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Abstract

The purpose of this study was to explore grade eight students’ views in terms of different scientific
reasoning progress levels. To explore students’ views, phenomenographic study was used. The
qualitative analysis of students’ interviews elicited three major themes of students’ views about
scientific reasoning progress levels: naive, mixed, and scientific, along with the underlying ways of
reasoning patterns. It was revealed that students think that scientific knowledge is static, fixed,
universal, certain, and unchangeable. It is recommended that a need to consider an inquiry-based
teaching in combination with the contextualized approach of nature of science in school science
curriculum and classroom instruction to promote students’' scientific views on the nature of
science and higher scientific reasoning abilities.
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INTRODUCTION

One of the core skills of the 21st century and goals of
science education is considered to be developing
students’ scientific reasoning (Dole, Bloom, & Kowalske,
2016; Fischer et al., 2014) along with proper views about
scientific knowledge (Billingsley & Fraser, 2018;
Fernandes, Rodrigues, & Ferreira, 2018). Scientific
reasoning helps students to gain domain-specific
knowledge, long-term academic achievement, cognitive
ability, decision-making ability, and everyday problem-
solving skills (Andersen & Garcia-Mila, 2017; Bao et al.,
2009; Van der Graaf, Van de Sande, Gijsel & Segers,
2019). Some researchers argue that the societies that can
survive in the midst of currently increasing and
uncertain challenges are those who are equipped with
disciplinary knowledge, understand science as a social
enterprise, think critically and creatively, and evaluate
and critique information with valid evidence (Hill, 2008;
Kind & Osborne, 2017). These days, this leads nations,
educators, and researchers to focus on how scientific
knowledge is constructed, how scientific reasoning skills
are developed, and what is the nature of scientific
knowledge (Ding, 2018; Kind & Osborne, 2017; NRC,
2011; Osborne, Rafanelli, & Kind, 2018).

An important aim of education globally and for sub-
Saharan African countries in particular, is to produce
citizens who can participate in ensuring sustainable
development and poverty reduction (Bilican, Cakiroglu,
& Oztekin; Josh & Verspoor, 2013). As most sub-Saharan
African countries intend to attain a middle-income
economy, they need a qualified workforce who is trained
scientifically with the skills of the 21st century. The
workforce who can retain such complex tasks
sustainably is those who can understand key scientific
concepts, can think critically and reasonably at higher
levels, and understand modern views of the nature of
science (Bilican et al., 2015).

It was reported that students develop an appropriate
understanding of the nature of science and higher
scientific reasoning ability when they are engaged in
complex cognitive tasks such as evidence-based
argumentation (Kuhn & Dean, 2005), promoting
inquisitive learning strategy (Harlen, 2013), employing
higher ability learning and assessments (Opitz et al,,
2017), and employing evidence-driven tools (Corcoran,
Mosher & Rogat, 2009). This suggests that when students
are engaged in such complex tasks they develop higher
thinking ability and view that scientific knowledge is to
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Contribution to the literature

e There is a need to explore students’ views of scientific knowledge in low-income nations such as

Ethiopia.

e Exploring students’ view of nature of science enables one how to choose and decide what classroom
instruction, teaching methods, and materials is appropriate to enhance students’ learning and promote

students’ scientific view.

e This study explored that students demonstrated three views (naive, mixed and scientific) towards
different levels of scientific reasoning progression and it was found that most students think that
scientific knowledge is static, fixed, universal, certain, and unchangeable.

be constructed tentatively instead of attempting to recall
and remember what is written in textbooks as it appears.

