traits to be occurred.

CONTEXT

Conclusions,
Interpretations

ALTERNATIVES F

Information

CONTEXT

Figure 4: Elements of scientific reasoning (Nosich, 2005).

Table 2: Scientific reasoning dimensions tested by the LCTSR.

Item numbers Reasoning pattern

1-4 Conservation of mass/volume

5-8 Proportional reasoning

9-14 Identifying and controlling of variables
15-18 Combinational reasoning

19-20 Correlational reasoning

21-24 Hypothetic-deductive reasoning

Note. The numbers indicate the questions of LCTSR which test each skill.

According to (Kind & Osborne, 2017) Answering the three main scientific
questions about the material world, is the critical aim of the scientific reasoning theory
(National Research Council, 2012b; Osborne, 2011). The questions are: first, the ontic
question of what exists. Second, is the causal question of why did that happen, and finally,

the epistemic question of how was that known?
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How researchers commonly create and build answers to these questions is, Kind
and Osborne (2017) insist, best found within the ignored work of cognitive researchers
who are studying the history of science. Two main additions in this discipline are study
of “shaping the deduction in Greek mathematics” by Reviel Netz’s (Netz, 1999) and
Alistair Crombie’s study of “Styles of thinking in the European Tradition” (1994). The
cognitive researchers of history of science assumes that human thinking is much superior
caught on employing an authentic approach and by taking an outside viewpoint that looks
at the items of that thinking; moment, that there are no common, all-inclusive rules of
thinking. Instep, the cognitive devices utilized by science have risen verifiably as an
unexpected cultural outcome of particular contexts, and given a different historical
sequence of events, which may be existed in a different frame, or not exist at all (Kind &
Osborne, 2017).

By the usage of this historical methodology in studying SR, Crombie’s
exploration of scientific reasoning at the time of the Greeks indicated not only one but
six different ‘styles of reasoning’ and it claimed also that the history of science within the
European culture is the history of argument, and vision (Crombie, 1994, p. 3). The
achievement of science can at that point be credited to the advancement of cognitive
instruments, assets and styles of thinking that have been utilized to emphasis a set of
ideas—ideas that have at first appeared foolish, such as the thought that day and night are
caused by turning of the earth planet and not by Sum movement, or the thought that the

continents were one piece of land, or the thought that all species on earth have grew over

ages. Particularly, Crombie contends the following six styles of scientific reasoning:

1. Mathematical Deduction, that defined as the usage of mathematic as a mean to
represent the world and using it in a deductive argument. Of the first people to initiate
this style of reasoning were the Greeks. The key to all science is representing the physical
phenomena in numerical quantities or in algebraic symbols. Entities from its all kinds can
be symbolized in mathematical form, and mathematics is sole main scientific languages
used as a means of making deductive estimates not only in engineering , but also in all
sciences (Kind & Osborne, 2017).

2. Experimental Evaluation, in this style, the prediction of hypothetical models,

creation of various patterns, and distinguishing one form of object from the other through



the usage of empirical investigation. Galileo is generally seen as the key figure who
started this style of thinking when he dropped two different sizes cannonballs from top
of pissa tower testing his theory which states that all masses would drop with the same
acceleration. Since that exploration, empirical investigation is commonly used to evaluate
scientific and to review claims. Only the ideas that persist such investigations are the
ideas been hold by the people to be true (Kind & Osborne, 2017).

3. Hypothetical Modelling, that is building hypothetical and analogical models to
denote the world. The progression of science happens through building models to explain
whatever the scientists observe. Too big things such as the solar systems and or very tiny
system like the cell or the atom are represented by analogical models, and these models
are used to come up with predictions and are now embedded in computers’ software’s to
simulate the possible behaviour of the real world. So, models are essential tools for
scientific reasoning of the real-world behaviour (Kind & Osborne, 2017).

4. Categorization and Classification, that is ordering of range of things by taxonomy
and comparison. Classification assists in determining what exists. that process is a major
standpoint of science, and it has been essential in constructing our understanding of the
world. Classification and categorization are achieved via experimental exploration and
field work, and unless agreed on the ontic entities which exist, there is no until we agree
on the ontic things that exist, there can be no shared language to be used in reasoning
about such things (Kind & Osborne, 2017).

5. Probabilistic Reasoning is the statistical analysis of patterns in populations and
the calculation of these patterns’ probability. The determination of patterns is an essential
feature of the sciences and the basis, for instance, of the science of epidemiology. For
example, the link between a phenomenon and its causal is sometimes related to
correlation between the causal effect and the phenomena without really knowing the
causal mechanism. Poisson and Gauss are the two scientists whose contributions have
made major impact to the establishment of the epistemological standards used to reason
about the presence of patterns, in addition to a variety of methods for expressing variation
and the probabilities of its existence (Kind & Osborne, 2017).

6. Historical-Based Evolutionary Reasoning, which is the construction of historical
narratives of the origins of the development of living species, of the elements, of planets,

of the solar system, of the universe, and more. A major aspect of reasoning in the



scientific field is the trials to express the origins of the material world with its
characteristics. These trials depend on building theories and hypothesis about possible
events that might have happened in the past. Examples of such theories are Darwin’s
ideas developed from his comprehensive observation of the patterns’ variations exist in
nature and questioning how such variations could have happened. constructing
mathematical models has also been practiced presenting some evolutionary accounts.
Such models and theories have stood up because they were the best possible available
assumptions for what exists, and as noticed not because of any usage of “the scientific
method” (Kind & Osborne, 2017).

Each one of these 6 styles of reasoning illustrates the way the sciences answer the
epistemic question of how people know. The cultural achievement of any science can’t
be complete without all the 6 styles of scientific reasoning. And, as these styles of
reasoning are the main contribution of science to the modern culture, they provide a
rationale and framework for a choice or elimination of any content. Moreover,
emphasizing on what we know without understanding the way of how we know it
(procedural knowledge), or the cognitive skills that are used to identify the existence of
this knowledge (epistemic knowledge), is similar to offering a description of a great
building, without any expression of how it was built, or what a creative accomplishment
it represents. The procedural and epistemic knowledge are essential to be learned by the
students before leaving the formal education, otherwise they will lack a major aspect of

the knowledge which is needed to assess scientific arguments (Ryder, 2001).

An important form of reasoning in addition to the discussed styles of deductive
reasoning, is the induction, which is actually a persistent and a multidimensional
cognitive activity, that is considered a form of reasoning of appropriate interest. Induction
may be analysed by asking simple questions that involve cartoon pictures to young
children, or it can be analysed by asking adults to make probability decisions after been
given several complex verbal arguments. Thus, induction by its nature is uncertain, there
are still a set of interesting rich regularities associated with it. Induction also is related
and even central to a number of other cognitive skills, such as analogy judgment,
classification, probability judgment, and decision making. For instance, a lot of the
induction studies were concerned with classification-based induction, and example of

classification-based induction is the person assumption that his or her neighbour sleeps,
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depending on the fact that the class of human being sleeps. even if that neighbour has not
been seen sleeping. Also, similarity and induction are so related, and many scientists use
similarity in their induction account (Heit & Feeney, 2007). Finally, the value of studying
the induction comes from the fact that the induction studies are having the potential to be
revealing, as most of the reasoning of the people is inductive reasoning in its nature, and
there is a rich set of data associated with it, and because induction is connected to other
cognitive activities, its studies reveal a lot about cognition in general and not only
reasoning (Heit & Feeney, 2007).

2.2.5 SR and Critical Thinking

Critical thinking contributes to achieving the greatest extent of effectiveness in
solving our problems in the best possible way through the use of careful observation and
synthesis of a set of correct principles and facts as well as dealing carefully with the
procedures of uncertainty (Saiz & Rivas, 2016). These traits exist in this type of thinking,
which is known as critical thinking. The most important characteristic of critical thinking
is its ability to achieve the best explanation for a problem or dilemma, and that there can
be no other better explanation in the context of this problem. In this case, an algorithmic
solution is used, which usually follows the approach of critical thinking. Saiz and Rivas
(2016) has stressed that there is an urgent need for faculty members in higher educational
institutions to harmonize different teaching methods and approaches with policies
associated with critical thinking. The failure to keep up with using critical thinking skills
and the lack of harmonization and development of teaching methods with the principles
of these crucial skills undermine the enormous potential material resources that are
currently used to achieve the qualitative leap in higher education. Using critical thinking
skills in the higher education institutions, can support achieving learning outcomes and
save a great deal of effort and time. As a result, Saiz and Rivas, (2016) aimed through
their proposal to provide procedures that allow them to prove that the interpretation of a
problem is correct and certain and that a certain science develops because it transforms
gradually and depends less on mathematics, statistical probabilities, and some branches
of physics are at the top of this hierarchy. That is, critical thinking provides predictions
with greater accuracy and certainty, not with a certain degree of probability.



The research conducted by Mustika, and others (2019) also explores the
relationship between critical thinking and creative scientific thinking that develops
students' skills in sound scientific thinking. To achieve the goal of the study, Mustika and
colleagues experimented a test of 42 students studying science in grade 11 at a private
school in Bandung. A single package of critical creative thinking was used to solve a
sound problem. Mustika and colleagues used the open questions and the scientific
thinking skills approach in relation to the multiple-choice skills associated with the sound
concept of problem solving. Among the most important results that came out of this study
is that the average scores of students in critical thinking and creative scientific thinking,
respectively, were 23.67 and 17.36 from the maximum score of 64 and 48. These results
show low achievement levels. In addition, the average score for scientific reasoning skills
is 36.70 out of a total score of 100, and this also indicates a low level of academic
achievement. Thus, the ratio of the relationship between scientific reasoning skills and

creative critical thinking skills is 0.57.

The extent of clinical thinking can be indicated by the level of education, specifically the
year of education, and the number of training days in hospital health care. Together, the
results showed a percentage of 38% (equivalent to p <0.001) And as critical thinking
which SR is one of its dimensions is a key skill for clinical reasoning ( Bawazir, 2014;
Haig, 2008 ); the researcher expects that the SR also is partially explained with the factors
of year education and practical experience in the job environment (Leijser & Spek, 2021).

According to Koenig et al. (2019), sound and effective decision-making process
essentially requires the capabilities and skills to identify and then managing to control
variables, and thus this is the main starting point for work in the review and
examination of Koenig and his colleagues' laboratory. To illustrate this, the correct
decision-making requires obtaining complete information, distinguishing and filtering
inputs, aggregating large amounts of collected information, weighing inputs based
on relevance, considering biases, and engaging in data analysis to improve
information because sound final decisions are entirely dependent, based on complete
knowledge that has high accuracy, indicated by Myatt (2012), as suggested by Kuhn et
al. (2008) in an integrated scientific and logical framework, with the aim of
coordinating theoretical evidence. These are higher levels of COV and are

important for the shift from concrete thinking to thinking formally.
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2.2.6 Scientific Reasoning vs. Common Sense

The difference between “common sense” and “science” was well established by
Locke, J. in 1689. In a discussion about human understanding, Locke stated that
“knowledge is based in a systematic observation of the physical world, anything else is
“faith, or opinion, but not knowledge”, He clearly established the position between
science and common sense with the “justified belief” concept in between. This
establishment by Locke leads us to conclude that this justified belief requires the
involvement of mind in a scientific reasoning process. Therefore, developing SR can be
one of the means to reach an ideal level of cognitive abilities; the level at which scientific
facts and common sense become congruent to each other. And that is possible through
training the students to always set their predictions and beliefs and then justify those
beliefs. Paul (1993) demonstrated this in his book, when he showed that the mind can be
fit if it practices processes of critical thinking, because the mind is like the body in its
need for the practice to be fit. Figure3 (Paul& Elder, 2019, p. 25) is showing the scientific
mind development. At the top stage SR become a second nature. We may then consider
this second nature a common sense. Green (2016) on the systematicity theory, which was
first presented by Hoyningen-Huene (2013), has pointed out that this theory is quite
appropriate because it has successfully managed to clarify the relationship between
scientific knowledge and common sense. However, Green found that in terms of focusing
on knowledge products and general categories of daily and scientific activities, he has not
clearly indicated many aspects related to the thinking processes involved in the issue of
learning and practicing science. Through this theory, Green found that Hoyningen-Huene
(2013) has indicated the existence of gaps between scientific knowledge and ordinary
knowledge within the framework of specific topics. For example, his emphasis on the
issue of hermeneutics is an act incompatible with common sense or saying that common
sense has a bit of knowledge to say about the discipline of microbiology. Since this
comparison was made only on an abstract and general level, Bellolio 2019 finds that the
important role of common-sense concepts, which aims to make these aspects
understandable, has been largely neglected. To clarify this issue, Green find that the
general comparison did not mention or determine whether leaving common sense axioms
is required for the fragmented process by which scientific knowledge is accepted or

learned. When all that is related to constructivism theories related to learning is



highlighted and the literature quoted in the philosophy of science is that we must analyse
both the case of the differences between common sense and scientific knowledge as well
as analyse the change itself from pre-scientific thoughts and methods to the analysis of
scientific methods and thoughts alike. As a result, reviewing and refining the analysis
better highlights the common sense and soundness of scientific thinking that is
appropriate to the context. While Hoyningen-Huene believes that achieving and
increasing scientific-based methodology sometimes requires the sacrifice of common
sense. In fact, empirical studies in science education confirm that common sense is
already strongly present in scientific theories, although it should be separated from it.
Despite the existence of common sense in the context of scientific theories, these scholars
have suggested that our knowledge systems and common-sense concepts should be more
flexible than before in order to accept scientific theories. This link between scientific
theories and common sense raises a debate about whether scientific knowledge is
systematized through a lesser degree of correlation between systematic scientific thinking
and common sense. Therefore, this may raise a question about whether increasing
systematic scientific knowledge is to be an essential issue or an end in itself. Hoyningen-
Huene and others have added that the appropriate adoption of scientific methodology
described in the theory of systematicity in analysis can fulfil the dimensions to provide a
type of analysis that is more accurate, efficient and reliable. However, these distinctive
features in this theory help to increase the gap between innovation and tradition and
between innovation and disciplinary standards in various fields and disciplines.
Consequently, Bellolio have made a suggestion about the existence of latent potentials
related to systematicity theory that can be exploited in analysing texts in the context of
their various disciplines by introducing students to the organizational aspects of the
sciences of all kinds as well as how students are taking advantage of the growing
curriculum and setting its priorities in all these areas. Someone might object to Bellolio’s
suggestion that it conflicts with Hoyningen-Huene's aspiration to distinguish between
science and everyday knowledge in general. Despite all that has been mentioned, this
theory may not be very fruitful to determine the general difference between science and
daily knowledge, but the importance of this theory lies in describing and defining how
we can support systematic scientific thinking and achieve cooperation externally through

activities and institutions based on scientific methodological foundations. John Rawls



(2005) has stated that when educational curricula and scientific conclusions are not
controversial, nor do they develop the scientific thinking of students, they are merely
thought of as general causes. However, several objections were raised against this
statement. In Bellolio’s paper, he highlighted only two of these objections. The first of
these objections claims that the reasons mentioned here are scientific reasons related to
the requirements and needs of the scientific community only and do not include other
reasons that are related to society in a comprehensive and general way. The second reason
for objecting to this saying is that the condition of difference is when the nature of these
reasons resists the scientific assumptions accepted by the majority of the citizens. This
research has provided some answers to these two objections. With regard to the first
objection, that is the collective objection, the relevant test of a cause to be general is
whether the causes have been interpreted according to the rules and the general
framework of thought. In the sense that insofar as scientific methods and conclusions
correspond to the principles of thought and rules of proof that liberals understand as
general, their relational origin is secondary. As for the second objection, the criterion for
a scientific argument that is considered non-controversial must be to indicate the degree
of its consensus within science itself, because ordinary citizens accept or reject scientific
statements that are conditional on their own comprehensive opinions. However, there will
be a need for a broad agreement outside the bounds of science arena that includes the
cognitive virtues of the scientific method. In the end, Bellolio’s scientific paper concludes
that there is a good position to think about scientific reasons as general causes to the point
where it views scientific thinking as a research method that reflects the basic aspiration
of Rawls' liberal political thought, which is summarized about the existence of a general
style of thinking that depends on an impersonal point of view, which are to be separated
from subjective claims. (Cristébal Bellolio, 2019).

Bonotti (2019) has responded to the former view of Cristébal Bellolio (2019),
arguing that a lot of scientific conclusions are definite matters rather than being general
ones, i.e., like those conclusions found in the situation of Vallier (2011, 2014). He added
that usually those scientific conclusions are controversial topics to a greater or lesser
degree in the scientific community. This raises the question that does this prevent such
conclusions from being thought of these scientific conclusions as general causes? Bellolio

has responded to this question by replying yes, and this answer has entailed a major



problem because it contradicts with what was stated earlier by Rawls. Rawls (2005)
mentioned that the public thinking contains only the non-controversial methods and
conclusions of science. However, this scientific discourse indicates that we would stick
to only very few general reasons that are based on science, bearing in mind the extent of
scholarly disagreement on most scientific issues. Nevertheless, this matter does not have
to be the norm. To escape such an undesired conclusion is to think about an aspect of
public thinking that Bellolio appears to be neglecting, namely its structure. We find that
there are many rational liberals who support notions of “consensus” of public thinking.
Those scholars often refer to general causes as “common” causes among citizens of a
liberal system; however, there is a different vision to comprehend the public thinking. In
other words, it is the notion of "accessibility”, literally the idea that for a reason to be
public, citizens are only required to share the rationale behind it rather than the reasoning
itself (Vallier 2011, 2014). The scientific method for climate sciences provides common
foundations and principles of scientific thinking in order to allow scientists of various
intellectual spectrums to reach different conclusions and then develop different models
for different climate sciences without making any mistakes during the conduct of that
process and this is what was demonstrated through the example mentioned above. The
fundamental issue in this respect is that given the availability of a concept about
accessibility to the public thinking, scientific conclusions can be considered general
causes, even though they are a point of scientific disagreement. However, Bellolio seems
to reject this concept, and Bonotti (2019) found it implicitly based on the idea of
participation of the public thinking, which leads to a narrowing of the scope of scientific
conclusions that are considered to be a controversial issue between the circles of the
scientific community. Bellolio might avoid this dilemma if he thought about the structure
of the public thinking. Another issue that should be touched upon is the normative effect
of scientific conclusions. Bonotti found that the normative influence on the evolution of
the structure of the public thinking can also help to explain and elucidate the second
aspect of the argument on which Bellolio was based. However, Bellolio (2019) rejects
the concept of "scientism™ and refutes that scientific conclusion is not based on the
normative framework and that the process must be accompanied by other general causes.
This is a worthwhile claim, as it indicates a distinction that may be overlooked in the

areas of addressing the issue of the public reasoning.



In a more precise and specific manner, Vallier (2016) has added that it is not only
necessary to separate notions of participation from the accessibility of the structure of the
public thinking, but it is also important to include the concept of accessibility to the public
thinking and to distinguish between the different types of criteria of thinking that are
formed through general causes. Vallier (2016, p.607) further has explained that standards
that are "prescriptive and descriptive" are among the different types of criteria of thinking.
Descriptive standards include criteria for scientific reasoning for a science, while
mandatory standards include both epistemic guidelines for investigation. More
importantly, mandatory standards include objective political values such as values of
freedoms like religious freedoms and political freedoms exemplified in gender equality,
which are widely shared among members of a liberal society that provide its affiliates
with normative reasons (Badano & Bonotti, 2020). That is, scientific conclusions can
rarely be achieved if they are directed towards achieving specific political goals. At the
same time, one can argue in the context of realizing political values, one must use
evidence and proofs of a nature based on scientific research. Therefore, it appears that the
criterion for descriptive thinking is a relationship that includes both the criteria for
critical, creative, innovative, scientific thinking and scientific thinking skills. We find that
in this research the product moment correlation is used to find out the relationship
between the two variables of creative-critical scientific thinking and scientific thinking,
because the data is in the form of an interval or a ratio based on the calculation of the
instantaneous correlation of the obtained product with the value of the correlation
coefficient rxy = 0.57 with an average level of relationship, which indicates a positive
relationship between scientific creativity and critical thinking with scientific reasoning
skills. This clearly indicates that the students’ scientific reasoning skills variable actually
contributes 57% to the critical creative thinking skill variable, while the rest is affected
by other factors. It is also possible to integrate different learning strategies into problem-
based or project-based learning situations, such as literacy strategy, and various types of
non-traditional tasks of writing, conceptual change text, authentic audiences text analogy,

production of text and content, and others (Vallier, 2016).

We can conclude that the student's abilities to use critical and creative scientific
thinking skills as well as scientific thinking skills in general are still at a low level,

according to the results of the case studies that have been conducted by Mustika and
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others (2019). Among the most important findings of Mustika’s study is that there is a
direct relationship between creative critical thinking and scientific thinking skills.
Therefore, it is imperative that teachers help students to develop and enhance those three
important skills presented in this context: SR Skills, scientific creativity Skills and critical

thinking skills, especially in the field of teaching physics (Mustika et al., 2019).

Stages of Critical Thinking Development
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Figure 3: Development of thinking habits) Paul et al., (2006) p.50, Paul & Elder (2006) p.
285).

2.2.7 Science reasoning and teaching approaches

It is previously proved that the teaching approach has certain effect on the
students’ learning process (Alfaro-Lefevre, R., 2017; Choi et al., 2014; Prosser and
Trigwell, 2014), and according to Moore and Rubbo, (2012) to accomplish considerable
gains in scientific reasoning a reassessment of the traditional teaching approach to physics
for non-STEM populations is required. Therefore, a suitable teaching approach to
empower learners with scientific thinking skills, is to be aimed at in order to reach
significant enhancement of SR for STEM and non-STEM populations. One of the main
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elements of a good quality teaching that enhance higher thinking skills is practicing
problem-solving (Tanisli & Dur, 2018). As indicated in Clark and Taylor (1993), Many
researchers believe that the problem-solving process depends largely on two main
variables, the first of which is the extent of experience that we have in a particular area
of the profession, and the use of that experience in facing the problems of this field. Thus,
we possess the competencies and capabilities necessary to apply them in the face of such
problems and thus be able to solve them. The second variable parameter is the provision
of a domain-specific set of experiences, knowledge, and skills in solving specific problem
categories.

Characteristics of a good problem-solving teaching have been expressed in a study
conducted by Taconis and others (2001) which concluded that individual and even group
work problem solving, give no considerable positive effects unless accompanied with

guidance and immediate feedback from the instructor (Taconis et al., 2001).

The classroom environment also had implications on the problem-solving activities
done by students (Kartal, T &Kartal, B, 2019). Classroom environment should be safe for
students to ask question and make suggestions and arguments. Students then will be
encouraged to solve even the ill-defined problems which are closer to everyday life
problems. The teacher in that classroom of problem-based teaching will be a facilitator
and students try to solve the problems in small groups (Kartal, T & Kartal, B, 2019).

Teaching implications were also discussed for its relation to SR. For example,
Kartal, T and Kartal, B (2019) have criticized pre-service teachers’ practices when they
often appeal to use the mathematical approach in solving problems. This approach is
inappropriate for students thinking because the students do not use proportional logic in
solving problems. Secondly, students consider proportional logic to be just a subject
whose use is limited to mathematical operations. Thirdly, these students do not see any
connection or association between mathematics and physics. In addition, these students
still have great confidence in using the old traditional methods such as algorithms. Kartal,
T. and Kartal, B. also has reached important conclusions that teachers in the pre-service
stage are not aware of the conceptual understanding in stoichiometry, which hinders the
performance of problem solving, regardless of the strategies they use in solving problems,
and accordingly, specialists and teaching professionals must address these problems by

providing awareness sessions to these novice and pre-service teachers on the definitions
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and the complete concepts behind stoichiometry and explaining how carrying out
proportional reasoning on issues of stoichiometry prior to teaching algorithms, as well as
encouraging and urging these teachers to practice proportional logic, which does not
include the scientific concepts that could help these pre-service teachers understand the
ratio and link proportional thinking to stoichiometry. In a similar study by Cramer and
Post (1993) assert that the qualitative comparison conducted without numerical quantities
serves to enhance the conceptual understanding of proportional reasoning. Thus, it will
be a good opportunity to deal with a qualitative comparison as a fruitful way to encourage
pre-service teachers to use other strategies, other than the traditional stereotypical
approach to algorithms only (Kartal, T &Kartal, B, 2019).

Learners' reflection also, plays a key and vital role in developing their
performance in the learning environment. Accordingly, a study by Chen and others
(2011) has sought to investigate the possibility of developing learners' reflection levels
by adjusting teaching strategies in a way that is compatible and appropriate to the ways
of thinking of learners in the learning environment that is based on the Internet. Three
instructional strategies are actually designed: constructive, directive and inductive. These
three strategies are designed in harmony with legislative, executive, and judicial thinking
styles. Subsequently, an online reflection learning system was developed to reflect
performance in the learning environment. In order to ascertain the suitability of teaching
strategies with the thinking patterns of learners, an experiment was conducted that
classified learners into an appropriate or inappropriate group with the aim of analyzing
the compatibility and suitability of teaching strategies with students ’thinking styles. 223
male and female students from university levels participated in the experiment. The
results of that experiment have shown that the reflection levels of the appropriate group

of students outperformed the inappropriate group (Chen et al., 2011).

Stephens & Clement (2010) have conducted their study to suggest a set of
applicable combinations and to identify informal thinking processes that take place during
students' classroom discussions, and to demonstrate how these processes can be separated
from each other and at the same time work on linking them with image indicators. That
specifically meant for them that the conceptual distinctions and definitions that Stephens
& Clement (2010) have developed allow them to use the transcripts recorded from the
classroom video tapes, with the aim of identifying students’ use of several categories that
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are limited to informal thinking processes and that are also used by experts. Specifically,
Stephens & Clement studied analogies, extreme cases and Gedanken experiments. It was
also possible to define these three processes even when these processes are used in
combination with one another. The second issue is that some cases have been created and
run collaboratively between several students or between teachers and students. Third,
Stephens and Clement found that all the cases of the processes listed in the first and
second tables were created automatically by the students, and this occurs during
discussions regarding the important issues related to the concepts. On the other hand, for
teachers interested in the goals of the scientific process, Stephens and Clement research
represents a good opportunity for students to participate in the creative scientific thinking
processes in relation to the discussions that take place in the classroom. In addition,
evidence can be gathered from video tapes recorded in a particular classroom that
indicated that students could use mental images when practicing these three types of
scientific thinking. The three types of gestures have also been identified, which are the
shape that points, indicates movement, and indicates strength. This distinction is made in
the context of identifying evidence for students' use of mental images and animated
graphics with kinetic components in a successive manner. In sum, this study is useful in
explaining and clarifying the methods used in this study, which provide a set of tools that
can be used to analyze informal thinking processes during classroom discussions. The
study also suggested that pictures play a role in learning the processes of scientific
thinking. This was observed in physics classrooms, which aroused the interest of some
researchers to conduct a study on this topic in the future. These indicators have been
elaborated to the point of believing that there is a correlation between drawing and
building mental images and scientific thinking in most of the students ’classrooms, as
these studies have shown that images play a pivotal role in the development and support
of scientific thinking processes (Stephens & Clement, 2010). Evidence was shown that
imaginary simulations occur during classroom study. However, the matters that
represented a real challenge for researchers during Stephens and Clement study have
revolved around identifying, criticizing, redefining, and refining the central concepts
related to the three types of scientific thinking, namely, analogies, extreme cases and
Gedanken experiments and identifying types of gestures as pointers for images. Finally,

Stephen and Clement hoped that their research will contribute to the work and conduct
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of more research to study the nature of students' thinking processes during their

attendance and participation in the classroom activities (Stephens & Clement, 2010).

Explore- instruct teaching approach, is one of the problem-based inquiry learning
approaches (Bhat, 2019; Ramful & Ho, 2015; Tanisli & Dur, 2018). It is one of the
approaches that provide knowledge application activity for the students before the explicit
instruction (Loehr et al., 2014). And according to Loehr and others (2014) this teaching
approach effectively support learning, provided that learners have the opportunity to

apply the learned knowledge in an activity after the instruction.

2.2.7.1 Aspects of Scientific Reasoning.

Novia and Riandi (2017) have discussed the facets of scientific thinking and its
proportions in students. They have found that the proportional thinking represents the
highest, while the conservation of weight facet is the lowest one. Considering the pre and
post-tests, the proportional test has received the highest percentage in the pre and post-
tests, while the facet of weight conservation was found to be the lowest aspect of scientific
thinking also in both pre and post-tests. These findings can be attributed to the stages of
inquiry levels that have been trained on, as well as to relative inferences. In fact, the
proportional thinking facet represents an interactive and demonstrative sphere, in which
teachers create, develop, and ask questions to students in order to give feedback and
answers to those questions, while giving explanations to help students arrive at logical
conclusions provided by solid and concrete evidence. Students at this stage begin to play
a real role based on real evidence that is guided by proper demonstrations and

explanations from their teachers (Novia &Riandi, 2017).

Novia and Riandi continued to indicate that the aspects of scientific thinking
should be introduced and trained in the early stages of the educational process, which is
in contrast to the aspect of weight conservation. In this early stage, learning takes place
by means of discovery. The basic idea of learning by discovery is based on the principle
of establishing an inductive concept or building knowledgebase that is acquired from
students' real-life experiences, which are different experiences. At this stage, students

may face difficulties and challenges in determining the relationship between the given
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phenomena and their experiences, because the phenomena do not match the students’
experiences. In order for students to acquire and develop scientific thinking skills, it is
necessary for them to practice this type of scientific thinking, perseverance and patience,
because scientific thinking in itself represents a wide range of cognitive skills.
Accordingly, there is an increasing role on the shoulders of researchers and teachers to
provide students with how to learn and develop scientific thinking skills. This can be
shown, given that the LKS percentage was found to be slightly higher than 75%, even at
the third meeting, and this percentage has not yet reached 80 to 90%. It can also be noticed
that the development of students' scientific thinking was not analyzed to the fullest extent
at the end of the meeting as the post-test stage (Novia &Riandi, 2017). These data are
consistent with what Lawson (1978) has stated, where he indicated that intelligence is not
an innate gift, but rather an evolutionary work that takes place gradually over time,
requiring a great deal of effort and persistence, and therefore we must know how to

develop students' abilities and skills in scientific thinking process.

2.2.7.2 Scientific Reasoning and Teaching Activities

As per many calls all over the world for a STEM teaching that enhance scientific
thinking as well as content knowledge, lots of studies were proposed to explore teaching
activities which impact scientific reasoning. One of these studies is the research of Novia
and Riandi (2017). When the first classroom meeting was held in Novia and Riandi’
study, the basic visions and ideas revolving around the concept of motion were presented
and developed through the levels of the inquiry model under the framework of the
laboratories, with the aim of building scientific thinking system for students that should
be completely independent. In the meeting, the scientific reasoning put forward about the
conservation weight and the proportional aspects of the score was 8.7 which has been
trained through learning by using the means of interactive and demonstrative presentation
and discovery. However, this result went down in the second meeting, but that decline
was not important because the result increased again in the third meeting. However,
various other challenges and problems have arisen due specifically to the issue of lack of
sufficient time to examine the developments which often take a long time to take place.
Development process is usually repeated several times to determine the extent of
development in learning process because the process of development in learning will not
occur automatically, but rather has specific requirements and instructions (Novia &
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Riandi, 2017). Researchers in Novia and Riandi’ study usually meet only three times to
search and discuss the issue of data collection, depending on the time agreement provided
by the school, and the time was not sufficient to present and discuss the whole visions
and ideas of the development of scientific thinking, which normally requires discussion
over and over again. In addition to the problem of limitation of time, there is another
problem related to the process of describing the development of scientific thinking. This
description is not an easy task because each student has come from a different educational
background and learned in different teaching methods (Novia &Riandi, 2017). This view
is in line with the vision of Jing Han (2013), when he mentioned that the development of
the subject of learning and acquiring scientific thinking skills requires more work and
effort because it is not an easy process. This is because each student learns in a different
way. However, the common ground among the developments of a learning process is that

learning is a choice of method based on research evidence (Jing Han, 2013).

There are a number of conclusions reached based on the discussions and results
of the data analysis of Novia and Riandi,(2017) . Among those important conclusions, in
this context, is that there is an increase in quantitative terms in the issue of scientific
thinking, even though its degree is not high. The reason for the increase in the percentage
of scientific thinking may be attributed to the students ’knowledge of the learning style
based on the characteristic of discovery, and through that method of learning, students
began to build their knowledge using the inquiry model. According to these results, the
author has made several suggestions to the teachers. Among those important proposals is
that teachers should use the Inquiry Levels Model as an alternative to training scientific
thinking in order to help students build their knowledge base independently. As for what
the author has recommended to other researchers, it is better for them to have the scientific
thinking test tool consisting of only four questions from each side in order to ascertain
the degree of its consistency. Also, among the recommendations contained in this regard
is that the process of developing scientific thinking is not an easy matter and requires
more time to acquire and develop it. Thus, the more practice, the more scientific thinking
develops (Novia &Riandi, 2017).

A study by van der Graaf et al., (2019)has emphasized that lessons based on the
principles of developing inquiries can improve and reinforce scientific thinking in

children despite the availability of empirical evidence showing that inquiry-based
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learning requires some instructions. Generally, this research is based on two basic
approaches, although they have not yet been bridged, namely, direct guidance of scientific
thinking and training of teachers in verbal support.van der Graaf and colleagues (2019)
have studied how to develop and enhance children's scientific thinking through these two
types of instructions separately or in combination. This work was done via conducting a
comparison of four conditions, namely baseline, direct instruction, verbal support, and
finally acommon approach. The success and effectiveness of the existing series of lessons
were studied along the lines of the inquiry style, which focuses on developing scientific
thinking abilities, vocabulary, and knowledge of the field. The test was carried out on a
sample around 301 fourth grade school children. The test results have shown that both
approaches have enhanced different components of scientific thinking abilities and skills.
The study also has illustrated that the instruction set was more effective in developing
scientific thinking skills and abilities, vocabulary, and field-specific knowledge. The
acquisition of knowledge specific to the field was developed and enhanced when both
directions were provided. As a result, it can be concluded that each type of teaching has
its own qualitative and special contributions to science learning for children and that these
instructions reinforce and complement each other. Thus, (van der Graaf et al., 2019) study
has clearly demonstrated that a series of lessons based on the style and principle of
inquiry, especially when it is preceded by direct instructions for scientific thinking and
supported by verbal support, is most effective. In line with this study is a claim by Healey
(2000) that the 21% century students are changing and require instant answers and

feedback, by their own investigation skills, not through lecturing.

A study that has been conducted in Malaysia by Tajudin and others(2012),
demonstrated that most higher education Malaysian students had concrete-operational
level of SR abilities where the general mean was 3.23 out of 12. According to Lawson
(2004) acquiring 0 —4 points in LCTSR, means being in the empirical-inductive level
(concrete-operational thinkers);acquiring 5 —8 points mean being in the transitional level
(transitional thinkers);and acquiring 9 —12 points—hypothetical-deductive level (formal-
operational thinkers);indicating that Lawson’s transitional level most probably fits
Piaget’s Early Formal thinking and Lawson’s ‘hypothetical-deductive’ reasoning fits
Piaget’s Mature Formal thinking. Tajudin and others (2012) study also demonstrated that,
the expert and delegator were predominant instructors' teaching styles as indicated by
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undergraduates’ perception. Likewise, there was no relationship between instructors'
teaching style and the level of SR aptitudes. Consequently, this examination can't
correlate the dominant teachers' instruction style to the level of SR aptitudes of
Mathematics, Science and Engineering students in Malaysian public institute of higher
education. In a way, this examination gave a few signs that the delegator and expert
teaching styles were not of value to the development of undergraduates' thinking aptitudes
(Tajudin et al., 2012). In the opposite side and according to Lawson (2004), effective
learning mirrors the practice of science, in which students face puzzling observations and
then involve in the interpretation production and testing process (Lawson, 2004), and
inquiry instruction is a form of this active learning as per (National Research Centre,
2000).When teaching for SR; two things must be known by teachers, the intellectual level
of their students (i.e., preoperational, concrete operational, formal, or post-formal), and
what prior subject-specific knowledge do they have? (Lawson, 2004). It is necessary then
to explicitly instruct for (SR) and plan well the taught topics sequencing. These two steps
were found By Bao and others to be two factors affect the ability of the students to reason
scientifically (Bao et al., 2009).

Jensen and others (2017) have illustrated that newly admitted students to attend
science subject courses appear to be relatively inconsistent in their thinking behavior
compared to senior students with regard to the use of systemic thinking process skills in
a regular and comprehensive manner, and therefore teachers of mathematics, chemistry,
physics, engineering and technology should address this problem and encourage these
students to activate their thinking reasoning in order not to drop out and leave the
classrooms of these vital sciences. Therefore, it is necessary to address this problem by
the teachers of these subjects to develop effective solutions. In this regard, some proposals
have been made, including that teaching these subjects should focus on raising thinking
process and reasoning skills during the first year of study, and at the same time
maintaining students' grades in STEM, which may motivate students and give them a
higher chance of success and achieving satisfaction, and thus reduce the possibility of
leaving such classrooms. Furthermore, the teachers of these subjects should facilitate the
process of scientific investigation for those students, who may benefit the students and
make them identify the variables and control them, and then set hypotheses, reach

inferences while collecting and analyzing data and drawing conclusions. Given the
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importance of early development of scientific reasoning skills among students, we find
the necessary support and encouragement to reinforce scientific reasoning among
students at early stages of education, which is basically stated on the framework of Vision
and Change. This trend and call are also encouraged among college students (Jensen et
al., 2017).

Marusi¢ & Slisko, (2012) published out a study that examined the impact of three
different physics teaching approaches on the gain of scientific reasoning of senior high
school students. They found that Experience-discuss teaching approach caused the
highest gain in SR among the three approaches which included also Read, Present &
Question approach and the traditional lecturing approach. And despite positive trends
between the critical thinking of students and Problem-based learning (PBL); outcomes of
PBL were not significantly different from traditional lecture in a small study done by
Choi, Lindquist & Song (2014), in two South Korean nursing colleges for the first-year
students. And larger studies were recommended by them to study the effects of PBL on
critical student abilities. In the opposite side, it was suggested by Fyfe, DeCaro, and
Rittle-Johnson (2014) that, in spite of arguments in favour of delaying conceptual

instruction, sometimes conceptual instruction should come prior to problem solving.

Several scholars and educators who are interested in the need to promote scientific
thinking, have indicated that the skills of statistical and causal reasoning are considered
more urgent than other skills in dealing with science learning programs (Koenig et al.,
2019). From a practical scientific perspective, the acquisition and development of
statistical thinking helps to enable students to collect and analyze data, and to achieve
quantitative assessments regarding possible relationships between variables, and thus
reaching important results and relationships in promoting causal reasoning. In addition,
developing the skill of causal thinking is a fundamental issue for testing the hypotheses
that are initially set and identified, and then making logical decisions based on concrete
evidence and reconciling theory with reality. As a result of the significance of these two
skills, at the present time, Koenig and others (2019) embark on studying and examining
the learning outcomes, assessment, and the laboratory activities related to these two skills
of statistical and causal thinking, at the same time that Koenig and others are working on
improving the environment of the laboratories in which they conduct the experiments.
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There are also many laboratory curricula available at universities that provide excellent
inquiry-based laboratory experiences, but most of their work focuses on developing basic
laboratory skills and / or promoting deep conceptual science-based thinking framework.
As for Koenig and others’ curricula, their courses have been developed from the previous
ones in that they have become more determined to support and develop the skills and
patterns of scientific reasoning that benefit students to acquire systematic scientific
methods and patterns of thinking that are fruitful for them, especially with regard to the
sub-skills that have been practically identified, such as SR skills. This type of scientific
reasoning is essential and required in the empirical courses and transferable via the STEM
system. Koenig and colleagues also hope that a number of other academic institutions
will follow the example of their institution in terms of using the advantages and methods
of the scientific thinking approach that is illustrated in their study, in addition to learning
and developing sub-skills for COV, which are also described in their article. These
genuine efforts are all exerted with the aim of helping and demanding each institution to
review its curricula in the domain of science subjects, and then attempt to design teaching
science programs that contribute effectively and practically to raising the capabilities of

their students and enhancing their scientific reasoning skills (Koenig et al., 2019).

2.2.8 Scientific Reasoning Assessment

A major factor that was investigated for its positive impact on SR is the nature of
the assessment tool, that will ultimately push the instructor to design several learning
activities that enhance these scientific reasoning skills. The thinking ability of children
was classified by Piaget in 1964 in which he divided children’s thinking abilities into
specific four main stages. These stages are named as follows: the sensory-kinaesthetic
stage (from O to 2 years), the operational stage (from 2 to 7 years), the concrete
operational stage (from 7 to 11 years), and finally the formal operational stage (from 11
years and above). Then he has specified that the highest rate of scientific reasoning is
formal operational (Piaget, 1964)

2.2.8.1 SR Assessments’ construction

Jensen and others (2014) conducted a study in which they have urged and
emphasized the utmost importance of the need for a high level of professional evaluation
in performance by science subject teachers to develop and strengthen the centralization

of the concept of employing scientific reasoning in the context of teaching science
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subjects. In this regard, these teachers must be urged and encouraged to play their major
role precisely in determining the desired learning outcomes first for each subject by using
the backward design. For example, biology teachers must make sure that their students
are fully aware of the significance of absolute knowledge of the content, and they are at
the same time required to develop and strengthened practical scientific process skills
when dealing with these types of subjects. It follows that in the backward design, the
necessity to articulate clearly and indicate that their students must achieve the learning
outcomes and design the necessary assessments according to those outputs. This step is
followed by the development and design of appropriate activities that are compatible and
aligned with the assessments related to the desired learning outcomes. And through these
thoroughly studied procedures and steps, we can offer and help the students of these
science subjects more opportunities to translate what they have learned to solve the
problems they face in the classroom or outside it, by effectively using logical scientific
processes and reasoning skills. However, in many situations, science teachers fail to
develop and design learning outcomes and their associated assessments regarding the
acquisition and promotion of the necessary scientific processes and reasoning skills from
a broad practical perspective, and the assessment is often limited only to testing the
student’s knowledge of the course content by using the memorization process only,
whereas, these tests should have been designed to assess the student’s development in the
use of skills that sharpen scientific thinking and which are available at the highest levels
within the framework of the Bloomfield taxonomy. Accordingly, it must be emphasized
that the focus on achieving learning outcomes through the teaching of these subjects must
revolve mainly around directing students and urging them to develop scientific reasoning
from a practical perspective, i.e. developing their skills inside and outside the academic
context and enhancing their intellectual abilities to solve real problems that may
encounter them in real life, without focusing solely on the issue of memorization, which
serves to discourage the value of employing fruitful and productive scientific reasoning
(Jensen et al., 2014).

It has been indicated by Kind and Osborne (2017) that the prominent and
growing role that classification, i.e., taxonomy, plays in developing all the
different fields of science represents the organizational framework for all the

different science curricula. For example, this classification identifies all forms
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and patterns of life related to the subject matter of biology, classifies stones
and rocks in relation to the subject of Earth sciences, that is, what is known as
the foundations of geology, as well as determines the basic elements for the
development of the periodic table, and distinguishes between heat and
temperature as an important and basic way of thinking for evolution. In
science, classifying patterns related to epidemiology, with the aim of
establishing possible causal relationships for the occurrence of diseases and
epidemics. As for school science, classification can be done by studying
historical examples, or alternatively those historical examples can be modelled
by using exercises that help to explore relationships, for example between eye
colour and hair colour, reaction time and its relationship to gender, height, or
foot size. Likewise, Kind and Osborne showed that researchers explained that,
the emergence of probabilistic thinking in the seventeenth century has become
a way of thinking, which is an imperative matter of science and is considered a
way of thinking that can be represented by collecting a set of data that
produces Gaussian distributions such as the variation in the heights of a group
of students of the same age and using Punnett squares for predicting the results
of hybridization, whether monohybrid or di-hybrid, as well as in identifying
higher levels in statistical and quantitative mechanics(Kind & Osborne, 2017).
Even teaching goals in the educational sciences as per Armstrong (2018) and
Krathwohl (2002) are good to be classified, that classification was
accomplished by Benjamin Bloom Since 1956, Benjamin Bloom’s taxonomy
has been working effectively in shaping educational plans. The taxonomy is a
framework for categorizing educational goals: Taxonomy of Educational
Objectives. Familiarly known as Bloom’s Taxonomy, this framework has been
applied by generations of K-12 teachers and college instructors in their
teaching. This taxonomy consists of lower level of thinking: Knowledge,
Comprehension, Application, and higher level of thinking: Analysis, Synthesis,
and Evaluation. The categories after Knowledge were presented as “skills and
abilities,” with the insight that knowledge was essential precondition for
putting these skills and abilities into practice. So, according to Bloom’s

Taxonomy, human thinking skills can be broken down into the following six
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categories: Knowledge which is fact recalling, Comprehension: which is
getting the meaning of informational materials, Application: that is applying
knowledge to new situations. Analysis: is dividing the information into smaller
portions to examine it. Synthesis: is the application of the learned knowledge to
combine parts into a new pattern which was not there before. Evaluation: is the
judging according to some set of standards, without the existence of wrong or
right answers. (Armstrong 2018, Krathwohl, 2002).

Krathwohl (2002) reviewed the previous taxonomy and indicated that
the issue of investigation and post-review of classification directed to change
the order and naming of cognitive processes in the original version. The
revised Bloom’s levels became remembering, understanding, creating,
analysing, applying, and evaluating. The issue of reorganizing the taxonomy
focuses on developing the skill of synthesis in the level at the top of the
hierarchy, rather than focusing on the evaluation. Most important of all,
Krathwohl and others found that the review of the taxonomy is very useful
because it represents a real addition to all the six cognitive processes. In
addition, this review identifies the four types of cognitive processes that can be
addressed by Learning activity (Appendix 1X). As mentioned earlier, these four
types of knowledge are represented by realistic knowledge that is related to
terms and separate facts, conceptual knowledge that includes categories,
theories, principles and models, procedural knowledge which is a technical
knowledge or also known as practical or methodological knowledge, and
finally what is so-called metacognitive. This type of knowledge includes the
abilities related to knowledge of various learning skills and techniques as well

as self-assessment (Krathwohl, 2002).

Interestingly, Kind and Osborne stated that, the whole attention of science is
centred on providing a convincing and satisfactory answer to the causal question, “why
does the world behave in the manner required by the hypothetical structure within the
framework of analogue models and in the manner of the pattern of thinking prevalent in
science”. For instance, students are required to learn about the physical models and
structures of the human body and then they are required to create physical models for

cells. They are also required to use particle models for the material in order to explain
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some phenomena such as condensation, evaporation and refraction phenomena. The atom
is also represented by presenting the Bohr model as one of the types of miniature solar
system that is made by using a wavelength model of light. Other types of molecular
models of chemical structures are also used to explain ionic and covalent bonding, the
nature of chemical reactions and the properties of substances. Despite the importance of
presenting, explaining and experimenting with all these physical and chemical models as
tools for studying scientific projects and the need to use scientific reasoning as an
effective and powerful tool to solve the problems surrounding these scientific projects,
researchers noticed that this proposition is not openly discussed in the context of science
education (Kind & Osborn, 2017).

Sternberg (2020) has emphasized that there are many countries in the world in
which standardized test scores are required, adopted and used in order to accept students
who wish to study in science-based programs. It is preferable that these tests measure the
basic skills that should be met by students who intend to study science subjects. In fact,
this is done in a non-essential way, compared to measuring the skills of scientific
creativity and the recognition of scientific influence. In three major scientific studies,
Sternberg (2020) conducted an investigation on the role of scientific creativity and the
perception of the scientific impact on scientific reasoning. To conduct these three
scientific studies, a university in the north-eastern United States of America was
intentionally selected, and 219 students were being tested. These student respondents
received assessments related specifically to scientific creativity and recognition of
scientific influence. In addition, a number of various questions have been placed, among
the evaluations that were used previously, with the aim of measuring the issue of scientific
inference, where alternative hypotheses were developed, experiments generated, and
conclusions drawn. The flexibility aspect of general intelligence that includes letter
combinations and number series was also evaluated. These students were also required to
sit and present scores on either or both the SAT and ACT tests in order to be admitted to
the university or college, taking into account some demographic information. The main
objective in Sternberg (2020) study was to identify and articulate clearly the relationship
between the new tests that were conducted regarding the scientific influence and
creativity and the extent of their relevance to each of the scientific reasoning tests and

fluid intelligence, by studying them separately or both together. Although the result of
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the global structure of the test on the issue of determining the scientific influence was less
clear compared to the test of scientific creativity, Sternberg (2020) found that the new
measures have greatly benefited from the aspects of scientific thinking, which they have
previously studied. They also found that those who participated in the test rated the
studies as having high-impact and that they were more rigorous from a scientific
perspective and were of very great benefit in practice, but they were considered to be as
low-impact studies. In general, these studies were criticized as being less innovative and
creative, and this may be due to the fact that the titles and academic abstracts that were
produced had low levels of creativity and innovation by the participants in terms of their
performance. The results repeated through these studies also included the existence of a
direct relationship between the groups of letters and the number series, on all levels and
measures of fluid intelligence, as well as the existence of this direct relationship between

scientific reasoning and scientific creativity. (Sternberg et al., 2020).

According to Erlina (2018), the elements of scientific reasoning consist of a set of key
components. These components can be identified in several ways: First, the variable
control (CV), which specifies the types of independent variables and their dependent
variables; Second, relative thinking (PPT), which is the determination of the relationship
between variables by using mathematical equations, numbers, tables, and graphs; Third,
it is known as Probabilistic Thinking (PBT), which is what predicts the resultant
opportunity that has been gained when replicating. The fourth type of the components of
scientific thinking is known as hypothetical deductive reasoning (HDR), and it
synthesizes a hypothesis based on a general concept related to a specific concept. As for
the fifth and final type of the components of the elements of scientific thinking, it is
known as associative or correlational thinking (CT). This type of thinking is done by
establishing reciprocal relationships, which may be interdependent or unrelated, within
the framework of variables. Referring to Bloom's revised classifications, scientific
thinking and its maturation process according to education researchers, must be viewed
through pretesting, based on mastery of important capabilities related to understanding,
analysis, remembering, application, evaluation, and creativity (Erlinaetal., 2018). In fact,
Kind and Osborne found that in the previous period, specifically in the last six decades,
a great qualitative development occurred in human perception regarding the types of real

cognitive levels that people need in their various fields of life. For example, researchers
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mentioned by Kind & Osborne have classified four classes of cognitive types, not just
one. They classified these types of cognitive thoughts as follows: conceptual, factual, and
procedural cognitive, and the last one known as metacognitive. In spite of that
classification, no clear vision was developed and presented in order to identify the
advantages and merits of the three cognitive types related to each of the content area, the
procedural, and the cognitive framework. These areas are fundamental and vital in

building, developing and learning correct scientific reasoning (Kind & Osborne, 2017).

Effendy and colleagues (2018) showed in their study that is about the ability of
scientific reasoning and mastery of physics concept, that when students reach the
cognitive level of C1, which is the highest cognitive level at 87.01%, its students are
included in the studied class (cognitive levels and its symbols are demonstrated in table
3). At this level, the students are able to exercise good scientific reasoning in dealing with
problems and thus become capable to solve problems correctly. However, at this level of
cognitive mastery, these students face the problem of memorization. On the other hand,
Effendy and colleagues found that the lowest level of intellectual and cognitive
perception takes place at the cognitive level C4, which is 41.99%. This cognitive level is
included in the being category. At this level, most students face difficulties and problems
in the use of scientific analysis in order to reach logical and correct conclusions and only
a small percentage of them are able to solve the problems correctly. It all depends
according to Effendy and colleagues, on students *ability and skills to use good scientific
reasoning. This clearly proves the importance and ability of mature scientific reasoning
in solving problems through employing analytical thinking to reach appropriate and
correct conclusions, especially in the study of physics because it relates to a number of
interlocking concepts with each other. Effendy and colleagues (2018) have stated that,
the total ability to master a student's concept is reached at number 60.38% and at this
level it is included in the medium category. In fact, there are different levels of cognitive
knowledge. Students can accurately answer questions within the framework of the
cognitive level C1 that are remembered, C2 which is the nature of understanding and C3
which is its application. While Effendy and others (2018) find in the C4 cognitive level
questions that are analysed, C5 that assesses and C6 creates, students attempt or strive to
get into trouble but then they encounter a real difficulty in dealing with and answering

the problems. This occurs because in the learning process students seldom encounter
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something contextually related to the subject being actually studied. Teachers are usually
directed towards enabling students to acquire mathematical abilities only, but when
students encounter problems that require honing analytical skills, in order to build and
evaluate them, they find difficulty to solve such problems (Effendy et al., 2018).

Table 3: Mastery of Concept Indicator retrieved from (Effendy et al., 2018).

Cognitive Level Aspect of Mastery Concepts Indicator
C1 Remember a. Recognize

b. Recalling

C2 Understand a. Interpret

b. Exemplify

. Classify

. Summarize

. Conclude
Comparing

. Explain

. Execute

. Implementing
a. Distinguish

b. Organize

c. Attribute

C5 Evaluate a. Check

b. Criticize

C6 Create a. Formulate

b. Plan

a. Produce

C3 Apply

oOvVIKQ HD OO

C4 Analyse

2.2.8.2 Examples of SR Assessment instruments

Kim and others (2014) discussed that, when different types of skills are taught, as
in the case of physics or any scientific or experimental course, various measures should
be utilized to assess all the learning dimensions. So, both traditional tests, and non-
traditional tests (i.e., Performance Based Assessments) should be prepared by instructors
to assess the students’ learning.

In 2013 Jing Han studied in a PhD thesis scientific reasoning development and
assessment. Han conducted in his research a series of studies, one of those studies studied
Lawson Classroom Scientific Reasoning Test (LCTSR) and its utilization in SR
assessment. Han indicated that LCTSR is the most widely used test in SR assessment.
But the test’s validity was not thoroughly investigated. Han showed few issues with the
design of the current version of LCTSR such as, the choices of question 8 as per Han,

which seems to include two correct answers, the thing that resulted in a low scoring of
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many students in on this question, in addition to similar concerns in some other items of
the test. These issues caused according to Han, a low ceiling even for good- developed
students. In spite of the concerns about LCTSR, the wide utilization of it provided a huge
pool of data that provide a rich source for researchers to compare their studied students’
skills with the test outcomes. Han results showed that, studying individual dimensions of
SR are better in reflecting in depth picture of SR skills of the studied sample. For example,
Han found that, on the Lawson’s test, the Chinese and American students are comparable
in their total SR scores, but they differ in five skill dimensions out of the six. The actual
reasons for these differences were under investigation; but initial indicators suggest
according to Han, that educational and cultural settings of the two countries contribute a
lot to these differences. Han’s analysis also provided numerical system of measurement
for the levels of difficulty of the LCTSR, and the participant’s skill dimensions. Han’s

results showed that LCTSR is optimum for high school students’ assessment.

In a study by Yuksel (2019), a comparison happened to explain why LCTSR is to
be utilized to assess SR and not Scientific Reasoning Skills Test (SRST) which was
developed by Yuksel (2015). The study showed that Lawson's transitional level is more
likely to relate to Piaget's previous official level of 'speculative deductive' than to Piaget's
mature formal level. If a comparison of the Scientific Reasoning Skills Test (SRST)
developed by Yuksel (2015) is made with the LCTSR test which has been utilized as the
main instrument in the current study, then the Cronbach Alpha reliability factor for the
Scientific Reasoning Test (SRST) that Yuksel (2015) developed, found to be 0.76. In fact,
the Scientific Reasoning Skills Test (SRST) consists of a total of seven sub-dimensions,
and the memorization laws and the six dimensions expected to be included in an
individual must be understood during the formal operational stage. The questions are
presented in the SRST sub-dimensions as shown in table 4.