However, there is a wrong assumption among
students that science is a collection of unproblematic
information and facts about the world (Driver, Newton,
& Osborne, 2000; Ozdemir, 2007). Most students struggle
to catch the ‘right answer” instead of arguing to attain the
best alternatives. As it is observed in most sub-Saharan
African countries classrooms, teachers evaluate
students’ responses based on the answer given in
textbooks; once students are able to get the expected
answer by guessing or any other means then the issue
will be settled before having further discussions and
explanations (Teshome, 2017; Verspoor, 2008). It is also
well-known that the science curriculum traditionally
gives emphasis to the content of scientific knowledge
such as facts, theories, laws, and generalizations (Alemu,
Kind, Tadesse, Atnafu, & Michael, 2017; Bilican et al.,
2015). These both hinder the development of higher-
level reasoning and renders learners to focus on lower
levels learning ability like remembering and
memorizing and to view scientific knowledge as mere
information to be grasped. Hence, students are
struggling to catch the current scientific understanding
that leads to high-level reasoning (Josh & Verspoor;
2013). There is, hence, a need to shift from an emphasis
on the lower level of knowledge and the lower order
cognitive abilities to the higher cognitive abilities by
exploring students’ pattern of reasoning and introducing
proper teaching methods and assessment procedures for
science education. One of the possible ways of
promoting higher-order learning, such as scientific
reasoning, is to engage learners in evidence-based and
higher-level reasoning activities by assessing their
patterns of reasoning, ways of reasoning, and their views
on scientific knowledge (Kinyota, 2020; Osborne, 2013).

One of the long-standing educational problems is
assessing the level of or ability to do scientific reasoning
and exploring the ways students view scientific
knowledge. These have been problems since science
commenced as a school subject and science educators
divided the science curriculum into the scientific method
and science knowledge (Dunbar & Klar, 2012; Kind &
Osborne, 2017; Lederman, 2007). Students, it was
claimed, should not just learn concepts and theories
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scientists used to explain the world but also the method
(Dunbar & Klar, 2012). In the science curriculum, the two
contrasting models, science as a body of knowledge and
science as a practice dominated for centuries (Kind,
2013). These models have limitations in that they do not
recognize the impact of cultural value and the contextual
factors of how students think and reason (Meyer, X., &
Crawford, 2011). Since the second half of the 20t
century, however, the understanding of scientific
reasoning has changed substantially, with a major
impact on science education (Dunbar & Klar, 2012; Kind,
2013). Science, it is claimed, is a social activity based on
argumentation and discourse among scientists to decide
what concepts and theories best fit the natural world.
Scientific reasoning, accordingly, is a mix of following
standardized procedures (as a process), using socially
established epistemic criteria (understanding nature of
science), and building on established scientific
knowledge (as a product); all in a context of debate and
discourse (Driver, Newton, & Osborne, 2000; Ford, 2015;
Osborne, 2013). This development makes it necessary to
rethink how we teach scientific reasoning and the way
how scientific knowledge is constructed in science
education, and also how it is assessed. Following the
change in the focus and approach towards science
education, countries started to incorporate scientific
reasoning and argumentation, and nature of science in
their standards and devise the assessment of such skills
by developing standardized tools (Akerson & Donnelly,
2010; NRC, 2011). Consequently, there is a global shift
towards students learning skills and literacy.

While scientific reasoning, along with how to develop
and view scientific knowledge, is one of the skills
focused globally and for sub-Saharan African countries,
the effort is still in progress globally and very limited in
low-income nations such as sub-Saharan African
countries (Altinok et al., 2018; Bloem, 2013; Verspoor,
2008). As a result, there is a growing interest globally to
assess the students’ abilities of scientific reasoning in
low-income nations. But the work done so far is either
still limited or not addressed at all in primary schools of
sub-Saharan African countries” (Creswell, Shwantner, &
Waters, 2015, Kambeyo, 2017). Most sub-Saharan
African countries included skills of scientific reasoning
in their curriculum, yet the students” ability of such skills
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and the way they view scientific knowledge was not
explored and assessed properly (Josh & Versoor, 2013;
Kambeyo, 2017; Verspoor, 2008).

The education and training policy in Ethiopia
demands focus on problem-solving and student-centred
teaching to improve the quality of education and tackle
the outdated teacher-centred approach by implementing
various programs (Teshome, 2017; TGE 1994). However,
all the efforts made so far were not considering evidence-
based students’ learning progression, exploring
students’ ways of reasoning and views towards scientific
knowledge, and evidence-based tools that tell how
students’” conceptual understanding and reasoning
develops (Abate, Michael, & Angell, 2020). The
objectives are solely meant to cover a wide range of
contents, facts, solving procedural problems,
demanding responses without detailed explanations
and evidence (Josh & Verspoor, 2013; Teshome, 2017)
and this leads to arrive at mnon-evidence-based
conclusions. It was revealed by Abate et al. (2020) that
there is students’ tendency to memorize concepts more
than trying to construct a deeper conceptual
understanding and engaging themselves in evidence-
based activities. Abate et al. (2020) have also found that
there is poor students’ ability towards high-level
reasoning such as evidence evaluation and drawing
scientific conclusions suggesting a need for further
studies to explore students” ways of reasoning and views
towards scientific knowledge. This suggests that there is
aneed to explore students” ways of reasoning in relation
to the three forms of scientific knowledge.