Table 4: SRST Sub-Dimensions Questions

SR sub-dimension Question number
Conservation Laws 1,2,3
Proportional Thinking 4,5,6,7
Identifying and Controlling Variables | 8,9, 10, 11
Combinational Thinking 12,13, 14, 15
Correlational Thinking 16,17, 18, 19
Probabilistic Thinking 20, 21, 22, 23
Hypothetical Thinking 24, 25, 26

Looking at things all together, the results by Schiefer and others (2019) have shown
that, through written tests, it is possible to assess primary school children’s understanding
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of SIC by developing and implementing the SIC test in an objective manner. More
importantly, the results obtained from Schiefer, and others’ study have also helped in
providing and proving the preliminary evidence on the correctness of the construction of
the test scores obtained by these students. It is also possible to expand the package of
tools that are used to measure scientific reasoning for this age group of students. These
results have been supported by other recent studies, for example the two studies
conducted by Mayer and Koerber in 2014 and 2015, which have both provided more
empirical evidence that primary school children have the abilities and skills necessary to
use scientific reasoning to solve problems. In addition, the SIC test can be conducted with
the aim of evaluating the essence of scientific reasoning and then applying it in future
research and studies in order to evaluate the competencies of scientific reasoning among
primary school children or measure educational progress in the field of science learning,
for example, but not limited to, within the evaluation of scientific interventions for
students with high capacities or taking school curriculum. (Schiefer et al., 2019)

In our current time, Wati and others (2019) found that the issue of science
education does not focus only on quantity but goes beyond that to sharpen students'
motive and urge them to develop scientific thinking in order to solve the problems they
face in case studies. As a result, the main objective behind Wati and colleagues’ study is
to identify the abilities and skills of students within the context of using scientific thinking
in solving problems related to light science courses. Thus, the method employed in that
study is the descriptive approach. Survey tools were also used, and the instrument used
in the description is a light material consisting of 8 elements. The test was conducted on
a random sample of 201 elementary school students, who are the eighth-grade students
in Banjarmasin. To analyse the data and process it into recorded numbers, the RASCH
model was used, and the win step program was also employed to provide information on
fit, dress and unilateralism. This study by Wati and colleagues has achieved its intended
goal through the quality of the elements that are represented in measuring the item and
the person, the item bias, the reliability of the item and the person, and a variable map.
The results of Wati and others’ study have shown that the abilities of the students (studied
from the random sample) of scientific reasoning is low. Therefore, those interested in this
matter, including officials, professors, and researchers, should strive to raise and develop
the scientific reasoning capabilities of students in the future (Wati et al., 2019).
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CHAPTER 3

METHODOLOGY

This research study is a field experiment that has been conducted in a
college campus with real undergraduates, using a mixed method approach.
Johnson & Christensen (2014) stated in their book that the factors that
determine the appropriate mixture are the research questions and the practical
issues and situations that face the researcher(P.33).So, the researcher as an
educator wanted to quantitatively answer the first main question in this study,
and then reflect on some of the students’ perspectives that she often hears from

students after sessions or read it written by students in the course evaluation.

Quantitatively, the study tried to find a common pattern of the impact
of a change in the teaching approach (Independent variable) in the scientific
reasoning ability (dependent variable) of sample of students studying
introductory physics course. The advantage of the field experiment is that it
shows if certain manipulation can work in real life setting, but extraneous
factors should be controlled (Johnson & Christensen, 2014). The necessity for
explicit instruction of (SR) and the taught topics sequencing are two factors
found to affect the ability of the students to reason scientifically(Bao et al.,
2009), and these factors were considered in the setting of this study. The
introductory physics class was selected because the subject is logically
sophisticated and is emphasized commonly in science education (Lawson et
al., 2000). The resulting pattern can then be generalized as an outcome of a

quasi-study, with purposeful selection and randomly assigned sampling.

According to Johnson and Christensen (2014), purposeful sampling and
random assignment can be used to design a quasi-experimental research and
this design is weaker than the experimental design which is the strongest
possible design (random sampling, random assignment).But two-groups post-
test-pre-test quasi-experimental research design which is followed in this study
is stronger than the week experimental research designs, such as the one-group

post-test-only design or one-group post-test-pre-test design or the post-test-
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only with non-equivalent groups design. In the last-mentioned week design, the
non-equivalent word indicates that the two groups were not equal in all
variables (demographical, cognitive ability...etc.), most probably because of
non-random assignment (Johnson & Christensen, 2014). So, the effect of the
independent variable on the dependent variable can then be confirmed by
controlling any confounding variable resulted from the non-random assigning
of students in the study groups as they were already enrolled in sections by
choosing the section’s time that suits them, and generalization of the results
will be limited to population that may has similar characteristics of the
participating population.

(lvankova et al., 2006) declared that selecting certain research method
may be decided based on the purpose of the research and the specific design of
each stage. In the current mixed method research, a sequential exploratory
design was used to test the impact of delaying the lecture session to come after
the laboratory and problem-solving session, by revealing the perspectives of
the students and analyse it with the descriptive qualitative results. The priority
here will be given to the quantitative data, as the aim is to depend as much as
possible on the statistical difference between the change in scientific reasoning
of the treated group and the one of the control group, and that can be best
analysed by quantitative comparing procedures. Participating students’ views
and perceptions are to be reflected upon to know “should the order of teaching
sequence change; how can each session (Laboratory/Problem solving&
Lecture)be conducted to achieve the maximum possible positive impact”,
qualitative procedures such as in-depth interviews are the best to study this
part(Yin, 2003).

To clarify why the planned design of the current study is mixed
methods design; some points are stated as follow; First, the uniqueness of the
topic-context combination, especially in a country where the local and Arab
expats learners are learning in a second language (English). So, by using the
mixed methods, the qualitative analysis will reveal unique in-depth information
regarding students’ perceptions on the proposed teaching technique, on the

other hand; the statistical analysis of the numerical data will give valuable
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ideas for science educators in general and physics educators in particular about
which sequence of teaching better be adopted if they are targeting the scientific
reasoning of the students, or whether it does not make a difference. Moreover,
the quantitative method produces generalizable results which will be relevant
and of value to science education departments at the UAE and the Arab

countries (Creswell, 2003).

Eventually, using both quantitative and qualitative methods will make
the analysis of the results understandable. Due to Johnson and Onwuegbuzie
(2004), the main limitation of quantitative data is that the researchers do not
comprehensibly know what information can be figured out from the statistical
tests, the thing that make it difficult for the findings’ consumers such as
educational policy makers to depend on numerical un-explained data in their

policies.

As per Sandelowski (2000) each method will be supported by one
philosophical paradigm different from the one supporting the accompanying
method which take a place in the same research. Choosing a paradigm at the
beginning of the research, clarify the expectations, motivation, and objectives
of the research. It will also make it easier to select the proper methodology and
the design of the research (Mackenzie & Knipe, 2006). In this study, a post-
positivism philosophy will underpin the quantitative part, to assert what is the
reason behind the achieved outcomes. That is obtainable via the scientific
reasoning and common-sense reasoning which will be acquired from the

statistical numerical results (Sharp et al., 2011).

It was found in a quasi-study by Loehr, Fyfe and Rittle (2014) that the
absence of the phase of knowledge application after the instruction phase
during the lecturing session may remove potential benefits of the explore-
instruct teaching approach. This finding by Loehr, Fyfe and Rittle (2014) was
also proved by She and Liao (2009) in a quantitative study, for grade eight
students in Taiwan. She and Liao conducted an experimental design study to
test the impact of the instruction approach and the effect of the level of the
scientific reasoning of the students, on their achievement and scores in three

33



tests which were provided by the researchers to measure their scientific
reasoning, concept construction and conceptual change. And they found that
the gained knowledge from the delayed lecture should be implemented directly
in the same session for the SR and conceptual change to be enhanced. So, such
findings by such quantitative studies are expected to be generalized and it was
considered in the context of the current study. To reveal such conditions in the
current study, qualitative part proposed by the researcher to take place after the
quantitative, aiming to know more about the optimum conditions for the new
explore-instruct approach to explore as many implicit factors as possible that
affect the targeted impact of the proposed technique; qualitative paradigm, in
the form of semi-structured interviews had been used beside the quantitative
one.

The current research considered the study by Ruiz-Primo and others (2011)
at which they tried to develop scientific research of instructional innovations
by emphasizing critical issues, and recommended the following: first,
descriptive statistics (sample sizes, means, standard deviations) need to be
included by all studies for all control and intervention groups on all statistical
analysis cases. Second, researchers should try to randomly assign participants
to control and treatment groups whenever possible. if this is not feasible,
researcher should try to demonstrate that the study groups are equivalent
before the intervention with respect to variables (e.g., demographics, prior
academic achievement). Finally, researchers should be alert to the quality of
their results; if results are not reliable and valid, subsequent interpretations may
become misleading, and specific deficiencies may weaken the studies. (Ruiz-
Primo and colleagues view that, ensuring the previous recommendations are
being considered is a joint responsibility of; researchers, reviewers, journal
editors and funding agencies, and they emphasise that experts in experimental
methodology and research in education and educational assessment’s experts
can contribute enormously to improve instructional innovations in science’s

research (Ruiz-Primo et al.,2011).
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Validity may be evidenced by assessing the test content by an expert; in
this regard, Lawson made, assessed and updated Lawson Classroom Scientific

Reasoning Test (Lawson 2003).

To conclude this methodology part; the proposed design of this study,
and due to the previously mentioned purposes, is to be a sequential exploratory
mixed design. In the first phase, a quantitative quasi-experiment approach will
be utilized to find the difference in SR. ability of the students’ pre- intervention
and post- intervention, and then compare that difference with the same
difference of a control group who will experience a traditional instruct-solve
(Loehr et al., 2014) (Loehr, Fyfe &Rittle-Johnson, 2014) teaching approach.

3.1 Context of the study

The study took place in scientific colleges of a private university at the
United Arab Emirates, students who were registered in Introductory Physics
for scientists and engineers’ course in several undergraduate levels of college
were enrolled in four sections, the four sections were assigned into two groups.
according to the population of students in the sections accessible for the
researcher, the studied sample size was defined (should be in average 103
students out of a population of 140 students) according to a sample size
identification table: 10.5 in Johnson & Christensen (2014, p. 266-267).

The total number of participating students was 204 (57 males, 147
females). Age of all participating students ranged between 17 and 26 years old.
As per (Drachsler & Kirschner, 2011) learner characteristics are important to
be known before tailoring any teaching pedagogies.

Demographic  characteristics of the participating learners were as
follow, 78 female and 22 males, with 40 UAE nationals participants and 60
expatriates. These students’ curricula of high school were a mixture of
National UAE curricula, American curriculum, National English Curriculum
and Indian curriculum. This curriculum mixture is found in almost all UAE
universities (Kurian & Al-Assaf, 2020). The participants’ level of college year
extended between foundation year to 5" year of university.
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Intellectual characteristics of language and SRA of participants had
also been analysed via studying the participants’ IELTs scores and SRA score
in Lawson test of SR. Participants’ English language level extended between
5.5 and 7.5, where minimum admission requirement in UAE universities is 5.5
in IELTs. SRA of participating students showed 64 concrete reasoner, 35
transitional and 1 formal.

After studying the performance of students prior to the course and post
the course, participants with 3 or more points decreasing SRA were excluded
from the sample as per (Cone et al.,, 2016) where it has shown that the health
sciences reasoning test manual indicated “students who score three or more points
lower than their previous test score were likely less engaged in the test, as an
individual’s critical thinking ability does not decrease significantly over time, except
in case of disease or accidental injury’p.719 . Also, students who did not finish
more than 60% of the questions or who took less than 15 minutes to complete
the test and those who had the test either pre- or post- the treatment and not
both were all excluded. Finally, 100 (27 males, 84 females) students were left,
out of which 20% were UAE Nationals, and the rest were from other different
nationalities. Fifty-one students were assigned to the control group and forty-
nine to the experimental group. Both groups received 45 hours of physics

sessions in a period of 15 weeks (3 Hours/Week).

The course covered the topics of; Units, Vectors and Scalars, vectors
product, motion in one and two dimensions, Newton’s laws of Motion,
Circular motion, Work and Energy, Conservation of Energy and Oscillatory

Motion.

The control group did not experience Explore-instruct approach, they
were taught using the common physics lectures teaching approach that starts
with explaining the concepts and the steps of solving the related problems,
followed by the instructor solving an example with the students and draw their
attention to the pitfalls which students usually do when solving such examples
and finally assign to the students’ extra problems to be solved as homework.
The laboratory experiments related to the topics are either conducted later

during the same term or in a later term as the laboratory is considered a
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separate  module not registered by some students in the same term with the
Physics module (not a co-requisite to the Physics module), but the Physics
module is a pre-requisite to the Physics-laboratory module.

The experimental group in the other side contained students who had
registered the laboratory and the physics module in the same term but were
conducting the experiments in the laboratory prior to having lectures in the
physics module. This group also was taught using the Explore-instruct teaching
approach. At the beginning of each theory session the students are exposed to
problems to be solved prior to explaining the concept and trials of students
were then discussed and good trials students were rewarded incentive marks,
that was then followed by explaining the concept and accordingly asking the
students to solve the previously discussed problems with the guidance of the
instructor and reminding the students of the reached results of related

experiments previously conducted in the laboratory.

3.2 Instrumentation

3.2.1 Quantitative instrument- LCTSR

In the quantitative part of the research and to answer the first question,
Lawson Classroom Test of SR (LCTSR) have been utilized (Appendix II).
LCTSR is a multiple-choice two-tier tool that was developed by Lawson in
1978 (Lawson, 1978) updated in 2000, to measure the students’ scientific
reasoning (Lawson, 2003).It evaluates students’ abilities in six dimensions
containing; conservation of matter and volume, proportional thinking,
Correlational thinking, correlative thinking, control and identification of
variables, and hypothetic—deductive reasoning ability(Boudreaux et al. 2008;
Lawson 2000; Chen & Klahr 1999). LCTSR has 12 items (questions), with
each item containing two tiers, the first tier is for selecting the answer, and the
second tier is for selecting the reason of choosing that answer. The second tier
demonstrates the ability of the student to use one of the previously mentioned
thinking dimensions. One point for each item will be scored only if the two
tiers of the item been correctly solved by the student. So, the maximum score is
12 (100%). Based on the score, everyone can be categorized according to

his/her formal reasoning level. Below 33% are the concrete operational
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reasoners, 41% - 66% are the transitional reasoners and students who score

more than 66% are the formal operational reasoners(Marusi¢ & Slisko, 2012).
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Figure 5. Dimensions of SR in LCTSR.
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3.2.1.1 Procedures undertaken to support validity:

Accuracy and validity of the inferences made by the researcher
depending on LCRSR test scores can be evidenced based on the internal
structure of the test. Lawson (2003) showed that reliability of scores achieved
in this test to the actual Scientific Reasoning Ability (SRA) of people achieving
these scores is acceptable, providing Cronbach’s alpha of 0.88 (a>
0.70) which is according to Johnson and Christensen (2014) evidence of
reliability and validity. Validity can also be evidenced by assessing the test
content by an expert; in this regard, Lawson made, assessed and updated
Lawson Classroom Scientific Reasoning Test (Lawson 2003) But other experts
showed that even though LCTSR was popular and widely used (Lei Bao et al.,
2018), the results of Lei Bao and others (2018) suggest that the test is a
practical instrument to assess a unidimensional scale of SR. The tool has a
good overall reliability for the whole test. But examinations of individual tier
of question pairs raise a range of validity concerns. So the researcher reviewed
literature on results validity of LCTSR. Procedures have also been taken to

ensure the validity of LCTSR results in the current study.

3.2.1.1.1 LCTSR results’ validity in literature :
Moore and Rubbo, (2012) indicated that investigating differences in populations of

students is important when we compare the normalized gains on SR or on concept
inventories, and according to Coletta & Steinert (2020), different student populations may
show significantly different reactions to the same pedagogy, so we need to consider
measuring the abilities of the participating students before we interpret any normalized gain(
Coletta & Steinert, 2020).

Luo and others (2020) found that LCTSR is suitable for different grades’
students as their scores were mostly between 9 and 25; Mean=16.41,
SD=4.492, and all students were able to finish the test during the assigned time.
Student saw that LCTSR test was for assessing their general “intelligence” or
“thinking”, not for science knowledge. Students in Luo and others’ study found
that some of the questions in LCTSR were difficult to understand, so the
questions were verbally explained or rephrased by the researcher for the
students to make it understandable (Luo et al., 2020). The influence of English



language proficiency and SRA skills on the performance of Hispanic English
language learners and native English speakers’ students in grade 10 on a
standardized science test have been studied by Torres and Zeidler (2002). The
results presented by Torres and Zeidler (2002) implies that both factors of
higher order of English language competence and SR skills were proven to
forecast success in learning concepts of science. (N Torres & L. Zeidler, 2002)

3.2.1.1.2 Validity in the current study:

In the present study, Reliability and Internal validity have been ensured throughout
the research. Following is a brief about quantitative results validity, and more details are
shown in the results’ section.

Reliability refers to the consistency of a set of scores of certain tests. One of the
methods to compute that reliability is internal consistency of the test. Internal consistency
assesses the consistency with which a test measures a single concept. But in case of a
heterogeneous test, where more than one dimension or construct are being measured,;
reliability of each dimension needs to be assessed. And Coefficient alpha “Cronbach’s
alpha a” is the formula that gives an idea about the reliability. value of alpha also depends
on context, but generally, if @ equal to or greater than 0.7 it reflects adequate reliability
(Johnson and Christensen, 2014). To ensure reliability and consistency of the used test’s
items in the current study, reliability of the test in the recent context of this research was
checked for each subscale of the six subscales of LCTSR at the beginning of the term
before experiencing the physics course (Pre-test). The data collected via Pilot study from
18 students which were not included later in the main sample, and was analysed using
SPSS 21 to reveal adequate reliability of each subscale and of total test (more details are
in table 6 in the results’ section). The aspects or dimensions of scientific reasoning and

the related number of questions in LCTSR are as follow (Lawson, 1995).

Dimension Question No.

Conservation of weight

Conservation of volume

Proportional reasoning

1
2
Proportional reasoning 3
4
5

Identification and control of variables

2



Identification and control of variables 6
Identification and control of variables 7
probabilistic reasoning 8
probabilistic reasoning 9
probabilistic reasoning 10
Combinational reasoning 11
Correlational reasoning 12

To ensure internal validity (causal validity) which means according to Johnson and
Christensen (2014) “establishing a trustworthy evidence of cause and effect” (p. 281),
both factors of student’s understanding of the test’s questions and the causal effect of the
independent variable (teaching strategy) have been ensured.

LCTSR in English language, was used at the beginning of the semester to gauge the
SR ability of the students in the two groups before the intervention. One group which
received the traditional instruct-solve approach (Control) and the other one that received
explore-instruct (Experimental). The same test then had been provided for all students at
end of the semester. Participants in both groups were not native English speakers. But
The researcher and the instructor had the same home language of 86% of the participating
students, and as per Quinn and others (2012), native language support for English
Language Learners (ELLs) can be used to learn academic processes and content in
English. That has been shown by Quinn and others in academic classrooms including the
science classroom.

In Science classroom, communication and reinforcement of key scientific concepts
and vocabularies in the students’ native language impact learning as per (Hudicourt-
Barnes, 2003). Students are also to be allowed to communicate with peers using mixtures
of English and their first language, described as “translanguaging.” by Garcia (2009)
(Quinn and others ,2012)

Sireci and Faulkner-Bond (2015) discussed and illustrated several validation
studies, using many statistical methods that can evaluate the consistency of test’s
properties across both populations of ELL and non-ELL (e.g., confirmatory factor

analysis), assess item functioning such as Differential item functioning (DIF) analysis,



and assess the existence of factors irrelevant to the test construction that may hinder
ELL’s performance (e.g., multiple regression analysis) (Sireci & Faulkner-Bond, 2015).

A study by (Turkan & Liu, 2012) conducted Differential item functioning (DIF)
analysis with regard to ELL status on an inquiry-based science assessment and results
showed that, overall, ELLs performance was significantly lower than non-ELLS. Three
of the four items which showed DIF have favoured non-ELLs in Turkan and Liu (2012)
study, while one item favoured ELLs. The item which favoured ELLs was the one that
provided a graphical representation of a science concept inside a family context. The
reason may be behind the constructed response represented in the graphical
representation. Because as per Turkan and Lio some evidence is there supporting the fact
that constructed-response items can support ELLS communicate SR using their own
expressions. So, teachers need to pay attention to the probable interaction between science
content and linguistic challenges when teaching or when designing assessment to ELLS.
Sireci and Faulkner-Bond (2015) have learned a lot about different accommodations’
types that may help ELLs when assigned academic assessments. They benefited from
Abedi and Ewers (2013) meta-analyses, and classifications in understanding the kinds of
accommodations which are most likely to be efficient in eliminating linguistic barriers on
a test while staying genuine to the measured content (appendix 11X) (Sireci & Faulkner-
Bond, 2015)

In the United Arab Emirates (UAE), undergraduates are diverse in their
nationalities as well as in their followed high school curriculum. Paper of (Kurian & Al-
Assaf, 2020) presents a pilot study conducted in a context close the current study context,
at Rochester Institute of Technology (RIT), Dubai to identify the impact different high
school curricula have on undergraduates’ performance in the university. Academic as
well as non-cognitive measurements of records of 213 undergraduates were studied. And
as per Kurian and Al-Assaf (2020) Indian curriculum undergraduates were found to
perform better than other students in university. UAE’s national curriculum was found to
be a revised version of American curriculum. Readiness for college of UAE’s national
curriculum undergraduates was noticed to be the lowest in the studied population.
Revised American curriculum undergraduates showed a noticeable gap between their
actual performance (Grade Point Average) and the self-perception of their capabilities
(Kurian & Al-Assaf, 2020).



Significant difference tests were performed in the multi-group design followed in
this study, to check differences in scores and categories of SR collected prior to the
physics course in the two groups. The reason for those tests in general is because
researcher had to use groups which are already formed (undergraduates already enrolled
in sections) giving up the random selection and accordingly the participants in the two
groups may differ which is the case in this study.

So, scores of SR dimensions are to be analysed against gender, age, nationality,
IELTs scores, and the starting SRA prior to having the intervention. If p-value of the t-
test (between two groups) or ANOVA test (between more than two groups) are less than
0.05 (p < 0.05), that shows less than 5% acceptance of the null hypothesis that states
“There is no difference in scores and categories of SRA between the groups” and more
than 95% rejection of the null hypothesis (Christensen et al., 2014). Once any
confounding factor related to the previously mentioned demographics of participants is

discarded; the causal validity of the teaching pedagogy will be more trusted.

3.2.2 Qualitative instrument- Email’s interview

In the 1980s and 1990s the semi-structured interviews were developed by
the psychologists Scheele and Groeben to study subjective theories in fields as
schools and other professional work areas (Uwe Flick, 2014, p.217).
Accordingly, in the qualitative part here, semi-structured email interviews had
been carried out. In taking the decision of choosing semi-structured interviews
as a mean of data collection in this part of the research, the researcher
depended on the following points: First, the second research question represent
a mean for exploring the students’ views, this will guide us in deciding how
each teaching session — Laboratory/Tutorial for problem solving or lecture —
should differ when switching from traditional style to the style under
investigation to achieve the optimum impact. Second, semi-structured
interviews are featured according to Uwe Flick, (2014) with prepared open-
ended, hypothesis-directed, and conferential questions which leave a space for
the interviewee’s perspectives which are under consideration here to be
revealed. Thirdly, the semi-structured interviews are not difficult to be applied

by the researcher who is an educator with a reasonable experience in



communicating with students and getting their feedback. Lastly, this type of
interviews is believed by the researcher to suite the type of interviewees in the
current study; as the college students are expected -to some extent- to value the
educational research and to be willing to give their own perspectives.

Flick also demonstrated in his book the different types of questions to
be asked and their sequencing in the interview protocol. Open-ended questions
to be at the beginning of the interview and to be answered based on the
knowledge which the interviewee has at hand. Following the open questions
are the hypothesis-directed questions in which the interviewer gives his
assumptions as offers for the interviewees, either they take it up or reject it.
Together with the previous two types of questions come the confrontational
questions at the end to validate the participants’ perspectives (p. 218). The set
questions for the participants in this study, aimed at exploring their opinion on
the tried teaching strategy which they experienced in the physics course,
exploring their view about their lab experience, and in which case do they think
they had been able to understand the concept or the principle of the experiment
more; If they conduct the experiment (perform it by following the steps
provided in the sheet or the manual) then receive the lecture from the
instructor? Or, if they fully had the lecture by the instructor and then have the
experiment? (hypothesis-guided open-ended question).The last question for the
interviewees was the confrontation 2-choises question, about their opinion;
if they feel comfortable with the Explore-instruct strategy? and if they agree
with the view that “Explore-instruct approach ultimately clarifies the concept
more than the instruct-solve (conventional) strategy, but the student doesn’t
feel comfortable in conducting the experiment before being instructed”? and if
there was any point they would like to mention about explore-instruct teaching
strategy?

E-mail was used to interview the students. The reason for selecting the
e-mail as an interviewing tool is that the participants and the researcher
happened to be at two different cities at the time of the interviews, and as
per(James, 2016); email interviews give interviewees space and time to reflect

on their academic experiences. And the asynchronous communication gives



them time preference. Two from the middle and two from the low Normalized
gain of SR replied to the email interviews’ questions. The replies were then
coded and analysed using thematic coding by the researcher to induce
conclusions (subjective theories of students as per the grounded theory by
Glaser and Strauss (1976)).

Some disadvantages of content analysis are details’ loss and the loss of “sense of
individual participants” (Wilkinson, 2008, p. 201) in addition to some issues in coding
that appear when trying to integrate many quotes into related meanings. However, if the
qualitative data had been collected from big number of participants, coding problems
would be greater. In the current study coding problems are less likely to happen as a small
sample is less likely to be compelled into category groups; small number of responses are
much easier to interpret than bigger number as per Hseih, and Shannon (2005). But there
may be a loss of some perspectives as not all participants were included in the interviews.

3.3  Ethical consideration

The ethical clearance was obtained prior to starting any processes of
investigation or data collection, because human resources of the considered
institute to be used in the research (Appendix I). The proposal was submitted to
the Institutional Board of Research (IBR) and a form of ethical clearance was
filled and attached to it. The students’ consent was also obtained prior to

participating in any of the study parts.



CHAPTER 4

DATA ANALYSIS AND RESULTS

This section presents the Quantitative and Qualitative data collected and the
statistical analysis to answer the first and second research questions. The researcher
collected quantitative data via Quasi-experimental method with two groups design.
Students enrolled in four sections of University Introductory Physics were tested to level
their Scientific Reasoning Ability (SRA) at the beginning of a three-months term. The
total sample size was 110 students at the beginning. The sample was then split into
experimental and control groups and that was to eliminate threats to internal validity that
may result from any extraneous variable other than the independent variable (Johnson &
Christensen, 2014). After collecting data and cleaning it from data of incomplete tests’
scores and scores that showed decrease in the total SRA which is decided to be inaccurate
(Cone et al., 2016), V.P. Coletta showed with Steinert (2020) that Pre-test and post-test
statistical results on conceptual tests are significantly disturbed by guessing. The
disturbance decreases if the scores increase. But the normalized gain is almost unaffected
by the guessing and may be securely used even if pre-test and post-test scores need
significant correction. eventually the number of participants became 100 (51 control, 49
experimental). Randomizing the students in sections was not authorized for the researcher
in this study, because the registration process of students in the different sections took
place earlier by the students themselves and the registration department. Average number
of students in each section was 25. The control group experienced the traditional lecturing
strategy of presenting the topic by the instructor and solve example problems and finally
engaging the students in solving problems. Participating students’ SRA was measured
again at the end of that term. The experimental group in the other hand; taught via the
Explore-Instruct teaching strategy under study where they explore solving problems first
followed by discussion of solutions and the instructor presentation of the topic at last.
After documenting their scores pre/post receiving the physics course; the participants’
data was then analysed using ‘IBM SPSS 21’ to answer the first research question “Is
there a difference in college students’ scientific reasoning ability’s (SRA) development if

taught via explore-instruct teaching style compared to the instruct-solve style (traditional



approach) in physics?”. In answering this question, the following hypotheses and their

alternatives were set:

Ha: There is significantly higher scores of SR Post-test than Pre-test for all participants
in both the control and experimental groups.

Hor. There is no significant difference between SRA Post-test and Pre-test for all
participants in both the control and experimental groups.

Ha: There would be a significantly higher Normalized Gain in all dimensions of SR in

the experimental group than in the control.

Ho2: There is no significant difference in all dimensions of SR between the experimental

and the control group.

Ha: There is a significantly higher tendency of improving the category of SRA in the

experimental group than the control group.

Hos: There is no significant difference in tendency to improve category of SRA between

the experimental and the control group.

Description of participants’ demographics was the preliminary analysis
presenting the characteristics of the studied samples. Following the sample description is
the descriptive analysis to study the characteristics of the collected data of variables under
investigation, starting with data distribution, and then presentation of numerical
characteristics of collected data, such as the mean, standard deviations, minimum,
maximum and percentages distribution in categories. Lastly the inferential tests are to be
performed to study the relation between variables and be able to predict the effect on a

variable if another variable experienced a change (Johnson & Christensen, 2014).

Email interviews were sent to six participants to answer the second question. 2
students with the highest SRA Growth, 2 with the middle SRA Growth and 2 with the
lowest SRA in the experimental group. Four of the six replied, the purpose was to explore
students’ perceptions related to Explore-Instruct teaching approach in Physics courses

and laboratories.

4.1 Results of Question 1- Lawson Classroom Test
The results of this part have been carried out to answer the first research question;

“Is there a difference in college students’ scientific reasoning ability’s (SRA) growth if
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taught via explore-instruct teaching strategy compared to the instruct-solve strategy
(traditional approach) in physics?” The software suggested by Muijs, (2011) “the
Statistical Packages for Social Studies (SPSS)” was used, and the section is divided into
four parts. It begins with a description of the participants” demographics in the first part.
The second part presents the descriptive analysis of quantitively collected data. This
second part intended to analyse the dependent variables and relations between them;
including Pre-intervention variables (LCTSR Scores prior to the intervention, Category
of SR of the student prior to the intervention “Categ.SR-PRE”) and Post-intervention
variables (LCTSR Scores post the intervention “Post-test”, Category of SR of the student
prior to the intervention “Categ.SR-POST.” And SRA Growth) in both groups. The third
part of this section deals with the reliability and validity of the SR test to this study.

In the last part of this section, inferential statistical analysis carried out to study
the hypothesis set above. It described the inferences and predictions that may be made
about the studied population depending on data from the sample of this population
(Johnson & Christensen, 2014). Differences between the experimental and control groups
in SRA Growth is studied in this inferential statistics section. Distribution of students
among the different stages of SR and their mean score in each category after experiencing
the two teaching styles was also analysed, followed by correlation tests between
dependent and independent variables which as per (Johnson & Christensen, 2014)
provides information about the relationship between two variables. Finally, regression
analysis took place to study the relation between Post-CoV and Pre-CoV. and, between
the teaching strategy and N-Gain in CoV.

4.1.1 Descriptive statistics -Demographics

Demographic analysis of participants had been carried out for (N =
100) participating students, the control group contained (n =51) students
enrolled in two sections of General Physics-1, and the other (n = 49) students
in the experimental group enrolled also in two sections (Figure 6) . These
participants were in various academic levels (Foundation year to 5" year) of a
private university in the United Arab Emirates and General Physics-1 course

here was a college requirement course for scientists and engineers.
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Study Groups

= Experimental = control

Figure 6. Percentage of students in the control and experimental groups

Age of all participating students ranged between 17 and 26 years old. In
the experimental group 98% of the undergraduates were below 21 (19-20)
years old and only 2% were more than 21 years old. The control group
included 53% below 21 years old (17 — 20) and 47% of the total number of
participants were at /elder than 21 years old (21-26) years old (Figure 7).

Gender distribution of the sample was as follow; The experimental
group was 100% (n = 49) females, while the control group included 57%
(n=29) females and 43% (n=22) males.

11
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Figure 7. Age distribution of the participating students

Nationalities of the participates had also been studied, and among the students
in the experimental group, 69%, (n=34) were UAE national students while 29% (n=14)
were Arabs non-UAE nationals and 2% (n=1) Pakistani student, The control group
included 12% UAE nationals, while the rest were expatriates as shown in Figure 8 .
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Figure 8:Nationality distribution of the participants in the experimental group.
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Figure 9. Nationality distribution of the participants in the control group.
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Figure 10. English language level-1ELTs

The language of LCTSR was English, while the participant’s native language was
not English (mostly Arabic). So, students’ English language level was indicated by their
IELTs scores and presented in Figure 10. English language level-IELTs The IELT’s
scores were categorized for this study context and as per a statistician view into four
groups: (1) 4-5.5, (2) 6-6.5, (3) 7-7.5, (4) 8 and more. 76% of the experimental group
data of IELTs was missing (Figure 10).

The last demographic to be presented here; the SR level of participating students
prior to the intervention (Pre-test% and Categ.SR-Pre), it gives an idea about the
participant’s SRA before being affected by any factor during the time of this study. The
percentage of the total SR of each participant identify the category of SR level that
participant is in. As per Lawson (1995); Concrete operational score 33% and below, while

transitional reasoners score between 41% and 66% and formal reasoners score between
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67% and 100%. Percentages of student’s categories in both study groups were presented
in Figure 11

Control Group Categories Pre-test Experimental Group Categories Pre-
Formal test
2%

Tran

= Concrete = Transitional = Formal = Concrete  » Transitional = Formal

Figure 11. Categories of SR pre-instruction

At the beginning of the term, out of the 49 students in the experimental group 80%
(n=39) were in the concrete level of SRA, 57 % (n=10) transitional reasoners and none
was a formal reasoner. In the control group, which contain 51 students, 49% (n=25) were
categorized as concrete reasoners, 49% (n=25) transitional and 2% (n=1) formal

reasoners.

Starting score of each dimension of SR, can be described here as a demographical
variable of participants in the two study groups. SR have according to (Anton E. Lawson,
2004) six dimensions. Table 5 presents descriptive statistics of the six SR dimensions’
percentage prior to the instruction for participants of this study (N = 100) in both the
experimental (n = 51) and control (n = 49) groups. Percentage of any dimension either

prior or post the course was calculated utilizing the following formula:

frquency of correct answers or frequency of 1's for the dimension's questions

Pre test % = - - - - -
Maximum possible frequency of 1's for the dimension's questions

X 100 %

Table 5: Pre-test % Descriptive Statistics

SR dimension Group N Minimum Maximum Mean SD
Control 51 0 100 63.73  28.423
CR Pre-test .
Experimental 49 0 100 50  30.619
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Control 51 0 100 26.47  39.183
PPR Pre-test )
Experimental 49 0 100 13.27  26.567
CoV Pre-test Control 51 0 100 26.73  28.346
Experimental 49 0 100 20.33  27.055
Control
CMR Pre-test _ 51 0 100 66.67  40.825
Experimental 49 0 100 23.47  34.007
Control 51 0 100 29.41  46.018
RR Pre-test. .
CRRPretest. by perimental 49 0 100 2245 42157
Control 51 0 50 6.86  17.377
HDR Pre-test £y nerimental 49 0 50 2449 25254

(CR) Conservational Reasoning, (PPR) Proportional Reasoning, (CoV) Control of Variables,
(CMR) Combinatorial reasoning, (CRR) Correlational reasoning, (HDR) Hypothetical-deductive
Reasoning.

4.1.2 Reliability — LCTSR test

Before accomplishing the empirical tests, Reliability, and validity of the
used LCTSR Lawson Classroom Test of Scientific Reasoning was checked in
the context of this study. As per Johnson and Christensen (2014) “when
judging the performance of a test and your interpretation based on that test,
remember that reliability and validity are both important properties. You need
both.” (p. 166).

Reliability refers to the consistency of a set of scores of certain tests.
One of the methods to compute that reliability is internal consistency of the
test. Internal consistency assesses the consistency with which a test measures a
single concept. But in case of a heterogeneous test, where more than one
dimension or construct are being measured; reliability of each dimension needs
to be assessed. And Coefficient alpha “Cronbach’s alpha a” is the formula that
gives an idea about the reliability. value of alpha also depends on context, but
generally, if a equal to or greater than 0.7 it reflects adequate reliability
(Johnson and Christensen, 2014).

Lawson Classroom Test of Scientific Reasoning (LCTSR)evaluates
students’ abilities in six dimensions containing; conservation of matter and
volume (CR) covered in questions 1 - 4, proportional Reasoning (PR) covered
in questions 5 - 8, control and identification of variables (CoV) covered in
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questions 9 - 14, Combinational Reasoning (CMR) covered in questions 15 -
18, Correlative Reasoning covered in questions 19 — 20 and Hypothetic—
Deductive Reasoning (HDR) covered in questions 21 - 24 (Boudreaux et al.
2008; Lawson 2000; Lawson, 2004; Chen & Klahr, 1999). LCTSR questions’
distribution among the aspects or dimensions of SR are demonstrated in Error! R
eference source not found..

Accuracy or validity of the inferences made by the researcher, after data
collection and recording of the test scores, may be evidenced based on the
internal structure of the test that was discussed earlier in the reliability section.
Validity may also be evidenced based on assessing the test content by an
expert; Lawson created, assessed and updated Lawson Classroom Scientific
Reasoning Test (Lawson 2003)and showed that reliability of this test to the
study of Scientific Reasoning Ability is acceptable with Cronbach’s alpha of
0.88 (a = 0.70)which is according to Johnson and Christensen (2014) an
evidence of reliability and validity. When (Luo et al., 2020) analysed scores of
552 students, the correlation between the students’ SRA test scores and the
scores of LCTSR was .527, Such association indicated that, in line with the SRA
test which had Cronbach’s a of .809 indicating good reliability, LCTSR also had
good and statistically significant practical validity and would help determine
students’ SRA.

Though the popularity and wide usage of LCTSR; (Lei Bao et al., 2018)
The results of Lei Bao and others (2018) suggest that the LCTSR is a practical
instrument to assess a unidimensional scale of SR. The tool has a good overall
reliability for the whole test. But examinations of individual tier of question
pairs raise a range of validity concerns. So, reliability of the test in the recent
context of this research was checked for each subscale of the six subscales of
LCTSR at the beginning of the term before experiencing the physics course
(Pre-test). The data collected via Pilot study from 18 students which were not
included later in the main sample, was analysed using SPSS 21 and revealed
adequate reliability of each subscale (Table 6). It is clear in Table 6 that all
sub-scales are trusted to be reliable, even the lowest a« value of the Control of
Variables sub-scale (a = 0.665) may be rounded to 0.70.  After that, all
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factors together with their 12 sub-items were used to compute the total
reliability of the test and it is found to be good and equal to 0.703. one may
therefore conclude that the consistency of data collected from the current
population is assured.

Table 6: Reliability test

Factors 24 Sub-Items 12 Sub-items Cronbach’s Alpha N of Items Nu;gk;)ssr of
Item 1
Q1
; Item 2
Conserva_tlonal 717 5
reasoning Iltem 3
Q2
Item 4
Item 5
Q3
; Item 6
Proportl_onal 750 9
reasoning ltem 7
Q4
Item 8
Item 9
Q5
Item 10
Control and Item 11
identification Q6 .667 3
of variables ltem 12
Item 13
Q7
Item 14
Item 15
Q8
PR Item 16
Comblnayonal 776 5 18
reasoning ltem 17
Q9
Item 18
; Item 19
Correlat!onal Q10 1 1
reasoning Item 20
Item 21
Hypothetical- ltem 22 Qi
Deductive .750 2
reasoning Item 23
Q12
Item 24
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After checking the reliability, and to ensure internal validity and the causal effect
as per Jonson and Christensen (2014), demographics of students need to be proved not to
have a significant effect on participants’ performance. That non-significant effect is
essential to assure strong relation between the noticed difference -between the
experimental and control group - and the studied independent variable (Explore-Instruct
teaching strategy) and minimize threats to internal validity.

4.1.3 Internal validity - Testing for SR Differences related to Demographic
differences.

To ensure internal validity (causal validity) which means according to Johnson and
Christensen (2014) “establishing a trustworthy evidence of cause and effect” (p. 281)
significant difference tests were performed in the multigroup design followed in this
study, to check differences in scores and categories of SR collected prior to the physics
course in the two groups. The reason for those tests in general is because researcher may
have to use groups which are already formed (undergraduates already enrolled in
sections) giving up the random selection and accordingly the participants in the two
groups may differ which is the case in this study. Moore and Rubbo, (2012) indicated that
investigating differences in populations of students is important when we compare the
normalized gains on SR or on concept inventories, and according to Coletta & Steinert
(2020), different student populations may show significantly different reactions to the
same pedagogy, so we need to consider measuring the abilities of the participating
students before we interpret any normalized gain (Coletta & Steinert, 2020).

Therefore, the scores of SR need to be analysed against gender, age, nationality,
IELTSs scores, and the starting SRA prior to having the intervention. If p-value of the t-
test (between two groups) or ANOVA test (between more than two groups) are less than
0.05, that shows less than 5% acceptance of the null hypothesis that states “There is no
difference in scores and categories of SRA between the groups” and more than 95%
rejection of the null hypothesis (Christensen et al., 2014). So, there will be a significant
difference between the variables only if p < 0.05.

The data distribution of variables should be tested to ensure a normal distribution.
That normality test is essential to decide on the types of statistical tests needed further;
whether it should be parametric in case of normal distribution or non-parametric tests if

the distribution is not normal.
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According to Ahmad et al. (2018) One Sample Kolmogorov-Smirnov Z-test
compare the distribution of the data under study against a standard theoretical distribution
curve and normality of data would be proved if Kolmogorov-Smirnova p values were less
than 0.05 (Huizingh 2007; Ahmad et al., 2018).

Therefore, One Sample Kolmogorov-Smirnov Z-test of normality was performed
to decide on normality of the Pre-test% of SR-dimensions, Post-test% of SR-dimensions
and N-Gain in each dimension for the total sample size and results are demonstrated in
Table 7. The abbreviation of each variable is used in the table with the full-form provided

in the notes under the table.

P- values of Kolmogorov-Smirnova for pre-test scores , post-test scores and SRA
Growth of all dimensions were less than 0.05 (p< 0.05 ) revealing a non-normal
distribution. Accordingly, significant testing among demographics should be performed
via non-parametric tests of Mann Whitney instead of t-test and Kruskall-walis instead of
ANOVA.

Table 7: One Sample Kolmogorov-Smirnov Z- test

N Mean SD Kolmogorov- p
Variable Smirnov Z

CR 100 236 278 2.92 0.00

5 PPR 100 455 433 2.73 0.00

g CoV 100 260 441 4.62 0.00

2 CMR 100 155 232 4.38 0.00

E g CRR 100 675 313 2.82 0.00
> HDR 100 30.0  40.2 3.72 0.00
£ CR 100 416 306 2.41 0.00
.§ 5 PPR 100 515  44.6 2.71 0.00
g g CoV 100 490 50.2 3.45 0.00
é" g CMR 100 245  29.7 3.55 0.00
% E CRR 100 236 27.8 2.92 0.00
2 HDR 100 455 433 2.73 0.00
3 CR 100 195 512 3.58 0.000
£ PPR 100 120 477 3.69 0.000
= CoV 100 178 470 2.02 .001

2 CMR 100 110 .544 3.10 0.000

CRR 100 300  .461 4.43 0.000

HDR 100 035  .489 3.41 0.000
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Pre-

Instruction

Category
of SR

Post-
Instruction

100

100

1.37

1.66

.506 4.08

.590 3.18

0.000

0.000

Note. Pre-test = Scores of Lawson Classroom Scientific Reasoning Test Prior to the course; Post-test =
Scores of Lawson Classroom Scientific Reasoning Test Post the course; N-Gain= Normalized Gain; CR=
Conservational reasoning; PPR = Proportional reasoning; CoV = Control and identification of variables;
CMR= Combinational reasoning; CRR = Correlational reasoning; HDR = Hypothetical-Deductive reasoning.

Starting by gender- Mann Whitney results of students’ six dimensions of

Scientific Reasoning prior to the intervention, among the two gender groups was shown

in Error! Reference source not found.. The gender has no effect on the students’ s

cientific reasoning dimensions at the beginning of the course except for the
Combinational reasoning U (Nygaie = 22, Neemaie = 78) = 612.000, Z= -2.19= p =

0.029,and the Hypothetical-deductive reasoning U (Nuyaie = 22, Neemaie = 78) =

667.000, Z=-1.984= p= 0.047

Table 8: Mann-Whitney U test of SR dimensions- among Gender

Mann-Whitney U P

SR Dimension Pre-test Gender N Mean Rank

CR Pre-test M 22 57.82 697.000
F 78 48.44 Z=-155 .120
Total 100

PPR Pre-test M 22 47.43 790.500
F 78 51.37 Z=-0.705 .481
Total 100

CoV Pre-test M 22 46.23 764.000
F 78 51.71 Z=-0.855 .393
Total 100

CMR Pre-test M 22 61.68 612.000
F 78 47.35 z=-219 029"
Total 100

CRR Pre-test M 22 53.41 794.000
F 78 49.68 Z=-0.701 .483
Total 100

HDR Pre-test M 22 41.82 667.000 47"
F 78 52.95 Z=-1.984
Total 100

Note. M=Male , F=Female
“P < 0.05
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Studying the Age, Mann Whitney Results of students’ Scientific Reasoning Pre-
test in the six dimensions among the two age groups is presented in Table 9. Results
show that there is no significant difference in the students’ SR dimensions Pre-test among
the different age groups except for the Combinational U(Nyge<20 = 75, Npges20 = 25)
= 620.000, z= 1580 , p = .007andfor the Hypothetical-DeductiveReasoningU(Nge<z0 =
75, Npges20 = 25) = 750.000, z= 1075, p = .028. These results make the participant’s age
an extraneous factor if the combinational reasoning or Hypothetical-Deductive reasoning
of the participants were compared between the control and the experimental groups. So,
age should be controlled when looking for an impact of the followed teaching strategy on
these two dimensions of SR.

Table 9: Mann-Whitney U test SR Dimensions among Age groups

Mean Mann- p
Age Group N Rank  Whitney U
CR Pre-test  Equal or less then 20 75 48.05
More than 20 25 57.86 753.500 089
' Z=1446.5 '
Total 100
PPR Pre-test Equal or less then 20 75 49.81
886.000
More than 20 25 52.56 .607
Z=1314
Total 100
CoV Pre-test Equal or less then 20 75 49.49
More than 20 25 53.54 861.500 .509
Z=1338.5
Total 100
CMR Pre- Equal or less then 20 75 46.27
test 620.000 *
More than 20 25 63.20 .007
Z= 1580
Total 100
CRR Pre- Equal or less then 20 75 51.50
test More than 20 25 4750 862500 e
’ Z=1187.5 '
Total 100
HDR Pre- Equal or less then 20 75 53.00
o q 750.000 .
More than 20 25 43.00 _ .028
Z= 1075
Total 100

“P < 0.05

Here pops up a question; Is the difference in starting CMR and HDR is due to Age
difference or Gender difference, or because gender and age percentages are different
between the control and experimental groups? So, a confounding variable is the study
group which include different starting CMR% and HDR%.
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Nationality- of participants’ effect on SR was also investigated. Kruskal-Wallis
test results of students’ Scientific Reasoning Pre-test scores in the six dimensions among
the different nationalities was shown in Table 10. The Chi-square values were presented,
and it’s proved that the participants’ (NV=100) nationalities made no significant difference
on the students’ scientific reasoning Pre-test scores with ( all p values > 0.05) of the six

dimensions.

Table 10: Kruskal-Wallis test for SR among Nationalities

c Nationality
S . & = S ¢ = < s c - = Bt
© % F ;T f;fE:ofofEosiie
= -] w 9 () ] > < @ = S N = L= —
5 g 2 5 7 & % 4 &t
Y N 40 4 9 3 1 5 4 5 2 7 14 2 2 1 1
3 45. . 540 B8 . 44 43 37. 65 44 62 65 65 87. 43
3 § 6 7 6 17 ™ 9 5 5 5 5 3 5 5 5 5
a =
o
O ¥ 16.408

D 0.289
2 51. 47.1 40.9 80. 47. 47. 77. 58. 59. 40. 65.
& § 55 3 4 % 5 g 13 4 25 91 g1 3% 5 9
o s
&,
& 21.211

D 0.096
g 51. 59.7 46. 90. 48. 46. 78 55.
T 5 s g 39 oy T Ty 48 L LD 49 T 25 46 67 25
a 2
2
Sy 10.797

p 0.702
7 39. 527 433 42. 65. 61 69. 66. 58. 21.
£ s 1 5 3 33 ¥ 7 13 5 79 18 8 B ¥y
a =
< p 22.54
O p 0.068

37. 37. 47. 37r. 37. 62. 51. 55, 62. 37. 37. 3.

g g 5 6825 35 5 "5 5 5 5 5 79 3% 5 5 5 5
5] 5}

g =

& X 13.878

© b 0.459
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English language- Kruskal Wallis test was also performed to study the difference

in Pre-test % scores of SR among the different levels of English language of participants.

That test was necessary because LCTSR language was English while participant’s native

language was not English (mostly Arabic). Students’ English language level was indicated

by their IELTs scores, and result of Kruskal Wallis test for the whole sample was presented in

Table 11. It was clear that participants’ English language level makes no difference on their

scientific reasoning (Sig.> 0.05).

Table 11: Kruskal-Wallis test - English language level.

SR Dimension

IELTs Group N Mean Rank Chi-Square p
4-55 28 35.61
6-6.5 18 26.56 4.325 .228
CR Pre-test 7-7.5 14 33.29
8 3 25.00
Total 63
4-55 28 29.91 3.277 351
6-6.5 18 35.83
PPR Pre-test 7-175 14 33.61
8 3 21.00
Total 63
4-55 28 33.54 1.147 .766
6-6.5 18 30.78
CoV Pre-test 7-75 14 32.39
8 3 23.17
Total 63
4-55 28 30.05
6-6.5 18 32.97 1.269 737
CMR Pre-test 7-7.5 14 32.75
8 3 40.83
Total 63
CRR Pre-test 4o 28 5168
6-6.5 18 34.50 1.711 .635
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7-75 14 30.75

8 3 24.00

Total 63

4-55 28 32.50

6-6.5 18 31.50 .564 .905
HDR Pre-test 7-7.5 14 32.50

8 3 28.00

Total 63

a. Kruskal Wallis Test

b. Grouping Variable: IELTs Group

Starting categories of SRA(Categ.Of.SR-PRE)were investigated for differences in
each of the six dimensions. Kruskal Wallis test results are shown in Table 12. The only
dimension that is not showing a significant difference between students of the different
categories is the Hypothetical-Deductive dimension y2(2,N = 100) = 3.398,p >
.05.All the other dimensions’ scores significantly differ among the categories (p <
0.001) with the lowest mean rank on the concrete level followed by a higher rank at the
transitional and the highest mean rank of SR dimension at the formal category. That means
the higher the category of the student’s SR, the higher are the accompanying dimensions

of SR except for the HDR dimension.

Table 12: Kruskal Wallis test — Categ.Of.SR-PRE

Mean X2 P
Categ.Of.SR-PRE N Rank
Concrete 64 43.22
Transitional 35 62.76 *x
CR Pre-test Formal 1 87.50 16.035 .000
Total 100
Concrete 64 42.02
Transitional 35 64.74 ok
PPR Pre-test Formal 1 95.00 25.610 .000
Total 100
Concrete 64 38.20
Transitional 35 71.61 *x
CoV Pre-test Formal 1 98.50 39.121 .000
Total 100
Concrete 64 40.16
Transitional 35 68.44 *k
CMR Pre-test Formal 1 84.00 26.125 .000
Total 100
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Concrete 64 43.75

Transitional 35 61.79 -
CRR Pre-test. Formal 1 8750 17.995 000
Total 100
Concrete 64 48.28
Transitional 35 53.57
HDR Pre-test 3.398 .183
Formal 1 85.00
Total 100

P < 0.001

4.1.4 Descriptive Statistics -Study Variables

Descriptive statistics aim at describing or summarizing a set of collected data after
teaching performance in the two groups. The teaching strategy followed with each group
was the independent variable in this study and the change in students’ scientific reasoning
(N-gain) was the dependent variable under focus. Variables such as students’ score of SR
at the beginning of the term Pre-test%, score at end of the term Post-test%, the Growth
or the Gain in SRA Normalized Gain, Categories of the students’ SR pre- and post-the
treatment in the two groups (experimental and control) were statistically described. But
as SR is assured in Lawson framework to be multi-dimensional cognitive skill which
contains six aspects, and LCTSR measures these six aspects as shown in Error! Reference s
ource not found. (Novia &Riandi, 2017); all variables which have been studied and
described here were split into and related to these six dimensions.

Participants of this study (N = 100)were assigned into experimental and control
groups. The experimental group consisted of (n = 49) participants and had a starting
average SR % of M = 25.5,5D = 14.3 and ended up with SR % of M = 41.2; SD =
19. The control group in the other side consisted of (n = 51)participant which got an
average starting SR % of M = 36.5; SD = 19 and ended up with a SR % of M =
45.6; SD = 20.4 (Figure 12).
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Figure 12. Mean SR % Pre- and Post-instruction

The students’ Pre-test% mean scores for each of the six dimensions of SR for the
experimental and control groups were presented in Figure 13. It is clear in the chart the
existence of difference between the two groups in the pre-test% of each dimension,
accordingly we need to perform a test to check if this difference is significant or not to

assure validity of conclusions.

The students’ post-test% mean scores for each of the six dimensions of SR for the
experimental and control groups had been presented in Figure 14.The chart shows
difference between the two groups in post-test% of each dimension, accordingly we need
to perform further tests to check if there are significant differences in the change or in the

growth of each dimension pre-post or not.
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Figure 14. Post-test Percentage of each SR dimension in the Control and Experimental
groups

The Post-test scores were compared then to the Pre-test for both the
experimental and control groups, in a trial to look for any major impact of teaching the
Physics subject regardless of the utilized pedagogy. So, Wilcoxon Signed Ranks test
was used, and the results are in Table 13.
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Table 13: Wilcoxon Signed Ranks test for SR Pre/Post comparison

Group SR % M (SD) N 7 0
Pre 25.55 (14.30)

Experimental 49 4984 0.000
Post 41.16 (18.92)
Control Pre 36.49 (18.94)

Post 45.59 (20.35) 5l -4.638 0.000

Wilcoxon statistical test indicated that post-test SR scores were significantly
higher than pre-test scores in both study groups (Z¢on:=-4.638; p < 0.001, Zg,,=-
4.984; p<0.001)

As a multidimensional variable, SR dimension post-test were also
compered to the dimensions’ pre-test while controlling for the starting
category. Error! Reference source not found.showed the results of Wilcoxon T

est comparing SR dimensions pre-test and post-test.

Table 14: Wilcoxon Signed Ranks Test — Pre / Post

SR Dimension Group SR % M (SD) N z p
Experimental Pre 50.00 (30.6) 49 -2.2082 027
oV Post 63.27 (30.2)
Control Pre 63.73 (28.4) 51 -2.1382 .033
post 71.57 (32.02) 49
. Pre 13.27 (26.6)
Experimental b 54.49 (38.4 49 -1.807* .071
t . .
PPR o3 (38.4)
Pre 26.5 (39.2)
Control 51 -15722 116
Post 35.3(41.6)
Experimental Pre 20.33(27.055) 49 -4.0132 000
cov Post 47.57 (30.56)

Pre  26.73(28.346)
Post 35.9 (29.80)

Control 51 -1.9992  .046

Pre 2347 (34.01)

Experimental -1.542 123

CMR Post 3469 411 49

Control -.1642 .870
Pre 66.67 (40.8) -1
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Post 67.65 (42.218)

Pre
Experimental 48.98 (50.51) 49 -2.8372 .005

Post  22.45 (42.16)
Pre 29.41 (46.018)

Control 51 -2.5002 .012
Post 49.02 (50.49)

CRR

a. Based on negative ranks.

Wilcoxon Signed Ranks Test indicated that post-test% of the students in the
experimental and control groups did show significant statistical difference from pre-
test% for CV (Zgyp=-2.208; p<.05, Zcon=-2.138; p < 0.05), COV (Zgxp=-4.013;
p<.001, Zcone=-1.999; p = 0.046 < 0.05) and CRR (Zgyp,= -2.837; p =0.005<0.05,
Zcont=-2.500; p < 0.05) dimensions. While for the PPR and CMR dimensions the post-
test% did not differ significantly from pre-test %.