Scientific reasoning has been considered as a
problem-solving skill and a process that involves three
forms of scientific knowledge: content, procedural, and
epistemic (Kind & Osborne, 2017). It was suggested that
classroom instructions and assessment development
procedures need to address the three forms of scientific
knowledge, learning progression and evidence-based
approaches (Corcoran et al., 2009; Kennedy & Wilson,
2007; Kind & Osborne, 2017). Students’ scientific
knowledge and reasoning abilities need to progress from
low to high levels based on the currently discovered
scientific knowledge and understandings that consider
the three forms of scientific knowledge (Ford & Wargo,
2012; Kind, 2013; McNeill & Krajcik, 2011; Osborne,
Rafanelli, & Kind, 2018).

Abate et al. (2020) assessed students’ reasoning
abilities, identifying four levels of scientific reasoning
progression that included the three forms of scientific
knowledge and taking into account learning progression
from low level (factual knowledge) to high level
scientific knowledge (drawing conclusion). The first
level (factual knowledge) and second level (providing
explanation) were designed in a way to assess content
knowledge, level three (generating evidence) was
developed to assess students’” procedural knowledge
and the fourth level (drawing conclusion) was to address

students” epistemic knowledge. Scientific reasoning,
here, was considered as a skill that involves students’
providing claim and explanation, and generating valid
evidence for the claim and explanation, and arriving at
evidence based-conclusion. This study, therefore, aimed
exploring students” views in relation to each level of the
scientific reasoning progression and underlying patterns
of reasoning.

Therefore, this study attempted to answer the
research questions: How do Grade 8 students depict
their views towards different scientific reasoning
progression levels? And how do the students’ views are
related to the different levels of scientific reasoning
progression?

METHODS

Phenomenographic Approach

Phenomenography is a research approach for
examining different perspectives on reality; it refers to a
method for describing the various ways in which a
group of people perceives a phenomenon (Larsson &
Holmstrom, 2007, Marton, 1981). Some considered
phenomenographic study as a strategy of inquiry in
which the researcher identifies the essence of human
experiences, conceptualizations, perceptions, and
understanding about a phenomenon as described by
participants (Creswell, 2013; Marton, 1986). The goal of
phenomenography, according to Marton (1981), is to
investigate the differences in people's perceptions of a
given phenomenon in the surrounding environment,
and the investigation is based on the variation in
people's approaches to understanding the phenomenon
rather than the phenomenon itself.

The goal of this study was to investigate the students’
views in relation to the four levels of scientific reasoning.
Phenomenographic study was used to investigate the
students’ patterns of reasoning and underlined views.
The use of phenomenography in this research is due to
the insights of the phenomenographic approach that
allows one to examine the variations of views
participants hold about a phenomenon, an idea, and
conceptualizations of an object of study (Ayene, Kriek, &
Damtie, 2011; Marton, 1986). 1t is, therefore, an effective
method to investigate the views of students against
different levels of progression of scientific reasoning and
to identify how the views of the students are linked to
the different levels of scientific reasoning.

Sampling

Purposive and random samplings were used to select
the participating schools and students. Six schools were
selected by stratified random sampling which allowed
the researchers to include schools in different locations
randomly from within Hadiyya zone of the Southern
Nations and Nationalities Regional State, Ethiopia. The
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reason for selecting this research site was one of the
researchers visited many schools in the Hadiyya Zone
when tutoring college students. From the answers of the
students to the questions of their teachers, it was noted
that students had problems related to scientific
reasoning, and their responses represented non-
scientific views. In addition to this, two of the
researchers were participated in a research project
Transforming Pedagogy of STEM Subjects (TPSS) that
was engaged in improving the pedagogy of STEM
subjects in Ethiopia (Tadesse, Kind, Alemu, Atnafu, &
Michael, 2017). Hadiyya Zone was one of the sites of the
research project and it was found by the project that
students have poor reasoning ability and conceptual
understanding. This inspired the researchers to study
the reasoning levels and related views of the students.
For the interview, 12 students were selected by
purposive sampling where the purpose was previous
achievement that helped members from varying
achievement levels which includes high, medium, and
low achieving students. Marton and Booth (1997)
recommended sample size between ten to twelve people
for phenomenographic study. The number of students
was limited to 12 because the needed data was saturated
(redundancy of information was recorded) by this
number.