Z

V2XN
significance of Wilcoxon results and it was (rexperimental = .223, T'control = .211) for CV,

(rexperimental = 0.41, rcontrot = 0.20) COV and (rexperimentai=0.29, reontroi= 0.25) for CRR.

Accordingly, the answer for qi: ““Is there a significant difference between SR dimensions

Effect size of Wilcoxon test was calculated (r = ) to examine the practical

prior to the intervention and the same dimension post the intervention for the two
teaching strategies?” is that; both teaching strategies had no significant effect on the PPR
of the participants, but they had a significant effect on the CV, COV and CRR. That urge
us to focus the following statistical tests on CV', COV and CRR only.

The Post-test scores were compared then to the Pre-test for both the
experimental and control groups, in a trial to look for any major impact of teaching the
Physics subject regardless of the utilized pedagogy. So, Wilcoxon Signed Ranks test
was used, and the results are in Table 13.

Table 15: Wilcoxon Signed Ranks test for SR Pre/Post comparison

Group SR % M (SD) N 7 "
Pre 25.55 (14.30)

Experimental 49 4984 0.000
Post 41.16 (18.92)
Control Pre 36.49 (18.94)

Post 4559 (20.35) 51 -4.638 0.000
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Wilcoxon statistical test indicated that post-test SR scores were significantly
higher than pre-test scores in both study groups (Z¢on:=-4.638; p < 0.001, Zg,,=-
4.984; p<0.001)

As a multidimensional variable, SR dimension post-test were also
compered to the dimensions’ pre-test while controlling for the starting
category. Error! Reference source not found.showed the results of Wilcoxon T

est comparing SR dimensions pre-test and post-test.

The change in the six dimensions of SR after the control and experimental groups
experienced the course, was also revealed by calculating the normalized gain (N-Gain).
In 2002, Hake applied the following formula to calculate N-Gain to individual

participant scores (V.P. Coletta & Steinert, 2020):

postscore% — prescore%
100% — prescore%

Figure 15 presents the experienced N-Gain in SR dimensions as per the study
group. based on the criteria by Hake, (2002): if N-gain > 0.70 it’s considered (high); if
0.30 < N-gain < 0.70 it’s considered (moderate); and if N-gain < 0.30 it’s considered

(low) (Erlina et al., 2018).

N_Gain =

The N-gain aims to calculate the gain in SR correcting for guessing cases by
students. It’s clear that highest change among the dimensions in the experimental group
happened in the Control of Variables dimension (Nexperimentai= 49, M = .342, SD=0.36)
which was a moderate gain as per criteria by Hake (2002), while the gain for all other
aspects in the same group and also in the other group was low M <.30.

The highest difference in N-gain was between the experimental and control group
in favour of the experimental at the COV dimension. It was also clear from the figure
that the least difference in the normalized gain was between the two study groups in the

proportional reasoning. This comparison needs to be quantitatively analysed deeper in the

inferential statistics section.
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Normalized Gain In SR Dimensions
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Figure 15. N-Gain of SR dimensions

The category of Scientific Reasoning Ability (SRA), where each student fitted in
at the end of the semester after the instruction was also studied to check for any impact
of the intervention on percentages of categories among the groupssand results were as
shown in Figure 16. The figure shows that the control group ended up with 21% (n=11)
concrete reasoners, 61% (n=31) transitional and 18% (n=9) formal reasoners. While the
experimental group had 18% (n=9) concrete, 76% (n=37) transitional and 6% (n=3)

formal reasoners.
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Figure 16. Categories' Percentages Post-test of both groups.

Cross tabulation of frequencies and percentages of students in each level of SR
(concrete, transitional, or formal) before (Categ. -PRE) and after (Categ. -POST) the
intervention was presented in Table 15. The null hypothesis in this test, Ho: “There is no
significant relationship between the starting SR category and the post-instruction
category” It indicated that; in the experimental group; 36 % of the concrete SR had moved
out to the transitional category and 5% to the formal category. In contrast, in the control
group, 36% moved out of the concrete category to the transitional and no one had moved
out of this category to the formal. The formal reasoner participant stayed as a formal
reasoner. Transitional reasoners mostly stayed in the transitional category in both groups,
but in the control group, 12% of those transitional reasoners shifted to the formal
category. and formal reasoners are in the ceiling already, so cannot be investigated for

category raising.
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Table 16. Contingency table- categories of SR Pre- and Post- intervention.

Categ.Of.SR-POST

Group Gamma
Concrete  Transitional Formal Total
= Count 23 14 2 39
S, % Within
, o CategOfSR- 59.0% 35.9% 51%  100.0%
= © PRE
§ @ _ Count 0 10 0 10 .840
S & & % Within Categ.
e 8§ 8 -PRE
= = 0.0% 100.0% 0.0% 100.0% P =.000
o [
X R
L -
_ Count 23 24 2 49
= % Within Categ.
2 -PRE 46.9% 49.0% 41%  100.0%
o Count 16 9 0 25
2 % Within
g Categ.OL.SR- 64.0% 36.0% 0.0%  100.0%
S PRE : : : :
O
Count 1 21 3 25 961
o = % Within Categ.
a S -PRE p =.000
= & 2 4.0% 84.0%  12.0% 100.0%
—_ g+ E
c © F
S
Count 0 0 1 1
= % Within Categ.
E -PRE
E 0.0% 0.0% 100.0% 100.0%
Count 17 30 4 51
= % Within Categ.
E -PRE 33.3% 58.8% 7.8%  100.0%

The null hypothesis Ho may now be rejected (p<.001) with an effect size shown
in Table 16 indicated practically significant results in both the experimental ( Gamma =
.840) and the control groups (Gamma = 0.961). But the percentages in the table does not

show a significant relation between the category shifting and the teaching approach. In
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other words, there is no noticeable difference between the Explore-Instruct and Instruct-
solve approaches in lifting of categories.

4.1.5 Inferential statistical analysis:

Inferential statistical analysis had been carried out to study the inferences that may
be made about the population targeted in this study, depending on data collected from a
sample of that population. The hypotheses set were:

Hai: There is significantly higher scores of SR Post-test than Pre-test for all participants

in both the control and experimental groups”.

H.: There would be a significantly higher Normalized Gain in all dimensions of SR in

the experimental group than in the control”.

H3: There is a significantly higher tendency of improving the category of SRA in the

experimental group than the control group”.

Studying the previously set hypothesis would help in answering the first main
question in this study “Is there a difference in college students’ scientific reasoning ability
(SRA) development if taught by explore-instruct teaching approach compared to the
instruct-solve approach (traditional approach) in physics?” so this section will be outlined

as follow.

First, a decision on types of tests (parametric or non-parametric)to
accomplish the objectives of this inferential analysis section is to be made; data
distribution results of variables considered in this inferential section was
revisited in Table 7. It was clear in Table 7 that the data distribution was not
normal for each of the following variables to be studied in this section; COV
Reasoning Pre-test;, COV Reasoning Post-test and N-Gain in COV Reasoning
(p < 0.05). Accordingly, non-parametric tests would fulfil the numerical data

analysis in this inferential statistical analysis section.

Second, the two study groups (Experimental & Control) are to be tested
for a similar start. Because starting from the same point assure the inferential

statistics’ conclusions validity, which means the noticed effect in the dependent
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IS due to the independent factor and not to a different starting condition
(Johnson & Christensen, 2014).

Third, the inferential statistics which answer sub-questions and validate
or reject hypotheses that led to answer the first main question of this study
were performed. First sub-question in this context was gi:“Is there a significant
difference between SR dimensions prior to the intervention and the same
dimension post the intervention?”. Wilcoxon test was performed in the
descriptive statistics section, to examine the SRA at its six different dimensions
in each group post the intervention, there found a significant difference exist
Pre-Post the intervention in CV, COV and CRR; the researcher is to investigate
in this inferential statistics section if that difference is similar in case of
following the Explore-Instruct teaching strategy or when teaching via the
Instruct-Solve strategy.

So, the researcher will study the difference in the Normalized Gain of
the CV, COVand CRR dimensions of SR in the experimental and control
groups using Mann-Whitney U test to answer sub-question 2 (g2): “If the SR-
dimension experienced a significant change post the intervention; is that

change significantly different between the control and experimental groups?”

Regression test was performed as a last inferential analysis here to
estimate percentage-contribution of normalized gain of the individual SR-
dimension (the ones which experienced a change due to the Explore-instruct
strategy) to the associated normalized gain in total SRA resulted due to
Explore-instruct approach under investigation (Johnson & Christensen, 2014).
Finally, inferential statistics results are to be summarized concluding this results

section.

Starting with Validity of inferential conclusions which is to be assured
at the beginning of any inferential statistics section. Because as per Johnson &
Christensen (2014), purposive assignment or non-random assignment of students
who were already enrolled in classes, threaten the validity of inferential

conclusions. So, the Pre-test data of SR is to be compared between the control
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and experimental groups, and as agreed on the non-parametric tests; Mann
Whitney U test is to be used for this purpose.

In Table 17, Pre-test% of SRA in the experimental group (M =
25.6,5D = 14.3) was lower than it in the control group (M =36.5,5D =
17.6,N = 51). Mann-Whitney U test results indicated that the difference was
statistically ~ significant  U(Ngxperimentar = 49, Ncontrot = 51) = 816.500, Z=-
3.021 , p = 0.003.that difference forbids the researcher from relating any
noticed impact on the dependent (N-Gain in SRA) to the independent variable
(Group = teaching strategy).So, both groups did not start at the same level of
SRA.

Table 17: Mann-Whitney U test of Pre-test SR per groups

] Group N M S.D Mann- p
Variable ]
Whitney U
Experimental 49 25.55 14.299 816.500
Pre-test% Control 51 36.49 18.943 Z=-3.021 .003
Total 100  31.13 17.623

But as SRA was a multi-dimensional variable, and LCTSR was a
heterogeneous test; each dimension of SR, need to be compared first before the
treatment, between the experimental and the control groups. That step will
ensure validity of statistical conclusions related to the specified dimension.
Accordingly, Mann-Whitney U test was performed this time to study the beginning

of each single dimension of SR between the experimental and control group. Deciding

then which dimension can be trusted for inferential conclusions.

Tablel8: Mann Whitney - Pre-test SR dimensions between groups

Mean Mann- p
SR Dimension Group N  Rank Whitney U
Conservational Reasoning Experimental 49  44.79 969.500 "
(CV) Pre-test Z=-2.241 025
Control 51 5599
Experimental 49 4658 1057.500 .097
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Proportional Reasoning (PPR)  Control Z=-1.661

51 54.26
Pre-test
Control of Variables Experimental 49  47.06 1081.000
Reasoning (COV )Pre-test Control Z=-1.269 204
51 53.80
Combinational Reasoning Experimental 49  36.77 576.500 * 000
(CMR) Pre-test Control 51 6370  Z=-4.962 '
Correlational Reasoning Experimental 49  48.72 1162.500 430
(CRR) Pre-test Control 51 5221 Z=-.790 '
Hypothetical-deductive Experimental 49 57.33 915.000 * 000
Reasoning (HDR) Pre-test Control Z=-3.394 '
51 43.94

Note. Grouping Variable: The study group

Tablel8 showed that dimensions of Control of Variables reasoning and
Correlational reasoning prior to the instruction were not significantly different
between the control and experimental groups (p > 0.05), while the other
dimensions including Conservational reasoning were significantly different for
the two study groups (p < 0.05). But it was found in the difference among
demographic section that gender, age and starting SR category influences the
starting SRA of the participants. As per Barnett and colleagues (2015), for
research with control and experimental groups, ANCOVA can be used to
control regression of the mean, to eliminate then any confounding effect while
comparing between the control and experimental groups MANCOVA test was
run to study the impact of each independent variable on the dependent
variables of the six SR dimension while controlling for the other independent

variables. The results are in Table 19

Table 19: MANCOVA- Tests of Between-Subjects Effects

Source Dependent Variable df Mean F p n
Square
CV Pre-test 1 44.268 .063 .803 .001
PPR Pre-test 1 8.321 .009 .926 .000
Group CoV Pre-test 1 1191.802 2.937 .092 .050
CMR Pre-test 1 2690.104 1955  .168 .034
CR Pre-test. 1 2709.816 2.121 151 .036
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HDR Pre-test 1 3936.517 10.955 .002 .164

CV Pre-test 1 389.395 .550 461 .010

PPR Pre-test 1 2.141 .002 .963 .000

CoV Pre-test 1 39.654 .098 .756 .002

Age CMR Pre-test 1 377.691 .275 .602 .005
CR Pre-test. 1 3311.292 2.591 113 .044

HDR Pre-test 1 12.705 .035 .852 .001

CV Pre-test 1 849.162 1.199  .278 .021

PPR Pre-test 1 2280.733 2.370  .129 .041

Gender CoV Pre-test 1 884.617 2.180 .145 .037
CMR Pre-test 1 4.229 .003 .956 .000

CR Pre-test. 1 1679.621 1.314 .256 .023

HDR Pre-test 1 2.596 .007 .933 .000

CV Pre-test 1 8509.642 12.017 .001 177

PPR Pre-test 1 29610.191 30.774 .000 .355

Categ.Of.SR CoV Pre-test 1 16453.842 40.541 .000 420
PRE CMR Pre-test 1 22066.344 16.038 .000 .223
CR Pre-test. 1 34365.013 26.892  .000 324

HDR Pre-test 1 1933.082 5.379 .024 .088

The multivariate test in Table 19 revealed the significant difference between the
two study groups in the starting HDR F(1, 3936.52) = 10.955, P<.05) , Wilks’ =.781, 2
= .164. That means all dimensions except HDR can be studied with trusted inferential
conclusions. But we are interested in studying CV', CoV and CRR.

MANCOVA test also revealed that, the starting dimensions of SR are significantly
different among the different starting categories of SR P < .05,Wilks’ = .188.
Therefore, the following tests will be performed for the five dimensions other than HDR
while controlling the starting category.

Normalized Gain N-Gain:

After descriptive statistics section and at this stage, we need to study the difference in
“Normalized Gain in CV, COV and CRR”:
1. Between the experimental and control groups
Normalized Gain in SR (N-Gain) is a variable resulted from the difference
between Post-test% and Pre-test% divided by hundred minus the pre-test% and it

represents the SRA Growth of the student with correction for the guessing problem in
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answering the MCQs of LCTSR (Hake, 2002). This variable will be analysed further to
study the SRA Growth more. But as N-Gain is not normally distributed (Table 7); Mann-
Whitney U test will replace the t-test and Kruskal-Wallis test will replace ANOVA in
analysing differences between groups in the SRA normalized gain. And in studying
correlation between this dependent variable and other variables in the study; Spearman
correlation will replace Pearson correlation (Huizingh 2007; Ahmad et al., 2018).

To answer the second sub-question in this section q2: “In case the SR-
dimension experienced a significant change post the intervention; would that
change significantly differ between the control and experimental groups?” the
null hypothesis here H, will state “students population taught via Explore-
instruct and the ones taught via Instruct-Solve have the same N-Gain in CV,
CoV and CRR dimensions of SR”. and MANCOVA test controlling the
different demographic factors and the starting SRA revealed the following.

Table 20: MANCOVA test

Source Dependent df Mean F p n
Variable Square
N_Gain CV 1 142 531 468 .006
Group N_GainCOV® 1 2.80 145 .000 132
N_Gain CRR 1 .158 173 .381 .008
N_Gain CV 1 .005 .017 .895 .000
Categ.Of. SRPRE N_GainCoV? 1 .073 377 541 .004
N_Gain CRR 1 .008 .041 .840 .000

a. R?=.161, (Adjusted R? =.126)

According to Table 20, the null hypothesisH, is to be rejected for the N-Gain of
COVF(1, 2.80) = 14.5, p < .001) between the control and experimental groups . But the
null hypothesis H,is to be accepted for CV and CRR, proving that while controlling for
the starting category of SR and most demographic factors, the only aspect of SR which
its N-Gain significantly differ between the experimental and control groups, is the COV.
The value of partial eta square (n? =.132) shows that the difference in teaching
approach explains 13.2% of the difference in N-gain between the control and
experimental groups. So, the answer to sub-questions Q2 is “Yes, there is a significant

difference between the two groups in N-Gain of COV”.
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After noticing a significant difference between the two study groups in the N-Gain
of COV, the strength of the relationship of that N-Gain of COV with the followed teaching
approach needs to be investigated, keeping in mind, controlling for the starting category
of SR which has been considered a confounding variable according to MANCOVA Table
19. That can be studied by performing Partial correlation.

Partial correlation test has been performed between variables of the
teaching strategy and all aspects of SR. Spearman’s correlation coefficients are
presented in Table 21 below.

Table 21: ANCOVA - N-Gain in COV& the teaching strategy

Control Variables N_Gain in COV
Categ. Of.SR-PRE
&apzit roup & 304
group Teaching s
Gender
strategy
p .000
df 95

Table 21 indicated that COV dimension found to negatively correlate in
its N-Gain to the followed teaching approach (15(95) = —.364, p < .001),
Negativity comes from the labelling numbers of the teaching approaches (1:
Explore-instruct, 2: Instruct-solve).

The effect size indicator of the correlation coefficient square (Johnson &
Christensen, 2014) “rs> = 0.364% = 0.132” was calculated. Which means 13.2% shared
variance or overlap between the N-Gain of COV, and the followed teaching strategy was
practically proved. Assuring by that the strength of the correlation between the
normalized gain in COV pattern of SR and the Explore-Instruct teaching approach while
controlling the category,

Categories of SR prior to the test (Categ.SR-Pre) and Categories of SR post the
test (Categ.SR-Post) are ordinal values which are also not normally distributed(Sig. <
0.05) as presented in Table 7So, Mann-Whitney U test will be performed replacing
independent t-test to study the difference in starting SRA category, between the
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experimental and control groups to ensure inferential conclusion validity of results related
to categories.

Results in table22; proved that there is a significant difference in the beginning
categories of SRU(N = 100) = 862.500, Z= -3.201, p = 0.001 between the experimental

and control groups with the mean rank of the control (58.09) higher than that of the

: : . _z _ 3201
experimental (42.60), with effect size of (r =T = _\/W) 0.32.

Table22: Mann-Whitney Test comparing beginning Category.

Group N Mean Sum of Mann Whitney p
Rank Ranks ua
Experimental 49 42.60 2087.50 862.500
Categ.Of.SR-
Control 51 58.09 2962.50 Z=-3.201 .001
PRE
Total 100

a. Grouping Variable: Group

But it has been revealed in Table 20 that ,N-Gain on COV showed no significant
difference between the different pre-instruction Categories.

The aim at this point of the study is to investigate the effect of the teaching strategy
on the aspect of Control of Variables as well as on SR categories distribution. As COV
found to be the only among the other SR’ aspects to show a significant growth related to
the treatment. N-Gain in COV. was noticed when compared between the different
beginning categories of SR while controlling for the group in Table 20 and if it was
similar for all the categories, one can expect a significant impact of the treatment on any
student regardless of his/er category at the beginning of the course. Results in Table 20
assured that in any of the teaching approaches; there is no significant difference (p >
0.05) in the normalized gain of COV between the different pre instruction categories.
That result of similar N-Gain of COV among the categories (controlled variable),
encourage the researcher to investigate the effect of the treatment (Group) on a larger

frame, which is the effect on categories distribution that accompany the N-Gain of COV
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Linear Regression Analysis (LRA) was the last inferential test which was performed
to study the relation between Post-COV and Pre-CQOV in each study group separately.
Table 23: Linear Regression- Post COV& Pre COV

Group Variable? B 95% ClI Beta t p
Experimental? (Constant) 42.335 [31.48, 53.18] 7.850 .000

COV Reasoning Pre-test

.258 [-0.065, 0.580] .228 1.606 .115

(Constant) 23.382 [12.91, 33.85] 4.487  .000
COV Reasoning Pre-test

ControlC
468 [.198, -.739] 446  3.485 .001

a. Dependent Variable: COV Reasoning Post-test
b. Adjusted R? =.032
c. Adjusted R?=.182

Results in Table 23 revealed that pre-test COV was a significantly high predictor of
post-test COV (8 =.468, p =.001) in the control group F(1,49) = 12.14, explaining around
18.2% of the post-test COV in that group. In contrast, pre-test COV in the experimental
group; was not a significant predictor (f = .258, p = .115) of the post-test COV F(1,47)
= 2.58, accounting for only 3.2% of the variance in post-test COV.

Linear regression analysis was also performed to study the relation between

teaching strategy and N-Gain in COV.
Table24: Linear Regression- N-Gain and Strategy

Variable® B 95% ClI Beta t p
(Constant) .567 144 3.924 .000
Teaching -.257 .091 -.275 -2.833 .006
strategy®

a. Dependent Variable: N_GainCOV
b. Adjusted R?=.066

Test results in Table24 revealed that the teaching strategy was a high significant
predictor of N-Gain in COV (F(1,99) = 8.024, 8 =-.257, p = .006), accounting for around
6.6% of the variance in N-Gain in COV between the two groups.

4.1.6 Summary of results of the quantitative part- question 1.

Descriptively

e Consistency of results was evident in the studied population with an a value equal

to .73 for the total test. And @ > .67 for each of the six SR dimensions.
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e Causal effect of the independent variable (the teaching approach) was evident for
the dependent variable (SR). That was done by Investigating the beginning SR of the
two groups to guarantee the causal effect.

e Gender, Age, Nationality, English language level and starting category or level of
SR were investigated for interactive impact on the pre-test% using MANCOVA.
MANCOVA indicated that, the starting category of the participants was the only factor
that showed impact on all dimensions of SR except HDR , so it was the confounding
variable that needs to be controlled when performing the inferential statistics.

e The starting HDR was the only dimension of SR that is significantly different
between the control and experimental groups.

o The students’ Pre-test% and Post-test% showed significant difference
from each other in both study groups, indicating occurring of change in both

groups.

e Normalized gain in (PPR, COV, CMR and CRR) was studied and compared
between the two studied group and the two groups had a significant difference in N-
Gain in COV dimension only. N-Gain in COV found to be significantly higher in the
experimental group than in the control group. While similar N-Gain of COV found in
the three categories when controlling the group.

e Correlation test showed significant association between the N-Gain in COV and
the group.

e Distribution of students among the different stages of SR and their mean score in
each category after experiencing the two teaching styles have also been analysed, and
the concrete category experienced the same amount of shifting toward higher
categories in both groups, but the transitional and formal categories did not experience
such shifting. Transitional and formal students mostly stayed within the same category
after instruction. But there was no distinct impact on category distribution by the

Explore-Instruct approach compared to the traditional Instruct-Solve approach.
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Inferentially

Regression analysis took place to study the relation between Post-COV and Pre-
COV. and, between the teaching strategy and N-Gain in COV. The researcher proposed
three hypotheses at the beginning of this study to answer the first study question.

The alternative hypotheses set were H;: “There would be a significantly higher
scoring in all dimensions of SR post-treatment than pre-treatment in both the EI and
the traditional IS group”. Results validated the acceptance of this hypothesis.
H,:“There would be a significantly higher Normalized Gain in all dimensions of SR
in the EI group than in the traditional IS group”. That hypothesis could be validated
only for COV. For the rest dimensions of SR there was no significant difference
between the two stud groups. The third hypothesis Hs: “There is a significantly higher
tendency of moving out of any category to a higher category of SR in the EI group
than the IS control group.” That tendency was found only for the Concrete category
but was not higher in the EI than in the IS group, both groups experienced similar

concrete shifting tendency.

4.2 Results of Question 2- Email interviews with students.

It was found in a quasi-study by Loehr, Fyfe and Rittle (2014) that the
absence of the phase of knowledge application after the instruction phase
during the lecturing session may remove potential benefits of the explore-
instruct teaching approach. This finding by Loehr, Fyfe and Rittle (2014) was
also proved by She and Liao (2009) in a quantitative study, for grade eight
students in Taiwan. She and Liao conducted an experimental design study to
test the impact of the instruction approach and the effect of the level of the
scientific reasoning of the students, on their achievement and scores in three
tests which were provided by the researchers to measure their scientific
reasoning, concept construction and conceptual change. And they found that
the gained knowledge from the delayed lecture should be implemented directly
in the same session for the SR and conceptual change to be enhanced. So, such
findings by such quantitative studies are expected to be generalized and it was
considered in the context of the current study. To reveal such conditions in the

current study, qualitative part proposed by the researcher to take place after the
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quantitative part, aiming to reveal more data about the optimum conditions for
the new explore-instruct approach. In addition to exploring as many implicit
factors as possible that affect the targeted impact of the proposed technique;
qualitative paradigm, in the form of semi-structured interviews had been used
beside the quantitative one.

This section analyses students’ responses via email interviews to answer
the second research question “What are the perspectives of college students
regarding the explore-instruct approach after experiencing it?” .After collecting
the quantitative data of this study, four students in the experimental group; two
with low normalized gain in SR, and two with medium normalized gain in SR
were interviewed. Qualitative data was collected via emails’ interviews to
support the formerly collected quantitative data and to help revealing
perceptions of students” group that received the intervention. The researcher
then used Thematic coding was used for this analysis as this type of coding is
the appropriate to the purpose of “analysing the perspectives of the group
which received the intervention” as per Flick (2014). Hsieh and Shannon
(2005) presented three forms of content analysis: summative, directed, and
conventional. The three forms differ in their sources. Directed content analysis
has a deductive nature; it may validate a theory or extend it. The conventional
content analysis starts with no pre-defined theory and the aim is to define a
new theory. The summative content analysis starts with counting the
occurrence of a word and then tries to understand the meaning of the word

through analysing the hidden content.

Questions of the interview were set by the researcher after reviewing the
available literature, and after the quantitative analysis of SRA pre-post the
intervention. The invited interviewees were six participants, two students from
the high SR normalized gain, two from the medium and two from the low
normalized gain in the experimental group, but only 4 students replied to the
emails. The researcher was in a different city and the only contact mean with

the students was the email.

the researcher analysed each interview in brief and discussed the proposed themes:

Teaching approach and engagement domain, Problem-solving activities domain,
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Student’s stress, and motivation domain. The process of validation of these themes
included reviewing qualitative parts of related literatures (Erlina et al., 2018; Koenig et
al., 2019; Wong & Kowitlawakul, 2020) in addition to the researcher expertise, who used
to verbally ask the students in the experimental group at the end of each session about
their perceptions and opinions on the new EI teaching strategy, in a form of - informal
conversational interview - as classified by (Johnson & Christensen, 2014). It has been
observed at the beginning of the term, that the students do not accept the idea of being
asked to solve a problem or answer short questions before having the lecture. Few
sessions later in the term, students adapted to the pedagogy but there appeared a concern
about the grades as it impacts the students” GPA.

The interviews conducted by the researcher attempted to follow the feature for
semi-structured interviews shown by Flick (2014), it starts by open-ended questions to be
at the beginning of the interview and to be answered based on the knowledge which the
interviewee has at hand. Following the open-ended questions are the hypothesis-directed
questions in which the interviewer gives his assumptions as offers for the interviewees,
either they take it up or reject it. Together with the previous two types of questions come

the confrontational questions at the end to validate the participants’ perspectives.

Creswell (2013) stated that “the qualitative research process is emergent
which means that the initial research plan put forth by the researcher cannot be
tightly prescribed, and that all phases of the process may change or shift after
the researchers enter the field and begin to collect data” (p. 47). The data
collection methodologies may change, questions may change, and the
interviewees may be modified throughout the study (Creswell 2013).
Supported by this statement, the researcher needed to replace the in-depth
semi-structure interviews with email interviews, and to further interpret and
validate the responses of the interviewees, the responses to a one-page survey
adopted from (Ornek et al., 2008) administered to a group of 25 students from
the same population during the piloting phase, became data to reflect upon
during the qualitative data analysis process. However, these 25 students did not
participate in the main study. In the study by Ornek and others (2008) it
appeared that students’ perceptions of reasons of difficulty of introductory

physics are different for the instructors’ perceptions, but they are similar to the
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Teaching Assistants’ (TA s) perceptions. The cause of difficulty agreed upon
by students, TA s, and instructors as per (Ornek et al., 2008) is that students
don’t study more. In the current study, in an exit questionnaire about the most
factor contributing to the difficulty of Physics given to a sample of 24 students
who were not part of the real study but are from the same population of the
study, 46% of students rate the student-controlled factor “Do not practice many

problems and work only assigned problems” as.

4.2.1 The interviews

The students from the experimental group had been contacted a year later after
passing the course, they had been interviewed to investigate the features of Physics course
they still remember and think it had impact on their learning. The structure of the
interview questions followed the semi-structured interviews protocol which according to
Uwe Flick, (2014) begins with open-ended questions, followed by hypothesis-directed
questions, and conferential questions which leave a space for the interviewee’s
perspectives to be revealed. Questions set to reveal their opinion on the tried teaching
strategy which they experienced in the physics course, their experience in the Lab, and
the confrontation 2-choises question was to reveal in which case do they think they
had been able to understand the concept or the principle of the experiment more, If they
conduct the experiment (perform it by following the steps provided in the sheet or the
manual) then receive the lecture from the instructor? Or, if they fully had the lecture by
the instructor and then have the experiment? The last question for the interviewees was,
about their opinion(hypothesis-guided open-ended question).;it reveals if they feel
comfortable with the Explore-instruct strategy? and if they agree with the view that states:
“Explore-instruct approach ultimately clarifies the concept more than the instruct-solve
(conventional) strategy, but the student doesn’t feel comfortable in conducting the
experiment before being instructed”? and finally the interviewees were asked if there was

any point they would like to mention about explore-instruct teaching strategy?

4.2.2 Identified Themes across Interviews

Given that the sample size was only four students who responded to the
emails, the researcher did engage in a manual coding following the way of

other researchers (Bottge et al., 2009; Braun & Clarke, 2006) and based on
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that, established three themes. using an Excel spreadsheet, an analysis matrix
was formed for each question (Table 25). First two open ended questions were
placed at the left column of the matrix, and respondents’ levels of N-Gain were
indicated on the second column of the matrix. Basic statements have been
extrapolated and inserted into the designated groups on the matrix. Then the
patterns, frequency of statements, and emerging themes, were denoted by the

researcher.

The data collected have been categorized as per the SR development level of the
student. Responses to the first interview question of “What are the features of the Physics
course you remember that had impact on your learning?”” were as follow:

Students with low N-Gain in SR replied by highlighting the main resources the
student think were helpful in understanding the subject such as the work sheets been
solved in and outside the class, and resources that attracted and motivated the students to
think and interact in the class such as KAHOOT website which was used instead of the
clickers to allow students to answer questions using their mobile phones or laptops at the
very beginning of the lecture. The questions in KAHOOT were all related to the upcoming
non-studied yet topic. While Students with medium N-Gain in SR responded that they
learned lots of new knowledge related to many concepts in Physics.

Responses to the second interview question of “What do you think of the teaching
style you have experienced in the physics course? Explain the pros and cons.” were as
follow:

Two students in the low N-gain level, responded differently to this question. One
thought that it helped them to experience and approach the learning outcomes earlier
before being instructed and guided by the instructor, so it was helpful in making the lesson
easier to be understood. The other student believed that the IS approach was better than
the El in carrying up the experiments, but in the lecture, exploring the problems first and
then being instructed was preferred, but with the condition of having enough number of
problems available for exploration before and after the lecture.

Students with medium N-Gain in SR replied by emphasising that most students
alienate from physics, and there is a responsibility on the instructor to deliver the subject
in more simple approach than the EI, to be understood. They also urged exposing the
students to more problems and more activities. These students preferred having the
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lecture first before the laboratory, because they found it hard to write the lab report with
the EI approach.

Responses were as follow to the third confrontation 2-choices question “In the Lab,
when do you think you understood the concept or the principle of the experiment more?
a) If you conduct the experiment (do it from the steps in the sheet or the manual) then
receive the lecture from the instructor? Or b) If you had the lecture fully by the instructor

and then have the experiment.”:

The low N-Gain students (2 interviewees) had chosen taking the experiment first
before the lecture which go over the concept explored in that experiment (Explore-
Instruct), while the two medium N-Gain students (2 interviewee) had chosen to take the

lecture before the experiment (Instruct-Solve).

Responses to the last (hypothesis-guided open-ended) question “write your
opinion: Did you feel comfortable with the Explore-instruct style? What do you say about
the statement “it clarifies the concept better (than the instruct-explore style) at the end,
but you don’t feel comfortable while you try to conduct the experiment before being

instructed”? What else can you say about this style of teaching?” were as follow:

Students with low N-Gain preferred to have the Experiment before Lect. because
they think they will practically experience what is happening, and then the lecture will
stress on what did the results proven, one of these students stated “Explore then instruct
is more beneficial and efficient to the students, because student’s thinking will be wider
and deeper. Furthermore, the first deep information will stay on our minds for long time.

And linking between information in Explore- instruct was strongest than the other styles.”

Students with medium N-Gain stated “I believe that having the experiments after
the lecture keep you on the understanding path. Experiments helps in more understanding
of the points given in the lecture. | know explore instruct style is more exciting for those
who love physics, but | will talk about the vast majority students who don't like to do
things without understanding why they are doing. Knowing what you are doing and what
you are measuring and the ways you do so helps most of the students to be fully aware of
all information given in theory classes.” ,“From my point of view that method of teaching

which depends first on the lecturer then the attempt of the experiment is more useful
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because the lecture first engages the mind in thinking process and improve the scientific
imagery.

Table 25: Responses’ brief of students to questions in the interview.

Interview Questions Level of N-
Gain of the Responses of the interviews
interviewee.
1“What are the features of the | Low N-Gain e Work sheets were very
Physics course you remember that helpful.
had impact on your learning?” e Course was very easy, because
the instructor made it too
simple to us.

e “Iremember that we memorize
the definitions and main
points by using KAHOOT
application which make all of
us attract to the lesson”.

Medium N- “learned many from the
Gain information in the physics

course and new definitions on
basics in magnetism and laws of
Newton and many new
concepts”

2 “What do you think of the Low N- e Doing the experiment before the
teaching style you have |  Gainin lesson helps us to know the
result and to confirm that
before having it taught will
course? “Explain the pros and make the lecture easier. But

Cons. taking experiment after the lesson
will cost a lot of time.

e “Through scientific experiments I
benefited a lot of the new
concepts and in my opinion the
explanation first then the attempt
is good for establishment of the
information”.

experienced in the physics
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“Attempts to solve questions then
the lecture, is good for applying
what has been learned and in my
viewpoint enough questions
should be available related to
each concept in the lectures”.

Medium
N-Gain .

“I do love physics and I loved the
way of teaching. However, most
of student aren't fans of this
subject so the class need to have
more simple way of
explanation for the material
given. Moreover, class need to
have extra activates and
teachers need to motivate the
student to learn more. Solving
more equations helps in
understanding the concept of
the formulas and it helps in
understanding the meaning of
some terms. On the other hand, if
a student understands a lecture,
it helps a lot in lab sections but
if not, there is a chance in lab
sections to understand the
lectures in a practical way”.
“It was new style of teaching
for me, it made me think more
while doing the experiments to
achieve full understanding of the
concept of the experiment. The
negative thing about it | think, I
found it hard to write the Lab.
Report, it took me long time
and sometimes | find myself
missing some data after leaving
the lab.”.
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3In the Lab, when do you think Low N-Gain. e Both responders selected (a-
you understood the concept or the Explore-Instruct approach)
principle of the experiment more?

a) If you conduct the experiment
(do it from the steps in the sheet or
the manual) then receive the
lecture from the instructor? Or b)
If you had the lecture fully by
the instructor and then have the Medium N- e Both selected (b- Instruct-solve
experiment.” : Gain. approach)

4Write your opinion: Did you feel Low N- e “In my opinion, Experiment
comfortable with the Explore- Gain. be_fore Le_ct. Is better_ because |
instruct style? What do you say will practically experience what
about the say “it clarifies the |s_happen|ng and the_n the lecture

. will stress on what did the results
concept better (than the instruct- proven”,
explore style) at the end, but you o “Explore-instruct i more
don’t feel comfortable while you beneficial and to the students,
try to conduct the experiment because student’s thinking will
before being instructed”? be wider and deeper”.
) Medium e “| believe that having the
What else can you say about this N-Gain. experiments after the lecture keep

style of teaching?

you on the understanding path”.

“First the lecturer then the attempt
of the experiment is more useful
because the lecture first engages
the mind in thinking process and
improve the scientific imaginary.”

Based on the collected responses of the interviewed students, the researcher

proposed the following themes: Teaching approach and engagement theme, Problem-

solving activities’ theme, and Student’s anxiety and motivation theme.
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These qualitative data which was collected to study the perspectives of the students;
revealed that the students were aware of the impact of the teaching approach on their
learning. The researcher infers the preference of Explore-instruct teaching approach by
some students only if there is no work to be submitted for assessment. But students in
general preferred the traditional approach when lab reports or any post-section work to
be completed and submitted for formal assessment as they feel less stress and spend less
time in completing and turning in the assessed work. So, the students do not trust their
skills in completing assessed work with the new teaching approach withing the available

time.
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CHAPTER 5

DISCUSSION, LIMITATIONS, RECOMMENDATIONS AND CONCLUSION

This study was proposed to investigate the impact of Explore-Instruct teaching
approach on college students’ scientific reasoning. Population was undergraduates of
scientific collages in a private university at the United Arab Emirates. Two research
questions were set up,

RQ1.“Is there a difference in college students’ scientific reasoning ability (SRA)
development if taught via Explore-instruct teaching approach compared to the Instruct-
solve approach (traditional approach) in physics?”

RQ2. “What are the perspectives of the college students and instructors regarding
the explore-instruct approach after experiencing it?”

Theories and literature in this topic, encouraged the researcher to expect higher
development in SR when teaching via Explore-Instruct teaching strategy, and set the
following three hypotheses and their alternatives:

Hoz : There is no significant difference between SRA Post-test and Pre-test for all
participants in both the control and experimental groups.

Hi : There is significantly higher scores of SR Post-test than Pre-test for all
participants in both the control and experimental groups.

Ho2 : There is no significant difference in all dimensions of SR between the
experimental and the control group.

H> : There would be a significantly higher Normalized Gain in all dimensions of
SR in the experimental group than in the control.

Hos : There is no significant difference in tendency to improve category of SRA

between the experimental El and the control group.

Hs : There is a significantly higher tendency of improving category of SRA in the

experimental group than the control group.
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4.3 Discussion

The methodology utilized for this study was the mixed method. The design was
quasi-experimental comparison-group design for the quantitative part, followed by semi-
structured interviews for the qualitative part. Quantitative findings were based on
statistical analysis of pre-instruction and post-instruction scores of Lawson Classroom
Test of Scientific Reasoning, and qualitative findings were based on theme coding of
semi-structured email interviews. In other studies, such as (Wuriyudani et al., 2018). The
design of the research was One-Group Pre-test-Post-test. This design of one experimental
group only, ignores the effect of factors other than the heuristic method of problem
solving embedded in the discovery learning model. The heuristic method was embedded
in a student practicum sheet in the topic of Pressure in physics. So may be the observed
effect is due to the discovery learning model itself and not the heuristic method. So, the
researcher preferred to use a control group in this study.

Detailed discussion is subsequently following and is presented into sections of
interpretations of key findings and comparisons with findings of other studies, Limitations
of the study and what parts could not be revealed on it, and finally recommendations and

future practical actions that may be taken.

4.3.1 Discussion and interpretations of Quantitative part- question 1

A main purpose of this study was to quantitatively compare the impact of
the new Explore-instruct teaching approach with the traditional Instruct-solve
teaching approach. Comparison was done by comparing the gain in SR of the
participants experiencing each teaching approach. Ultimately, the researcher
aimed at answering the main question 1 which was: “Is there a difference in
college students’ (SRA) development if taught by explore-instruct teaching
approach compared to the instruct-solve approach (traditional approach) in
physics?” first step that has been performed is ensuring reliability and
consistency of LCTSR results. That was evident by a pilot study to the chosen
population performed prior to the real study. The sample in the pilot study
included nineteen students which were not included in the real study.
Cronbach’s alpha of the total score of the test found to be 0.73,but as SR is
multidimensions, consistency of each dimension of its six patterns was also
investigated. All dimensions of LCTSR showed reliable results (a = 0.667).
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In Lawson (2003) study the value of a was 0.88, so the researcher started to
collect the data for the real study trusting its reliability.

The sample included 100 students, 51 in the control group and 49 in the
experimental. The independent variable was “the teaching approach” and the dependent

variable was the “SRA” of the students.

4.3.1.1 Extraneous Confounding factors
To ensure Causal effect of the teaching approach at any observed change in SRA

of the students, the researcher performed the following:

1. Comparing of the starting SRA between the two study groups, where MANCOVA
test revealed that; all dimensions except HDR can be studied with trusted inferential
conclusions in our sample.

2. Eliminating the impact of any confounding factor, resulting from the demographical
differences which includes gender, age, English language level, nationality, and the
starting SRA-Category. The demographical groups though, showed no significant
difference when investigated for interactive impact on the pre-test%. But when
MANCOVA test was performed for starting SRA-categories, it was clear that, the
participants’ starting category of SR was the confounding variable needs to be
controlled when performing the inferential statistics. There may be a difference in
any dimension of SR between the different age groups but may be the reason is that
certain category of SRA was by accident accumulating more at certain age category,
due to the non-random assignment of the students. So, the difference in that
dimension would be related to the difference in SRA and not to the age factor.
Another possible un-real impact may be due to accumulation of certain category at

certain gender , nationality, English language level or study group by accident.

This section will start with discussing and interpreting the difference in SR
dimensions among demographics including gender, Age, nationality, English language
and starting SRA of the participants; followed by a discussion of the descriptive statistics

and inferential statistics.

4.3.1.1.1 Significant testing among demographics
Differences in the participants' populations found to be important when
comparing normalized gains on concept inventories (Moore and Rubbo, 2012). It is then
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essential to study the participants’ demographics when comparing normalized gain in
SRA.

Starting with gender, it was found that gender has no impact on the SRA of the
student. that was in line with other studies (i.e. Alzoubi et al, 2009; Piraksa, Srisawasdi
& Koul 2014;Wuriyudani et al., 2018; Yaman&Karamustafaoglu,2006 &Luo et al.,
2020), also in line with a study by Yuksel (2019) in Science History course and Nature
of Science course, where Scientific Reasoning Skills Test (SRST) was developed by
Yuksel (2015), and after using learning approach based on research-inquiry, and in terms
of students' total scores of SR, there was no significant difference among gender groups
(Yuksel, 2019). In contrast to a study by Yuksel and Tarakci (2018) on middle school
students, post-test corrected scores for sub-dimensions of COV and HDR was
significantly different between female and male students. Researchers need to consider
other factors that may cause this difference if found between genders, such as the level of
SRA of the participant before the test(Yuksel, 2019).

Regarding the participants' age, and in line with the results of this study; literature
(Sokolowski, 2013) indicated that there are no age-related differences between college
students and adolescent in the process or the development of SR. But the difference was

there between 6™ grade students and university students.

Studying the impact of the participants' nationality, even when controlling for other
factors of gender, age, English language level, starting category of SRA and group;
nationalities’ sample sizes does not give trusted results on its impact on SR because of
the small number of participants in some nationalities (less than 10 participants) which is

one of the limitations of this study.

English Language level had no impact on the students’ SRA as shown by the non-
significant difference in SR skills between the different English language levels. That’s
in line to the study by (Kempert & Hardy, 2015) which analysed the data of 57 students
in the elementary school and results revealed that there exist particular differences
between bilingual and monolingual groups on the measurements of executive functions.
On the measure of self-consciousness, the bilingual group performed superior to the
monolingual, but no differences were found on the attentional control measure.

Furthermore, regression analyses in that study of (Kempert & Hardy, 2015) revealed that
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the measures of attentional control and cognitive ability, explained students' performance
on the reasoning task. And as there was no difference because of the language differences
in the attentional control, accordingly no differences in the reasoning as was found here

in our study.
Categories of SRA.

The starting categories for the control (C) group and the experimental (E) group
were C = 49%,E = 80% concrete level, C = 49%,E = 20% Transitional level, and
C = 2%, E = 0% Formal level. The results of Khoirina and others (2018) indicated that
for 51.14% of the sample size, the average score of the SRA for 11" grade Indonesian
population of students was at the category of concrete reasoning, at that concrete
reasoning level, students were able to; answer the questions on conservation of mass and
volume dimension, and proportional thinking very well. Of the studied sample 47.72%
were at the transitional reasoning level, at which students were capable of answering all
conservation of mass and volume questions, proportional thinking, and a few questions
on dimensions of control of variables, correlational thinking indicators and Hypothetical-
deductive reasoning. The lowest among the SRA categories in the study of Khoirina and
colleagues was the formal reasoning category (1.14%), at that category of formal
reasoning, students were able to properly answer all SR questions of LCTSR. Khoirina
and colleagues attributed the causes of low ability of operational reasoning of high school
students to the learning process which had not been classified properly to motivate and
enhance students’ SRA. the percentages of students in the different levels in Khoirina and
others (2018) study was similar to the control group in this study. But The categories
percentages were significantly different between the two study groups in this study, and
it was indicated by the researcher, that the starting category is the confounding variable
which needs to be controlled while studying the causal effect of the teaching approach on
the growth or the gain in SR.

4.3.1.1.2 The students’ Pre-test% and Post-test%.
The first hypothesis proposed to answer the first question was Hi : “There is
significantly higher scores of SR Post-test than Pre-test for both the Explore-Instruct and

Instruct-Solve groups”.
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The students’ average total SR % pre-test was in the concrete level (26%) and Post-
test was in the transitional level (41.2 %). For the control group pre-test average score

was in the concrete36.5 and ended up with transitional level SR % of 45.6.

Comparing the total SR scores of the two study groups before and after the
intervention, Wilcoxon Signed Ranks Test, (Table 13)indicated that post-test total SR
scores were significantly higher than pre-test scores in both study groups. With regard to
the dimensions of SR, they were tested via Wilcoxon statistical test (Table 14),which
indicated that post-test%s of the students in both the experimental and control groups did
show significant statistical difference from pre-test% for CV, COV and CRR dimensions.
In the control group HDR had a significant difference between pre-test and post-test %,
but not in the experimental group. While for the PPR and CMR dimensions the post-test%
did not differ significantly from pre-test %. Those findings were in line with the findings
of (Yulianti et al., 2020) which investigated the SRA of 32 students in a junior high
school. The model was applied in three consecutive sessions, and the students' answers
of 10 multiple-choice two-tier questions, which comprised of 7 SR dimensions, have
been analysed. a few key findings were in line with the findings of this research as
follows: (1) enhanced scores of students' tests were noticed for each SR dimension and
(2) each syntax of the guided inquiry produced an uplift to the students' SRA. An
indicator of the level of typical reasoning skills which was considered in(Yulianti et al.,
2020) and also in study by (Lagubeau et al., 2020), was the percentages of correct answers
for each dimension .

In interpreting that significant increment, it is good to recall the followed
strategies in the two study groups. The experimental group experienced the
Explore-Instruct (El) teaching strategy while the control group was taught
using the traditional way of Instruct-Solve (IS). Instruct-solve strategy often
starts with concept explanation by the instructor, followed by examples solved
also by the instructor, ending up by students solving problems independently
(classroom observations were done by the researcher). El strategy is the other
way around, it starts with students exploring the problems independently, the
instructor then provides guidance and encourage discussion between students,
and the session ends up with concept presentation and explanation by the

instructor. As the physics laboratory is a co-requisite to the physics course in
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the academic plan of the university where this study took place; laboratory
experiments related to taught topics followed the related lectures in the
traditional teaching strategy, but the experiments advance (within a week) the
lectures in the EI strategy. AIll participants in the two study groups registered
Physics in common. Otherwise, participating students study different other
subjects, as the course or the section enrolment is individual and not similar for
the hall section, it included students from different baches study other courses
depending on their university specializations and levels.

Even though it is seen by students as an abstract complex subject, and it is
logically sophisticated (Bao et. al., 2009), and due to the nature of the contemporary
knowledge community which based upon science (Rusli, 2012); the basic physics
lectures may lend themselves usefully for developing the scientific thinking of the
students. And as an experimental science, Physics surrendered itself to the natural
enhancement of the hypothetico-deductive reasoning; this reasoning is widely used in
science practice and it involves utilizing a hypothesis to explain observed facts, designing
an experiment and predict its outcomes using the proposed hypothesis, carrying the
experiment out and then compare the outcomes with the predictions and accordingly
accept or reject the hypothesis (Etkina et al., 2007). The Physics though, and any
scientific subject may be taught via several approaches, but the Inquiry-based teaching
approaches found to make a noticeable change to student’s SRA in just one semester(L. Bao et
al.,, 2009). That has been considered by Bao and his colleagues an encouraging outcome.
However, to make it a solid finding, extra research is needed to understand the SRA change
underlying mechanisms . In line with the study of Bao and others comes the results of
Wilcoxon Signed Ranks test in Table 14 . It has indicated that post-test% of the students
in the experimental and control groups did show significant statistical difference from
pre-test% for CV, COV and CRR dimensions. HDR in the control group had a
significant difference between pre-test and post-test, but not in the experimental group.
While for the PPR and CMR dimensions the post-test% did not differ significantly from
pre-test % . So, both teaching strategies had no significant effect on the PPR or CMR of
the participants, but they had a significant effect on the CV, COV and CRR. That urged
us to focus the statistical tests that came after that on the difference between the EI and

IS approaches in CV,COV and CRR only. In contrast to that, Yulianti and others (2020)
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observed the increment of all SR dimensions’ scores after applying
the guided inquiry model for 32 junior high school students, in three consecutive
meetings on the topic of pressure, they concluded that each syntax of the guided inquiry
model elevates the students’ SRA.

The statistics in the result section showed that the COV experienced statistically and
practically significant increment after the EI teaching design. When Koenig and
other(2019) redesigned the traditional Physics Lab section and that resulted in
development of aspects and moving the students to higher levels of reasoning of COV of
algebra-based physics students (n = 296)and calculus-based physics students (n = 503),
who used similar curriculums in their particular lab courses. It was indicated in (Koenig
et al., 2019)that at the intermediate and low levels of COV, students made significant
improvements. whereas at the highest COV level, little progress occurs.(Koenig et al.,
2019) followed a random-group, repeated cycles, multi post-test methodology to assess
more accurately by increasing the measurement frequency of both the occurring students’
changes and the timing of those changes, to understand better the way by which certain
pre-lab and in-lab activities affected the student progress of the COV skills. With more
than 500 undergraduates in all sessions of the lab course every term, Koenig and her
colleagues were able to form five groups randomly of around 100 undergraduate each.
Therefore, statistically significant differences could be figured out with signals bigger
than 5% with an error of measure on the order 0f2%. All 5 subgroups have been taking
the SR pre-test at the term’s first week, while the post-test has been randomly assigned to
one group of the five at end of the course on weeks 4, 7, 9, 11, or 12 ; the first four weeks
matched up with the due dates of the lab reports, indicating that an investigation cycle
was completed, and the next investigation cycle will start. Because of the random
assignment, the subgroups had been considered as equal samples of the same population.
Accordingly, multiple measurements of the assigned weeks had been combined, Koenig
and others were able to investigate the covariations between the teaching activities which
occurred throughout the term period and the students’ COV skills, with a resolution of
time of about 2 weeks (one learning cycle). The results enabled Koenig and colleagues to
discover that most of the effect on the COV dimension progress was a result of the first
four weeks of the laboratory course, and mostly in the low and intermediate levels range.

These results encouraged later in the course to make amendments to the activities. The
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amendments involved adding extra exercises prior to the lab and prompting questions for
in-class activities in addition to lab reports that offer students with extra intentional
practice of the lacking SR skills. Subsequent investigation showed that these amendments
further developed students’ abilities; the mean total pre—post shift increased from 10.8%
in the year of 2016to 14.8% in the academic year 2017. Even though (Koenig et al.,
2019)could demonstrate that specific SR skills may be taught inside existing structures
of the course, students reached the maximum point early and did not progress to higher
levels in the course. For intermediate and basic levels of COV, most of the progress
happened during the first 4 weeks in the course. These COV skills are essential because
they lead to the higher reasoning skill segments essential in hypothesis testing and
validation, according to Kuhn’s framework of theory-evidence coordination reasoning
(Kuhn, et al. 2008). Koenig and other accordingly, suggests that extra course work is
needed to develop students’ COV reasoning further and target these complex skills better,
particularly on the higher level COV.

About the importance of CoV aspect of reasoning, it has been revealed in a cross-
sectional research with 1283 students in grades 5-13, Schwichow and others (2020)
investigated whether there is a relation between students’ mastery of Control of Variable
Strategy (CVS) and their scientific content knowledge in the subject of physics. It has
been indicated that CVS is significantly associated with science content knowledge of the
students, even with controlling for the common impacts of the general reasoning skills.
In lower-secondary school grades, Significant differences exist between students” CVS
abilities and their science content knowledge when they receive physics education.
Analysis reveals that the most difficult CVS aspect for students is understanding the effect
of confounding. This sub-skill appears in the upper- secondary grade and it necessitates
that students master CVS’ procedural sub-skills more. Schwichow and others(2020)
concluded that CoV Strategy and science content knowledge are strongly related in the
contexts of secondary school science. The identified sub-skills different patterns among
students as per Schwichow and others’ suggestion can inform science educators and
researchers about the CV'S sub-skills that students lack to be trained and focused at during
interventions. (Schwichow et al., 2020)

. Inferential
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The inferential statistics studied the impact occurred to all the SR
dimensions because of the instruction design in both the control and
experimental groups. The starting point in both groups needs to be similar.
Because as per Johnson & Christensen (2014), purposive assignment or non-
random assignment of students who were already enrolled in classes, threaten
the validity of inferential conclusions. So, the Pre-test data of SR test had been
compared between the control and experimental groups. MANCOVA test was
performed, and it was revealed in Table 19 that; HDR was the only dimension
that showed significant difference between the two groups prior to the
treatment. But starting categories of SRA significantly differed in all SR
dimensions, which is expected, as concrete reasoners will own by definition
lower levels of SR dimensions than formal reasoners. The researcher is
expecting that students who previously studied courses together or graduated
from the same high school and planning to join the same major, enrolled
themselves in the same sections leading to kind of purposive assignment of
students in the control and experimental groups. Confounding factor then
found to be the starting SRA of the students, that was in line with ( Coletta &
Steinert, 2020) which indicated that different populations of students can
significantly have different reactions to the same pedagogy, so before
interpreting any normalized gain, it is essential to consider measuring the
starting abilities of the students. Because Coletta & Steinert (2020) wanted to
avoid the confounding impact of the starting students’ ability with the impact
of the specific pedagogy. so, in interpreting normalized gains, average scores
on either the SAT or LCTSR should be considered, since these scores are
strongly associated with normalized gain( Coletta & Steinert, 2020).

After gauging the starting level of both study groups, and as people
according to Lawson (2005) seem to process information in highly abstract
sequences of hypothetico-deductive reasoning. It is then natural that, science
teaching should offer students chances to produce and examine highly abstract
and complicated theories and hypotheses ina  hypothetico-deductive
way. Students inthis way, are expected to practice and become more and more

aware  of their underlying hypothetico-deductive  thinking  processes,
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progressively more competentintheir HD application, and consequently more
and more scientifically literate. So, depending on this conceptual framework,
the researcher proposed the second hypothesis, Hz> : “There would be a
significantly higher Normalized gain in all dimensions of SR in the EIl group
than in the IS group”.The dependent variable here is the Normalized gain and
the independent variable is the teaching strategy followed in each group.

Normalized gain for the total SR as a whole, and for each of the six SR dimensions
individually was calculated using Hack 2002 rule. The difference in “Normalized Gain”
in the total SRA and the difference in “Normalized Gain” of dimensions of PPR, COV,
CMR and CRR was then investigated comparing the experimental and control groups to
validate or not validate the hypothesis H.. The results showed that when expected
extraneous factors are controlled, the two studied groups significantly differed in the N-
Gain in COV dimension only. N-Gain in COV found to be significantly higher in the
experimental group than the other group.

N-Gain in COV was the only dimension among the other SR dimensions that is
significantly higher in the EI group than the control group (table 19). Nissen et al. argued
recently for using Cohen’s d, instead of the most widely used N-gain, in analysing the
preintervention and postintervention scores on concept accounts utilised to assess the
efficiency of instruction. They advocated such a change because they think N-gains are
“prescore biased.” Coletta& Steinert(2020) provided five examples, which show that if,
data is carefully analysed , no pre score bias found, showing that their problem was the
analysis’ omitted variable bias. Coletta & Steinert showed that Cohen’s d is not as
informative as the N-gain when utilized as a singular parameter measuring of instruction
effectiveness, although, Cohen’s d is more commonly utilised in other fields. But Coletta
& Steinert (2020)believed that researchers of physics education should continue using N-

gain to measure efficacy of pedagogy(Coletta & Steinert, 2020).

These findings are in line with the study by (Erlina et al., 2018) where they analysed
the Evidence-Based Reasoning (EBR) which they adopted as a framework for inquiry-
based teaching to develop SR. Their research aimed to examine the EBR effectiveness in
inquiry-based teaching of Physics in a trial to improve students’ SR. Their study involved
139 secondary school students having similar prior knowledge. sample determination had

been calculated by applying solving formula. The design of this study was one group pre-
65



test post-test with repetition. Paired Sample T-test was used to study the effectiveness of
teaching on developing SR and ANOVA test was used to examine the consistency of the
effectiveness throughout in test group. The results indicated that EBR efficiently
improved students’ SR in Physics based upon two primary grounds. First, the category of
the N-gain in SR component showed significant difference between pre and post-test, it
proved that (COV)dimension reached high category, while proportional reasoning and
probabilistic reasoning reached moderate category; correlational reasoning attained low
category and hypothetical-deductive reasoning also attained low category. second, the
level of SR has reflected that the experience was portrayed by somewhat imperfect
answers. So Erlina and colleagues (2018) drew several conclusions, First, a highly
significant improvement (2-tailed asymptotic significance of p<.0001)on SR of students
resulted due to the implementation of EBR in Physics teaching. Also, COV dimension
reached high category, after the EBR application, (proportional and probabilistic
reasoning)reached moderate category and (correlational and hypothetical-deductive
reasoning)reached low category. Lastly, no significant difference was evident in the
amount of increment of each SR dimension between the 4 groups of the study. Erlina and
colleagues (2018) also claimed that Students’ motivation needs to be grown at beginning
of the learning to attract their attention to the presentation of premises. They emphasized
that EBR needs to put emphasis on the clarification process. Precise clarification on the
explanation of the learned concepts and interpretation of the result of empirical
verification needs to be undertaken before the application, leading eventually to an
accurate claim. So, instruction needs to be coupled with logical interpretation (Erlina et
al., 2018)

In line with Erlina and others (2018) study, it has been revealed in Table
20 of this study that, “N-Gain of COV” due to Explore-Instruct design showed
no significant difference(p > 0.05) Between the different pre-instruction
Categories, so regardless of the beginning SRA of the participant, Explore-

instruct approach can achieve similar N-Gain of COV for all SR levels.

Correlation tests between N-Gain in COV and the study group were performed, and

partial correlation test while controlling for the starting category revealed association

66



between the N-Gain and the teaching strategy, with more N-Gain associated with the
Explore-Instruct.

Finally, regression analysis test has been performed to study two
relationships, one was between Post-test COV and Pre-test COV in each study
group, the other one was between the teaching strategy and the N-Gain in
COv.

reflected that pre-test COV was a significantly high predictor of post-test
COV in the IS (control) group, it explains around 18.2% of the post-test COV
in that group. In contrast, pre-test COV in the EI group; was not a significant
predictor of the post-test CoV, it explains only 3.2% of the variance in post-test
CoV. Beck and Bliwise, (2014) interpreted that when a significant interaction
exist between pre-test score and experimental group on post-test score, that
indicates differential impacts of a treatment based on participant’s preparation.
But the opposite is happening in this study, which means that the impact of El
approach on the post-test CoV, is not based on student’s preparation or level of
pre-test CoV.

Categories been affected:

The distribution of students among the different levels of the SR and their mean
score in each category, after experiencing the two teaching styles have been analysed.
And it has been observed that after the physics course, the Concrete participants in both
groups experienced growth in SRA and move out of the concrete category more than the
transitional and formal participants, but the transitional and formal categories did not
experience such shifting and mostly stayed within the same category after instruction.

Crosstabulation of frequencies and percentages of students in each level of SR (concrete,
transitional, or formal) before (Categ. -PRE) and after (Categ. -POST) the intervention
was presented in the results section. The null hypothesis in this contingency table, HO:
“There is no significant relationship between the starting percentage of SR category and
the percentage of the post-instruction category”. The crosstabulation indicated that; in the
experimental group; 36 % of the concrete SR had moved out to the transitional category
and 5% to the formal category. In contrast, in the control group, 36% also, moved out of

the concrete category to the transitional and no one had moved out of this category to the
67



formal. The formal reasoner participant stayed as a formal reasoner. Transitional
reasoners mostly stayed in the transitional category in both groups, but in the control
group, 12% of those transitional reasoners shifted to the formal category. and formal
reasoners are in the ceiling already, so cannot be investigated for category raising.
comparing that with surveyed data of a population of 231 high school students in
Indonesia in the academic year 2017/2018 studied by Effendy and others (2018), Concrete
Operations percentage was 33.11%, Transitional 30.41%, and Formal Operations
27.81%. The results of (Marusi¢ & Slisko, 2012) of three tried teaching methods,
presented in the below table and compared with the data of the Explore-Instruct (EI) and
Instruct-Solve (IS) approaches in this study.

Table 25 : Percentages of different approaches' students Pre- and Post-intervention in
each category

Concrete Transitional Formal
El group (%)
Pre 80.0 20.0 0.0
Post 18.0 76.0 6.0
IS group (%)
Pre 49.0 49.0 2.0
Post 21.0 61.0 18.0
RPQ group (%)
Pre 26.4 57.1 16.5
Post 24.2 47.3 28.6
ED group (%)
Pre 27.1 52.9 20.0
Post 15.3 45.9 38.8
TM group (%)
Pre 31.3 49.4 194
Post 29.0 51.6 194

El: Explore Instruct approach. Pre: Pre-intervention. Post: Post-intervention. RPQ: Read Present
and Question. TM: traditional method. ED: Experimenting and Discussion.
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In (Marusi¢ & Slisko, 2012) the traditional method (TM) differs from the Read Present
and Question (RPQ) and the Experimenting and Discussion (ED) in that the instructor
wholly utilized oral presentation in presenting the lessons, the students wrote notes from
the board in their notebooks and sometimes used the textbook. Numerical questions had
been carried out on board. Unless there was some abstraction in the presented material
there was no discussion during the session, and explanations were only given by the
instructor. There was a strict organization of students’ seating arrangement, and no
communication was between them. In the contrast the ED approach was organized by the
teacher in such a way that at every session a simple experiment was carried out. The
experiment was described at the beginning of the session, to the students without really
performing it. Students were then asked to expect the possible results of that experiment.
Both the physical explanation and their predicted results had to be written down in their
notebooks. They were then, asked to reveal and define their personal explanations of the
predicted results. Once that was done, the students with the same views were grouped
together, students were able then to present their explanations and debate. The debate
made it possible for the instructor and students themselves to clearly recognize their level
of SR. The experiment had been carried out post the debate by the instructor and the
results were recorded. Unexpected experiments’ results always produced students’
positive emotions and enjoyment and they even often requested to re-carry out the
experiment themselves as they felt the results was not believable for them. Obviously, the
teacher then required the students to always conduct the experiment themselves.
Following the performance of the experiment there was another debate supported by the
reasons for expecting specific results. This discussion, has been helped and guided by the
teacher, resulted in the formation of a better justification of the observed phenomenon. In
this ED approach the seating was not strictly arranged, especially during conducting the
experiment, the students grouped around the experiment to closely observe and
participate in currying it out (Marusi¢ & Slisko, 2012).In the RPQ teaching and learning
design by Marusi¢ and Slisko (2012), each section was broken down into three teams, to
encourage analysis and discussion of the suggested topics from the field of the modern

Physics. Each of the following tasks was assigned for one of the three teams in the section:

(1) presentation of the questions and problems that emerged from the first topic,

(2) presentation of the questions and problems that emerged from the second topic,
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(3) questioning presenters, and critically analysis and evaluation of the reading
materials.

The students in the RPQ approach selected their teams themselves, based on their
interests and also based on the level of mastery in physics. The instructor assigned
students to a proper team when the choice was doubtful, the instructor also assigned a
team leader who was responsible for distributing reading materials and in charge of

setting the team for their task in the project and for presenting the given topic.

Discussing the impact of the teaching approach on the concrete reasoners; the
researcher observed that the biggest difference between pre- and post — the intervention
was with the EI approach as revealed in table 25 . But of course, the population of this
study is different from the one in Marusi¢ and Slisko (2012) which have been presented
in the same table for discussion purposes. Most of the transitional reasoners stayed in the
transitional category in both groups, but 12% of those transitional reasoners shifted to the
formal category in the control group. and formal reasoners are in the ceiling already, so
cannot be investigated for category raising. These results of the contingency table of
categories presented in the results section of this study, showed that there is a significant
relation between the categories post-instruction and the beginning categories. with an
effect size shown in the contingency table indicated practically significant results in both
the experimental (Gamma = .840) and the control groups (Gamma = 0.961). the higher
gamma value and the closer it is to value of 1, means the closer the statistical results to
the real practical life results (Johnson & Christensen, 2014). Comparing those results with
a study by Wuriyudani and his colleagues (2018) in the Indonesian context; they found
that as their teaching approach of “problem solving heuristic method” showed a positive
impact on the SR of students, the concrete level of SRA has decrease by 34.38%. the
middle level of SRA (transitional category) has increased by 31,25% and the highest
category of SRA (formal category) has increased by 3.13%.

So, the concrete participants had the most tendency among the other participants to
shift toward a higher category when experiencing Physics teaching via Explore-Instruct
or Instruct-Solve teaching approach in this study and even in other studies like the one of
Wuriyudani and his colleagues (2018). The answer for sub-question 3 though (g3): “Is
there a significant difference in tendency to shift toward higher categories between the

two followed teaching strategies?” is “No difference”, because the crosstabulation did not
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reveal a clear difference between the two followed teaching style in the percentage of one
category ending up with higher category. Comparing these findings of impact on
categories with a study by Lagubeau, Tecpan & Hernandez (2020); Lagubeau and the
others compared the failure rate in introductory physics for the different categories and
found that, transitional category, which was the major category in their context, benefited
the most from their tried active learning innovation. So, the researcher is expecting that
there may be a factor in the concrete reasoners which is highly affected by Explore-
Instruct and Instruct-solve approaches in this study and in Wuriyudani and the others
(2018) study, while in Lagubeau, Tecpan & Hernandez (2020) the tried approach affected
a factor in the transitional reasoners that decrease the failure rate in Physics for this

category more than the other two categories.

Formal reasoners are in the ceiling already, so cannot be investigated for raising
category, but the researcher is expecting a change in a smaller scale. The smaller scale
change in the formal level of SR may be suggested as a topic to focus at in future studies.
So, in this stage of our research, we can discard our third hypotheses that states Hs : There
is a significantly higher tendency of improving the category of SRA in the Explore-
Instruct group than the Instruct-Solve group. And generally, as per Blumer and Beck
(2019), with guided-inquiry laboratory courses, student SR skills in their study, did not
progress pre-test to post-test. But, when divided into 4 quarters based on the pre-test score
in each course, the lowest quartile students had significant gains in both groups.
Nonetheless, these findings suggest that courses with guided-inquiry laboratory activities
can foster the development of basic SR skills for students who are with minimum

preparation throughout a range of class levels.

4.3.1.2 Explore-Instruct and CoV

Finally, regression analysis reflected a statistically and practically significant
relation between N-Gain in CoV and the Explore-Instruct teaching strategy. Results
indicated significant impact of the Explore-Instruct teaching strategy where the achieved
CoV post-test, is determined by the achieved normalized gain in CoV regardless of the
starting score of CoV. But in the absence of Explore-Instruct teaching strategy, the
achieved normalized gain which may be due to the nature of the Physics subject, is
determined and predicted by the starting CoV pre-test. This interpretation encourages

reasoners with low levels of CoV to expect enhancement in the pattern of CoV after
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experiencing Explore-instruct approach. And that prediction is via practically significant
relation between N-Gain in CoV and the EI teaching strategy, where it appeared that the

teaching strategy has been accounting for around 6.6% of the variance in N-Gain in CoV.

CoV dimension of SR if at all instructed in a college science course is
likely to follow the traditional way of teaching science process as per
Boudreaux et al., (2008), which is often taught as a set of standardized
techniques to be memorized and pursued. Students are often unable to reason
outside of the class context when faced with context that differ from the
specific examples solved in instruction. Boudreaux and others found that even
pupils with a relatively high mathematical skill in courses such as the calculus-
based physics, find it difficult to link particular inferences with the related
experimental results that are backing them. Science courses offer the students
an opportunity to stimulate production of inferences based upon evidence and
logical reasoning. The approach Boudreaux and colleagues have adopted in
assisting students and guide them on how to apply COV is to monitor them
through the needed reasoning in several contexts across an extended period.
Their teaching experience and research indicated that students would develop
capacity in certain skill when instruction in reasoning is embedded in a
coherent frame of content and students would also strengthen their conceptual
understanding of the related content. The procedure of going over the
reasoning needed to produce inferences out of experimental data allows
students to differentiate between the things they came to know because they
were told and the things they understood. Boudreaux and others taught COV
utilizing the context of sinking and floating to K-8 teachers and have
concluded that the experience has enhanced their confidence and competence
to do, learn, and instruct science. And as Boudreaux and colleagues’ study
focused mainly on the reasoning essential for making decisions of whether
certain variable impacts the performance of a system or not. Even though they
found that most students in their study could articulate the necessity to control
variables while designing an experiment, Boudreaux and others found that

many students struggled with the underlying COV reasoning. Boudreaux and
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colleagues then administered specifically designed activities to obtain
comprehensive insights of student thinking, they found that a lot of students
attempted to draw inferences about the impact of a variable even when
numerous variables have been changed. On the other hand, some students drew
inferences on whether a variable affects the system performance even if that
variable have not been changed. Other students found to be utilizing the
reasoning necessary for deciding that certain variable predicts the behaviour of
a system when being requested to decide on the possibility of that variable
impacting the behaviour of that system. Some students appeared to trust that
only one variable can impact the behaviour of a system. Also there has been
found a confusion between independent and dependent variables in addition to
many difficulties resulted from certain beliefs about the causal processes
related to a specific system. In general, Boudreaux and colleagues found that
COV reasoning skill are challenging for all academic levels’ students. Because
designing experiments and results interpretation are key to the scientific
process, anyone might expect that students of the calculus-based courses of
physics have facility with that aspect of SR. But the activities used in
Boudreaux and others’ study were still challenging for that population, and that
was because most of the students, do not appear to reflect on the skills of
reasoning that underlies the COV on their own, their struggles need to be
explicitly addressed, Moore and Rubbo, (2012) also agree with Boudreaux and
others in this explicit presentation of SR in any of the elements of the course,
for example, in the lab session of a course. As per Boudreaux and others,
understanding the COV is important and necessary mainly for precollege
instructors. Yet even instructors who have been previously teaching the topic
of sinking and floating had significant difficulty with the activities used in
Boudreaux and others’ study. Those findings have strong consequences when
developing an educated community, since data that are presented publicly are
not easy to be interpreted to identify the effect of a specific variable. And it is
crucial not only to be capable to interpret the data presented to draw inferences,
but also to acknowledge the circumstances in which inferences are not

warranted (Boudreaux et al., 2008)
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4.3.1.3 The relationship between SR. and Explicit instruction

As per Moore and Rubbo, (2012) there is a strong association between pre-instruction
SR scores and N-Gain on concept inventories. That association was strongest mostly for
theoretical content, which lack direct observed examples, and mostly weak for descriptive
content, where direct observed examples are abundant. significant gains in theoretical
content (such as force and energy) were challenging for the population of students in
Moore and Rubbo (2012) study, even though the implemented pedagogy was interactive
research-verified engaging pedagogy which is expected to result in gain in content
knowledge. Moore and Rubbo (2012) also observed that SR gains do not significantly
happen without explicit instruction of SR patterns. This has many consequences for
teaching, such as the essential need for explicit teaching of SR and the possible need for
a re-evaluation of the established topics’ sequence in astronomy and conceptual physics.
But Explicit discussions about SR in a guided-inquiry classroom should be executed with
care, as it is easy for example that struggling students to seemed to make connections, but
they are simply copying by memorization the SR of other students in their group. This
have been revealed to Moore and Rubbo, (2012) as they found students poorly performing
on individual SR tasks after the instruction, while they were correctly approaching the
tasks requiring those SR skills during the group discussion.

4.3.1.4 SR., Interpretation and Judgment.

The researcher expected development in SRA of both study groups because of the
nature of the Physics as a scientific experimental subject, Physics raise SR as per (i.e., L.
Bao et al., 2009; Effendy et al., 2018; Erlina et al., 2018), that is why the researcher
selected the two groups design, to differentiate between SRA enhancement as a result of
the taught subject and the enhancement as a result of the tried teaching approach Explore-

Instruct.

As a result of the Explore-Instruct teaching approach in the experimental group; the
researcher proposed H,:“ There would be a significantly higher Normalized Gain in all
dimensions of SR in the experimental group than in the control group”. That hypothesis
could be validated only for CoV. Explore-Instruct approach could enhance the dimension
of Controlling and identification of variables and accordingly enhance the skill of
judgment and decision making to control or vary a variable and evaluate what will happen
to other variables affected by it. If that skill could be enhanced in scientific domain, it
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will accordingly be the basic for Control of Multivariable (Fyfe et al., 2014).
Multivariable contexts are more than the one variable in the real daily life. In a study by
Kuhn, all participants categorized as being successful in utilizing the strategy of control-
of-variables, were able at the end of an intervention period, to identify multiple causal
and non-causal effects functioning in the multivariable context explored by them in that
study(Kuhn et al., 2008).That will lead to enhancement of the interpretation and judgment
process in the social domain also (Kuhn et al., 2008).Because human interpretation in the
social domain needs to be managed to enhance objectivity over subjectivity, while in the
scientific domain needs to be exist and optimized to advance science according to Kuhn
and colleagues who stated that:

“In the social domain, then, the major challenge is to come to terms with the

concern that human interpretation plays an unmanageable, overpowering role,

while in the science domain, the major challenge is to recognize that human

interpretation plays any role at all” (p.15)
4.3.1.5 Value of interpreted quantitative results

In this study, interpreted results and findings show that traditional Physics

teaching approaches if replaced with an inquiry-based approach will improve the aspect
of identifying and controlling of variables which was found by recent studies (Boudreaux
et al., 2008) to be challenging for students at all levels even students in scientific majors.
and as per Drummond and Fischhoff (2017) little is known about the skills, which needed
by the non-scientists to peruse and assess scientific evidence, so the findings of this study
provide data in that area for curriculum developers, policy makers and teachers working

in a context close to this study’s context.

As the design of the study was pre-test post-test two groups design, with a group
considered control group, the findings are more related to the tested Explore-Instruct
teaching approach than the findings of other studies of - one group pre-test post-test
design- such as the one by Erlina and others (2018).

Lagubeau and colleagues (2020) findings suggest a possible increment that may
reach up to 150 students pass the course each year. But that study did not forget that the
infrastructure of universities in the developing countries, is often consist of medium size
classrooms of 50 students. Consequently, applying active learning will not increase

sections’ number, making it financially durable: the primary investment of a single
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classroom renovation, which is equivalent to about 8 student fees as per Lagubeau and
colleagues (2020), would be reimbursed in less than a year through the drop of academic

risk.

4.3.2 Discussion and interpretations of qualitative part- question 2

The interviews were via emails because the researcher and participants were in
different cities and the only mean of contact with the participating students was the email.
After receiving the students’ responses and given that the sample size was only four
students, the researcher did engage in a manual coding and therefore data of the interviews
was manipulated by analysing the raw data of each response, to generate initial codes,
related to the Physics pedagogies. These codes were then clustered together to form the
themes in the following domains: Teaching approach and engagement domain, Problem-

solving activities domain, Student’s stress, and motivation domain.

4.3.2.1 Teaching approach and engagement theme:

For students’ responses of: “Through scientific experiments I benefited a lot from
the new concepts and in my opinion the explanation first then the attempt is good for
establishment of the information”. And “Attempts to solve questions then the lecture is
good for applying what has been learned and in my viewpoint enough questions should

be available related to each concept in the lectures”.

Researcher’s Interpretation and connection to literature: For laboratory
experiments , instruct-solve is better, but for theoretical lectures and concepts; explore-
instruct is preferred in a condition of having enough questions for each theoretical
information to be delivered, and the reasons may be as expected by the researcher due to
the differences between Lab. and lecture, in that there is no assessment of answers to
questions provided before the instruction, but a submission of the experiment report is
compulsory and will be graded. So, students feeling tensed about being assessed may urge

them to choose instantaneous high grades instead of far deep learning.

For students’ response of: “I learned a lot from the information in the physics course
and new definitions on basics in magnetism and laws of Newton and many new concepts™
Researcher’s Interpretation and connection to literature comes as follow: The student feel
that she learned big amount of content knowledge, she described these contents as being

new; even though it has been studied in high school. So, may be:
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o The student perceived the topic in a different way than high school.

o The instructor did not connect the topics with what is already known by the student
about those topics.

o More data was presented in the specific topic in college than higher school.

o The different language of instruction made the subject look new (most students had
Physics in Arabic in the high school)

To connect these interpretations to theoretical framework and literature,
it worth to recall Qadir (2016) theoretical aspects, that different cognitive
constructions include various approaches inside the cognitive cycle, and the
application of certain cognitive framework impact the related reasoning within.
So as per the participants in this study the EI is preferred in lectures but in
practical labs, where they are expected to conduct practical experiments, they
prefer IS. Preference here reflects less mind conflicts in need of being resolved.
so, laboratory sessions are expected by the researcher to expose the students to
more mind conflicts. As per Koenig and others (2019), the more the recurrence
of progressive learning cycles and accordingly more mind conflicts, the higher
will be the development of SR, which is the case with the EI approach but
rarely happens in IS approach, where the student is passively learning. Koenig
and others (2019) showed that in the practical physics laboratory, progression
of COV happens in the first four weeks, most probably, the students see that
progression as receiving of new concepts and information even though they
received this knowledge before in the high school. While experiencing the
Explore-Instruct approach, the researcher expects the occurrence of more
“phase sequences” formation, that starts with procedural memory cell-
assemblies prior to declarative memory cell-assemblies (Phase sequence theory
by O.Hebb in 1946), the thing that makes the explore-instruct approach
cognitively closer to the process of scientific way of thinking. According to the
abductive theory of scientific method (ATOM) by Haig, (2005) “phenomena
serve the important function of prompting the Search for their own
understanding by constructing relevant explanatory theories”, that is consistent
with the explore-instruct, where the observation in the laboratory or natural

phenomena in daily life is noticed or experienced first (explore), followed by
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the student’s mind analysing it to reach a solution or an explanation, ending up

by elaboration and discussion of theories during the (instruction phase) lecture.

Based on the previously proposed theoretical framework, which is supported by the
cognitive learning theories (students’ understanding), and with the assistant of
constructivist theories' teaching approaches (Barz & Achimas-Cadariu 2016); That
cognitive work explains the enhancement in COV dimension of scientific reasoning with
El approach more than the traditional Instruct-Solve approach. The researcher expects
that; EIl enables the students to experience more phase sequences that start with scientific
thinking; SR mechanisms may then precede other cognitive processes when experiencing

daily life situations on the long term.

4.3.2.2 Problem-solving activities ‘theme

Interpreting the students’ statement “Work sheets were very helpful”: the
researcher expects that solving questions independently was something that gives
confidence for exam readiness and deepen the understanding of the received
information. The thing that was showed and proven in previous studies such as the
one by Ersoy and Baser (2014) which concluded that Problem-Based Learning
(PBL) procedures has a commitment to the improvement of students’ creative
thinking aptitudes. Not like the conventional teaching strategies, PBL teaching
techniques build the expertise of the person’s creative thinking which is one of the
higher-order thinking abilities. Higher-order thinking abilities are so vital
particularly these days, there is an urgent need for people having the capacity to
think creatively. According also to a study by Schuster and others (2007), via
teaching problem solving in Physics, the learners apply the physics’ principals
while passing over and working out the solutions, and that enrich the learner’s
thinking when tackling real-life issues. As an experimental science, Physics
surrendered itself to the natural enhancement of the hypothetico-deductive
reasoning; this reasoning is widely used in science practice and it involves utilizing
a hypothesis to explain observed facts, designing an experiment and predict its
outcomes using the proposed hypothesis, carrying the experiment out and then
compare the outcomes with the predictions and accordingly accept or reject the
hypothesis (Etkina et al., 2007).
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4.3.2.3 Student’s stress, and motivation theme

In an exit questionnaire was adopted from Ornek and others (2008) research and
completed by a sample of 25 students from the population of this study, but these 25
students were not participants in the sample of this study. Causes of difficulty in the
subject of Physics from the students’ points of view were revealed. As per 54% of the
students took the exit questionnaire, not having enough examples and problem solving
in class, particularly conceptual examples and real-life applications was the strongest
factor among the other factors that make physics difficult subject, followed by the factor
of the lack of physics background (with 50% of the participants’ selection) and the third
factor in order is the factor of too much material to learn and not studying enough.

In discussing the results of the qualitative part of this study; the researcher reviewed
an exploratory descriptive study by Wong and Kowitlawakul (2020). Individual face-to-
face semi-structured interviews were carried out in the academic year 2018-2019. A
sample of 20 nursing students from a university in Singapore was recruited. Those
interviews were audio-recorded and then transcribed verbatim. Seven themes emerged
from the thematic analysis which was used to analyse the data. The themes were: “1)
essentials for nursing practices, 2) linking theory to practice, 3) individual thought
process, 4) stimulating strategies, 5) classroom environment, 6) clinical environment, and
7) students' attributes” p. 104600. Nursing students considered clinical reasoning and
critical thinking as necessary for nursing practices and defined these skills as the skills of
connecting theory to practice. Students’ critical thinking and clinical reasoning were
found to be stimulated by Strategies like case-studies, simulation, guidance from clinical
instructors and physical clinical experiences. Barriers as per Wong and Kowitlawakul
(2020) to improving the critical thinking contained classroom settings, such as the
teaching approached and student-instructor ratios, and students' attributes toward
learning. Wong and Kowitlawakul stated that their findings provide points to be
considered to improve the recent nursing practices and education to support the nursing
students better in improving their clinical reasoning and critical thinking skills (Wong &
Kowitlawakul, 2020)

Students’ perceptions of pedagogies of the Physics laboratory have been
investigated by (Koenig et al., 2019) during a semester in 2018 where a study took place
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and on an exit questionnaire, completed by a sample of 400 out of 742 students; two thirds
of the participating students revealed that the lab course was enjoyable for them, while
one quarter of the sample was neutral about enjoying it. Regarding the collaborative group
work 85%liked that, and around two thirds found it valuable to get the chance to construct
their own experiments, then utilize Excel in generating and interpreting graphs, and
participate in SR to support a claim. On the other hand, the use of recommended skills of
determining uncertainties in calculations and measurements was appreciated by only one
third of the students. When asked about improvement, the main statement was more time
in the laboratory. The lab time was 2 hours weekly, and considering the exploratory nature
of the lab activities, students felt hurried to complete. Students also stated that they liked
the labs in which they were requested to design their own experiments (challenge labs),
such as the activity of designing the windmill blade system and they asked for more lab
sessions like this. In a study by Erlina and others (2018), Students showed positive
reaction to Evidence-Based Reasoning, that they admitted it facilitated for them being

engaged in SR in Physics learning.

4.3.3 Integrating Quantitative and Qualitative results.

El has been concluded by the researcher to enhance objectivity over subjectivity
and SR over intuitive reasoning: because students with the low N-gain were in the
transitional level of SR and they ended up in the higher transitional edge of SR, their
responses showed that they are looking at the general benefits of the EI approach related
to raising their reasoning on the long term, regardless of the difficulty they face at the
beginning of the laboratory or lectures sessions and regardless of the unguaranteed grades
(Objectivity in their opinions). Students with the medium N-gain were in the concrete
level and improved to be in the transitional level. But the answers of these students
focused more on the factor of completing the laboratory reports without missing data, and
also having the lecture first so they can imagine how the problems are to be resolved and
how the experiments to be conducted (Subjectivity in their opinion). This practice as
viewed by the researcher, does not improve the imagery as one of the students responded.
It actually provides the students with a ready maid imagery that they try to follow in their
practices during the course. Quantitatively it was found by Stephens and Clement (2010)
that there is a conjunction between scientific imagery and scientific creative reasoning,

also that the enhancement of CoV dimension is associated with the enhancement of
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Critical thinking. Critical thinking consequently improves the objectivity of the reasoner,
and critical thinking also associated with the scientific imagery (Stephens and Clement,
2010). So, is there a lag period between the progression in CoV and critical thinking? Or
critical thinking is affected as soon as the CoV experience a change? This may be

addressed in future studies.

Themes were proposed based on the collected responses of the interviewed students:
Teaching approach and engagement theme and that was clear quantitatively when the El
teaching approach resulted in higher COV than the traditional 1S approach. Problem-
solving activities’ theme at which it was proved by students’ perspectives and by previous
studies that problem-solving procedures has a commitment to the improvement of
students’ creative thinking aptitudes, and that was clear with the enhanced COV which
leads to progression in expert-like strategies in solving problems as been proven by
Burkholder and others (2020). Student’s anxiety and motivation theme, needs to be studied
in the future for its correlation with the growth of COV dimension. Students admitted
being tensed and not confident of submitting a good laboratory report if they did not
receive the theoretical instruction related to the expected outcomes at the end of the
experiments. The researcher is proposing a positive correlation between the motivating
situations or contexts, such as having submission deadlines and the work to be graded,
and the occurrence of optimum exploration by the students before the instruction take

place by the instructor.

4.4 Research limitations
The limitations of this study are due to limitations of the instruments, the sampling
technique used in each part (qualitative or quantitative), the period of the study and the

sample size.

SR test by Lawson which has been edited in 2003 is widely being used and proved
for its validity by majority of studies dealing with measuring the SR cognitive ability
(Lawson, 1978, 1990, Lawson & Worsnop 1992), but still the student is being tested in
the same questions post treatment, the thing that through a doubt of student’s memory
storing some answers and recall it when getting the same questions again. To reduce such
possibility, the order of choices for each question had been changed from pre- to post-

test and from one student to the other.
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Sampling limitation is due to the purposive sampling technique of the students taking
the test is reducing the generalizability of the test scores when compared to the random
sampling technique which was not feasible here due to the need for controlling
independent variables (prior knowledge (Prior Physics curriculum), course topics (current
Physics curriculum), etc.) to ensure the reliability of the results to the dependent variable
(the teaching style). Also, few students of the control group students in the two assigned
groups which is close to 150 was not being taught by the same instructor, due to the
system of the college that put a capacity limit of 30 students per lecture session and 15
students per Laboratory and tutorial session, thus setting limited load to each faculty
member, the thing that will lead to losing control of the instructor factor. So, a class
observation was done at the beginning of the semester to better accomplish consistency

of instruction style between the two participating instructors.

The population size had an effect in some statistical analysis tests needed to be done
in this study. The participant’s nationality impact on the SRA is one example. Some
nationalities had only 1, 2 or less than 10 participants, and for the ANOVA test more
sample size is needed to give a real result. The number of participants in each category
also is another example of insufficient sample size to perform comparison tests between

categories.

Limitations related to the qualitative part of this study are demonstrated by Flick
(2014) and include the following: the interpretation of the collected data is not having a
clear procedure, even though the coding technique is found to fit best. Also, the
generalizability of the concluded subjective theories in the qualitative part is not possible.
The email interview method has its own limitations of missing the body language
expressions, but in this study the body language does not reflect a lot compared to the

written points of views.

The Period of tracking of the SR development in this study was 4 months during
which 45 teaching hours of Physics took place with a rate of 3 hours/ week. Even though
there was a noticeable gain in SR Within one semester which was the case also in other
previous studies ((L. Bao et al., 2009), but following it for a longer period may reveal

more detailed results as per (Novia & Riandi, 2017).
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4.5 Implications and Research recommendations

45.1 Implications:

Results of this study, demonstrated in detail the impact of flipping
students’ timing of exploration and the instructor timing of instruction or
guidance during the real or virtual classroom on student’s SRA. These two
timings, until the moment | am writing these lines come in the order of,
instructor then the student. But before starting to instruct, and once starting a
new topic, class teachers should realize the importance of what students bring
with them in relation to the different stages of their intellectual development.
Add to this the importance of apprehending declarative knowledge of scientific
thinking. The importance of meaningful and active education lies in practicing
various forms of science, where students face challenges represented in having
buzzling problems or cases and then begin to participate in explaining their
contexts and testing hypotheses - and here some of their ideas may conflict
with the evidence and arguments presented by other students. All this is
preferred to happen during student’s timing, followed then by instructor
guidance. Even advocates of flips close to the one in this study, who have been
documented here by reviewing their studies such as (Fyfe et al., 2014, Daniel
L. Schwartz & John D. Bransford, 1998) couldn’t persuade most educators in
the Middle East region particularly and world wild in general, to shift from the
traditional teaching approach that starts with the teacher instruction. As per
Dancy & Henderson (2010), Promoting change in pedagogical practices is
difficult and poorly understood. It may be given according to Dancy &
Henderson a careful focus based on research, similar to the focus been given
while developing effective curriculum leading to effective pedagogies. One of
the reasons in the case of pedagogies promoting SR in general or COV in
particular may be the un-presented threshold of progression in CoV dimension
with simply stimulating the students’ minds and then starting the instruction,
and accordingly threshold occurrence of progression in expert-like strategies in
solving problems as proven by Burkholder and others (2020). That progression
was proven to start happening in this study with a simple flip in the timings of

instruction and student’ application, without big change in the instructing phase
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or the application phase of the traditional way of teaching, and without changes
in the learning resources. That resulted into progression in CoV, and for
stronger progression, more inquiry-based classes, problem-based activities, and

assessments may be added to the class and the curriculum.
The personal gains for the researcher in this study, were as follow:

First, she may confidently practice and disseminate Explore-instruct pedagogy
knowing its positive impact on COV regardless of the starting level of the student’s SR.
It seems that researsher shares this concern and personal gains with (Zelkowski &
Whitmire, 2018) “I (Author Zelkowski) saw a mindset shifting in (author Whitmire) in
that for productive beliefs to continue evolving in light of student resistance, she would
need to resist herself and find hard evidence of improving student outcomes. We share

this journey.” p. 1

The researcher can also determine the requirements or the design of a future
research to empower the results, conduct explore-instruct in a different population and
context and study the impact focusing on the other SR dimensions (other than COV). The
researcher can also target and study the progression of student objectivity, acquiring of
scientific knowledge and mastering of critical thinking, while teaching via explore-
instruct teaching approach putting in mind its relation to progression in COV.

4.5.2 Future Research
If results of this study are to be scaled with future studies to analyse the impact of
El approach in CoV particularly and other dimensions of SR in general, for longer
period of time, bigger sample size, and with much sample randomization, then the
magnitude and limits of effects will be clearly explored, strongly evidenced and can be
shared with education stakeholders, instructors, principles, educational coordinators,
and decision-makers, to inform new directions in STEM teaching pedagogies that has

major impact on human judgment, decision making and consequently critical thinking.

4.6 Conclusion
Countries all over the world are facing lots of challenges in all sectors, such as
pandemics in health sectors, climate change in environmental sector, economic collapse

in economic sector, etc. Those challenges are parallel in time to huge advances in
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technology, but that advance didn’t lead for solutions to the challenges. Only good human
thinking that depends on scientific moral reasoning, can face these challenges. This study
concluded that, all dimensions of SR can be uplifted by learning subjects that share
features of the subject of Physics, that was evidenced when using either of the two
approaches, the Explore-Instruct and the traditional Instruct-solve approaches, and it (SR
progression) happened in all levels of SR, but the concrete operational reasoners found to
benefit the most among the other level categories of reasoners, putting in mind the ceiling
effect of LCTSR. It was also evidenced that, at all levels of SRA, the explore-instruct
teaching approach significantly enhances the SR dimension of identification and control
of variables more than the traditional IS approach. Identification and control of variables
is an essential skill for raising human objectivity over subjectivity while judging and
making decisions. The Control-of-Variables Strategy (CVS) is considered a trademark
within the improvement of SR (Schwichow et al., 2020). It maintains that educational
experiments have to be controlled and contrastive. Earlier prove recommends that CVS

is associated with acquiring the scientific content knowledge (Schwichow et al., 2020).

Students’ perspectives of the tried EI approach, showed resistance from some
students who were concrete reasoners before the interventions, but they were the most
among the other levels of the reasoners to benefit from the EI approach and shift
cognitively to the transitional level of SR. If these results are to be shared with education
researchers and education stakeholders, instructors, principles, coordinators, and
decision-makers it would inform new directions in STEM teaching pedagogies that has

major impact on human judgment, decision making and consequently critical thinking.
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APPENDIX II. : LCTSR

CLASSROOM TEST OF

SCIENTIFIC REASONING

Multiple Choice Version

Directions to Students:

This is a test of your ability to apply aspects of scientific and mathematical reasoning to
analyze a situation to make a prediction or solve a probem. Make a dark mark on the
answer sheet for the best answer for each item. [f you do not fully understand what is
being asked in an item, please ask the test administrator for clarification.

DO NOT OPEN THIS BOOKLET UNTIL YOU ARE TOLD TO DO SO

Revised Edition: August 2000 by Anton E. Lawson, Arizona State University. Based o Lawson, AE 1878, Development and
validation of the classroom test of formal reasoning. Jounal of Research in Science Teaching, 15(1)k 11-24.
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Suppose you are given two clay balls of equal size and shape. The two clay
balls also weigh the same. One ball is flattened into a pancake-shaped piece.

Which of these statements is correct?

a.  The pancake-shaped piece weighs more than the ball

b.  The two pieces still weigh the same

c. The ball weighs more than the pancake-shaped piece

because

the flattened piece covers a larger area.
the ball pushes down more on one spot.

clay has not been added or taken away.
when something is flattened it gains
weight.

Penow

To the right are drawings of two cylinders filled
to the same level with water. The cylinders
are identical in size and shape.

Also shown at the right are two marbles, one
glass and one steel. The marbles are the
same size but the steel one is much heavier
than the glass one.

When the glass marble is put into Cylinder 1 it
sinks to the bottom and the water level rises to
the 6th mark. If we put the steel marble into
Cylinder 2, the water will rise

a.  tothe same level as it did in Cylinder 1
b.  toahigher level than it did in Cylinder 1
C. to a lower level than it did in Cylinder 1

when something is flattened it loses weight.

because

a. the steel marble will sink faster.

b. the marbles are made of different materials.

C. the steel marble is heavier than the glass marble.
d. the glass marble creates less pressure.

e. the marbles are the same size.
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To the right are drawings of a wide and a
narrow cylinder. The cylinders have equally
spaced marks on them. Water is poured into
the wide cylinder up to the 4th mark (see A).
This water rises to the 6th mark when poured  ,__ L=
into the narrow cylinder (see B). i

Both cylinders are emptied (not shown) and
water is poured into the wide cylinder up to the
6th mark. How high would this water rise if it
were poured into the empty narrow cylinder?

B
a. to about 8

b. to about 9

£, to about 10

d. to about 12

e.  none of these answers is correct

because

a.  the answer can not be determined with the information given.
b.  itwentup 2 more before, so it will go up 2 more again.

C. it goes up 3 in the narrow for every 2 in the wide.

d.  the second cylinder is narrower.

e one must actually pour the water and observe to find out.

Water is now poured into the narrow cylinder (described in Item 5 above) up to
the 11th mark. How high would this water rise if it were poured into the empty
wide cylinder?

a. to about 7 1/2

b. to about 9

C. to about 8

d. to about 7 1/3

e. none of these answers is correct

because

a. the ratios must stay the same.

b. one must actually pour the water and observe to find out.
C. the answer can not be determined with the information given.
d. it was 2 less before so it will be 2 less again.

e. you subtract 2 from the wide for every 3 from the narrow.

(8]
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10.

At the right are drawings of three strings hanging from a bar. The three strings
have metal weights attached to their ends. String 1 and String 3 are the same

length. String 2 is shorter. A 10 unit weight is
attached to the end of String 1. A 10 unit
weight is also attached to the end of String 2.
A 5 unit weight is attached to the end of String
3. The strings (and attached weights) can be
swung back and forth and the time it takes fo
make a swing can be timed.

Suppose you want to find out whether the
length of the string has an effect on the time it
takes to swing back and forth. Which strings

would you use to find out?
i T
a.  only one string @
b.  allthree strings
C. 2and3
d. 1and3
e 1and2
because
a.  you must use the longest strings.
b.  you must compare strings with both light and heavy weights.
c.  onlythe lengths differ.
d. tomake all possible comparisons.
e the weights differ.

1

2

3

(

)
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11.

12.

Twenty fruit flies are placed in each of four glass tubes. The tubes are sealed.
Tubes | and Il are partially covered with black paper; Tubes IIl and IV are not
covered. The tubes are placed as shown. Then they are exposed to red light for
five minutes. The number of flies in the uncovered part of each tube is shown in

the drawing.

RED LIGHT

This experiment shows that flies respond to (respond means move to or away
fromy):

a.  red light but not gravity

b.  gravity but not red light

. both red light and gravity
d.  neither red light nor gravity
because

a. most flies are in the upper end of Tube I1l but spread about evenly in
Tube 1.

b. most flies did not go to the bottom of Tubes | and 11l

C. the flies need light to see and must fy against gravity.

d. the majority of flies are in the upper ends and in the lighted ends of the
tubes.

e some flies are in both ends of each tube.
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13.  Ina second experiment, a different kind of fly and blue light was used. The
results are shown in the drawing.

| BLUE LIGHT
Vo oy
t
iID
I
= -
bPotop by
BLUE LHGHT

These data show that these fiies respond to (respond means move to or away

a.  blue light but not gravity
b.  gravity but not biue light

c.  both blue light and gravity
d neither biue light nor gravity

14.  because

a.  some flies are in both ends of each tube.
the flies need light to see and must fly against gravity.

c.  theflies are spread about evenly in Tube IV and in the upper end of
Tube II.

d.  mostflies are in the lighted end of Tube Il but do not go down in Tubes |
and Il

e.  mostflies are in the upper end of Tube | and the lighted end of Tube II.

=2

15.  Six square pieces of wood are put into a cloth bag
and mixed about. The six pieces are identical in size
and shape, however, three pieces are red and three E E R
are yellow. Suppose someone reaches info the bag

(without looking) and pulls out one piece. What are v
the chances that the piece is red?

1 chance out of 6

1 chance out of 3

1 chance out of 2

1 chance out of 1

cannot be determined

Ta0 oW
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16.

17.

18.

because

3 out of 6 pieces are red.

there is no way to tell which piece will be picked.

only 1 piece of the 6 in the bag is picked.

all 6 pieces are identical in size and shape.

only 1 red piece can be picked out of the 3 red pieces.

Taen oW

Three red square pieces of wood, four yellow square pieces, and five blue
square pieces are put into a cloth bag. Four red round pieces, two yellow round
pieces, and three blue round pieces are also put into the bag. All the pieces are
then mixed about. Suppose someone reaches into the bag (without looking and
without feeling for a particular shape piece) and pulls out one piece.

[8] [5] [5] OEOE
00,

What are the chances that the piece is a red round or blue round piece?

a. cannot be determined

b. 1 chance outof 3

c.  1chanceoutof21

d. 15chances out of 21

e.  1chance outof 2

because

a. 1ofthe 2 shapes is round.

b.  150fthe 21 pieces are red or blue.

¢ thereis no way to tell which piece will be picked.
d. only 1ofthe 21 pieces is picked out of the bag.
e.  1ofevery 3 pieces is ared or blue round piece.
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19.

20.

Farmer Brown was observing the mice that live in his field. He discovered that all
of them were either fat or thin. Also, all of them had either black tails or white
tails. This made him wonder if there might be a link between the size of the mice
and the color of their tails. So he captured all of the mice in one part of his field
and observed them. Below are the mice that he captured.

Do you think there is a link between the size of the mice and the color of their
tails?

a.  appearstobe a link
b.  appears not to be a link
¢ cannot make a reasonable guess

because

a. there are some of each kind of mouse.

b. there may be a genetic link between mouse size and tail color.

(3 there were not enough mice captured.

d. most of the fat mice have black tails while most of the thin mice have white

tails.
e. as the mice grew fatter, their tails became darker.
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21.

22,

The figure below at the left shows a drinking glass and a burning birthday candle
stuck in a small piece of clay standing in a pan of water. When the glass is
turned upside down, put over the candle, and placed in the water, the candle
quickly goes out and water rushes up into the glass (as shown at the right).

This observation raises an interesting question: Why does the water rush up into
the glass?

Here is a possible explanation. The flame converts oxygen into carbon dioxide.
Because oxygen does not dissolve rapidly into water but carbon dioxide does,
the newly formed carbon dioxide dissolves rapidly into the water, lowering the air
pressure inside the glass.

Suppose you have the materials mentioned above plus some matches and some
dry ice (dry ice is frozen carbon dioxide). Using some or all of the materials, how
could you test this possible explanation?

a. Saturate the water with carbon dioxide and redo the experiment noting the
amount of water rise.

b. The water rises because oxygen is consumed, so redo the experiment in
exactly the same way to show water rise due to oxygen loss.

¢ Conduct a controlled experiment varying only the number of candles to see if
that makes a difference.

d. Suction is responsible for the water rise, so put a balloon over the top of an
open-ended cylinder and place the cylinder over the burning candle.

e. Redo the experiment, but make sure it is controlled by holding all independent
variables constant; then measure the amount of water rise.

What result of your test (mentioned in #21 above) would show that your
explanation is probably wrong?

The water rises the same as it did before.
The water rises less than it did before.
The balloon expands out.

The balloon is sucked in.

anocw
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23.

24.

A student put a drop of blood on a microscope slide and then looked at the blood
under a microscope. As you can see in the diagram below, the magnified red
blood cells look like little round balls. After adding a few drops of salt water to the
drop of blood, the student noticed that the cells appeared to become smaller.

®) O
OOO :96}4]
O o v @

Magnified Red Blood Cells After Adding Salt Water

This observation raises an interesting question: Why do the red blood cells
appear smaller?

Here are two possible explanations: 1. Salt ions (Na+ and CL) push on the cell
membranes and make the cells appear smaller. 1. Water molecules are
attracted to the salt ions so the water molecules move out of the cells and leave
the cells smaller.

To test these explanations, the student used some salt water, a very accurate
weighing device, and some water-filled plastic bags, and assumed the plastic
behaves just like red-blood-cell membranes. The experiment involved carefully
weighing a water-filled bag, placing it in a salt solution for ten minutes and then
reweighing the bag.

What resulf of the experiment would best show that explanation | is probably
wrong?

a. the bag loses weight
b. the bag weighs the same
c. the bag appears smaller

What result of the experiment would best show that explanation Il is probably
wrong?

a. the bag loses weight
b. the bag weighs the same
c. the bag appears smaller
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APPENDIX I11. : ORNEK AND OTHERS (2008) FACTORS OF PHYSICS

DIFFICULTY

Student-Controlled Faclors

Corrse-Controlled Factors

% of Students

Lack of motivation and interest

Not studying more

Not reading the textbook

Not completing CHIP assignment

Not doing practice many problems

% of Smudents

Too much work

Hard CHIP homework

Lack of consistency between the
lab/tutonial /lecture and homework

Textbooks, lectures, CHIP homework
questions are too complicated

Working only assigned problems

Tutorial sections are not useful

Not doing homework

Lack of previous experience

Lack of physics background

Lack of higher level mathematics

Not enough examples, real life applications,
and problem solving especially concepual
questions in class

Being so picky on grading

Hard questions on the exams and were
not refated 1o what solved in the class

Poor professors

Poor TAs

Factors Related to the Nalure of Physics

% of Students

Physics is cumulative. If you miss one concept,
itis hard to grasp the next one

Physics is very difficult subject

There is too much material to learn

Physics is very abstract

Physics requires good mathematics

Physics has too much theory

Physics has too many formulas to be learned

Physics has too many laws and rules

Physics is not interesting enough

Physics cannot be learned without
mathematics background
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APPENDIX IV. THE STANDARD APPLIED TO ELEMENTS OF
REASONING TO DEVELOP INTELLECTUAL TRAITS.

The Miniature Guide to Critical Thinking Concepts and Tools 21

Critical thinkers routinely apply the intellectual standards to the
elements of reasoning in order to develop intellectual traits.

THE STANDARDS

Clarity Precision

Accuracy Significance

Relevance Completeness Must be
Logicalness Fairness applied to
Breadth Depth

Purposes Inferences
Questions Concepts
As we learn Points of view  Implications
to develop Information Assumptions

Intellectual Humility  Intellectual Perseverance
Intellectual Autonomy Confidence in Reason
Intellectual Integrity  Intellectual Empathy
Intellectual Courage Fairmindedness

© 2006 Foundation for Critical Thinking www.criticalthinking.org

APPENDIX V. FEATURES OF SR CURRICULA FRAMEWORK
ESTABLISHED BY (Koenig et al., 2019, P.29)
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Instructor

Scaffolding
Deliberate skills-
Gulding set of based practice in
operationally defined hypothetical and Socratic
SR sub-skills inquiry-based lab Dislogue
settings

Development
of SR skills
across the
course through
repeated,
progressive
learning cycles

\

N

Formative and
summative
assessments for
each SR sub-skill

A
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APPENDIX VI: FRAMEWORK FOR LAB CURRICULUM FOR COV

Framework for designing lab curriculum that targets abilities in control of variables (COV),

COV skill domains

Planning controlled
experiments

Identifying controlied
experiments

Interpreting controlled
experiments

Understanding
indeterminacy
of confounded
experiments

Learning outcomes (COV subskills)

‘ Design a controlled experiment with 2 variables. (Low)
. Design a controlled experiment with 3 variables. (Low)

Design a controlled experiment to determine if a variable is influential when it is testable based on
conditions in the provided scenario. (Intermediate)

' Decide if a variable is testable when it is, in fact, testable based on conditions in the provided
scenario. (Low)

Decide if several variables are testable when some are infiuential and hidden relations exist in the
provided scenario, (High)

Decide If several variables are influential when some are influential and hidden relations exist in the
provided scenario. (High)

Given experimental results, interpret evidence to determine if a variable is influential when it'is, in

fact, testable and influential in the provided scenario. (Intermediate)

Use control of variables to determine if sufficient conditions exist in causal relations. { High)
Given experimental results, decide if several variables are testable when they are not testable based

on conditions in the provided scenario. (Intermediate)

Retrieved from : (Koenig et al., 2019. p. 30)

APPENDIX VI. HIGH SCHOOL STREAM OF PARTICIPATING

STUDENTS
High School Curriculum Frequency Percent
Unknown 26 Unknown 26 26 %
%
Private High 24 American 6 5.0%
Schools %
British 4 4.0 %
Public High 50  Science 58 57.4 %
Schools %
° An 4 4.0 %
Institutes of Applied 3 3%
technology
Total 101 100.0
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APPENDIX VII. IELTS AND EQUIVALENT TOEFL SCORES

TOEIC TOEFL TOEFL TOEFL IELTS

Paper CBT IBT

0-310 0-30 0-8 0-1
0-250

310-343 ||33-60 9-18 1-1.5

347 -393 ||63-90 19-29 2-25
255-400

397 -433 ||93-120 30-40 3-3.5

437 -473 ||123-150 [47-52 4
405 -600

477 -510 ([1583-180 ||53-64 45-5

513-547 ||183-210 ||65-78 55-6
605 - 780

550 -587 ([213-240 |[79-95 65-7
785-900 ([590-637 (|243-270 ||96-110 ||[7.5-8
8905-990 ||640-677 ||273-300 |[111-120 (|B5-9
Top Score | Top Score || Top Score || Top Score || Top Score ||
9390 877 300 120 9

Retrieved from https://sites.google.com/site/b3fink4urself/Home/ielts-score
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APPENDIX VIII. STRUCTURE OF THE COGNITIVE PROCESS’ DIMENSION OF
THE REVISED TAXONOMY by (Krathwohl, 2002, p. 215).

1.0 Remember — Retrieving relevant knowledge from
long-term memory.

1.1 Recognizing

1.2 Recalling

2.0 Understand — Determining the meaning of instructional
messages, including oral, written, and graphic
communication.

2.1 Interpreting

2.2 Exemplifying

2.3 Classifying

2.4 Summarizing

2.5 Inferring

2.6 Comparing

2.7 Explaining

3.0 Apply — Carrying out or using a procedure in a given
situation.

3.1 Executing

3.2 Implementing

4.0 Analyse — Breaking material into its constituent parts
and detecting how the parts relate to one another and

to an overall structure or purpose.

4.1 Differentiating

4.2 Organizing

4.3 Attributing

5.0 Evaluate — Making judgments based on criteria and
standards.

5.1 Checking

5.2 Critiquing

6.0 Create — Putting elements together to form a novel,
coherent whole or make an original product.

6.1 Generating

6.2 Planning

6.3 Producing
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APPENDIX IX.

Summary of Recommended Accommodations for English Learners From Abedi

and Ewers (2013)

Accommodation Risk Access
Traditional glossary with Spanish translations (content-related
terms removed)
Traditional glossary with Spanish translations and extra time
(content-related terms removed)
Customized dictionary/glossary in English (content-related terms Yes
removed)
Customized dictionary in English (content-related terms removed) Yes
and extra time
Computer-based test Yes
Pop-up glossary (computer-based test; content-related terms Yes
excluded)
Modified (simplified English) Yes
Extra time within the testing day (not combined with another Yes
accommodation)
Read-aloud of test directions in student’s native language Minor
Picture dictionary (alone; combined with oral reading of test items Minor
in English; and combined with bilingual glossary)
Bilingual dictionary Minor
Test break Minor Yes
Test in a familiar environment with other English language learners Minor
Small group setting Minor Yes
Read-aloud of test questions (math, science, history/social science) Minor Yes
to student by teacher or electronic media
Spanish translation of test Moderate
Dual-language translation of test Moderate
Read-aloud of test questions (English language arts) to student by High
teacher or electronic media
Commercial dictionary/glossary in English High
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APPENDIX X. Representation of Interactive Engagement Teaching Approach in
Khalifa University-UAE. (Hitt et al., 2014, p.12)

Task Flowchart Timeline Task Features

TUTORIAL

1. Queue topic dejor misconception(s)

2. Heavyindividual coaching on related representation
3. Team debate to reach consensus (deliverable)

Tutorijal 25 min. EXPERIMENTAL PROBLEM

L
¢

Pre-testing & 1. Concrete question, no solution procedure given
tool training r_}_ 2, Team debate w/moderate coaching to propose measurement
Experimental : procedure
1&5 hours Probl 60-90 min. 3, Kinesthetic experience of a simple system well-described by the
(x2 weeks) Al representation introduced by TUTORIAL
I 4, Measurement techniques, error considerations
Context-Rich 5. Team debate to reach consensus on an evidence-based answer
CWP Sessions Problem 90-60 min. (deliverable)
3hours =4 T CONTEXT-RICH PROBLEM
(x12 weeks) 1. Abstraction of concepts now introduced concretely

2. Migration of representation used in solving a simple, concrete

i

ek Team problem Lo solving a context-rich problem (which are realistic, i.e.
Post testing Deli bl ill-posed, under-defined, open-ended, etc.)
1 hour eliverables 3. Team debates to reach consensus solution (deliverable)

DELIVERABLES {1 ea. per team representing consensus)
1. 1completed tutorial worksheet

2. 1page-onlysolution to experimental problem

3. 1page-only solution to context-rich problem

8
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