Tools and Validation

In this study interview was used to explore students’
view and underlined reasoning patterns in physics that
guided the identification of students” views. To obtain
information from the students, semi-structured
interview was conducted. Initially, five questions were
developed by the researchers. The tool was commented
on by two Ph.D. candidates in physics education at
Addis Ababa University and one more question was
included in the final tool by the suggestion of one of the
Ph.D. candidates. The candidates were selected for this
task because each candidate had more than ten years of
experience in teaching physics at different levels (from
high school to pre-service teachers), and took assessment
and scientific reasoning courses. Finally, six guiding
questions were developed to identify the themes and
explore the students’” views and reasoning patterns in
physics. The interview questions were developed to
obtain information about students” views and ways of
reasoning in terms of reasoning progression levels such
as factual knowledge, providing an explanation,
generating evidence, and drawing a conclusion.
Interviews were conducted in primary schools’
pedagogical centers (that are relatively free of
distractions) to give students a sense of freedom and
privacy, allowing them to freely answer the questions.
One of the researchers conducted the interview by first
requesting consent and the interview was audio
recorded. Each student’s interview took between 10 to 30
minutes to complete the recordings. It took just 10
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minutes (shortest time) for one of the interviewees
(Student 3) to complete the interview and Student 1 took
about 30 minutes to complete the interview by
presenting a variety of examples of physics concepts to
explain his answers.

The data were also validated by the two Ph.D.
candidates and six primary school physics teachers. The
teachers were selected from the schools involved in this
study based on the years of experience teaching physics
subject at primary schools. The teachers were requested
to match the findings to the students” ability of scientific
reasoning and views about scientific knowledge.

Data Analysis

Phenomenography allows one to identify variation of
peoples’ perspectives about a construct based on their
responses. In this study, Phenomenographic study
enabled the researchers to identify different students’
views in relation to various scientific reasoning
progression levels with the help of their responses. The
ways how to grade eight students depict their views and
underlined reasoning patterns in physics were
investigated using semi-structured interviews for the
established four scientific reasoning progression levels:
factual knowledge, providing an explanation, evidence
generation, and drawing conclusions. Two coding cycles
were used in this study. In the first cycle, in vivo coding
was used to relate the students’ expressions, phrases,
and terms associated with their views about each level
of the construct scientific reasoning (Saldana, 2013).
Axial coding was used in the second cycle to identify
different views related to each level of scientific
reasoning. Based on the nature and characteristics of the
responses, three views were identified.

RESULTS

Analysis of interview transcripts provided insights
about the nature of grade eight students’ scientific
reasoning abilities and views. In addition to carefully
listening to the audio of the interview, we thoroughly
and repeatedly read the interview transcripts. Then,
repeated terms, examples, expressions, and phrases that
are related to the nature of scientific reasoning across
various levels were coded from the transcribed text for
each level of students’ reasoning. In the first cycle of
coding essential utterances that depict the nature and
characteristics of students’ reasoning abilities were
identified. Then in the subsequent coding stages, these
views of students’ reasoning were condensed, and
eventually, resulted in three major themes relevant to
students’ scientific reasoning experiences. The two Ph.D.
candidates, from the Department of Science and
Mathematics Education at Addis Ababa University,
participated in auditing the interview transcripts. For the
sake of validity, this study quotes verbatim taken from
the students’ utterances of the interview transcripts.
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Table 1. A matching matrix of themes relating views and
reasoning levels

Views
Mixed

Reasoning Levels

Naive Scientific

Factual

Providing explanation
Seeking for evidences
Drawing conclusion

Moreover, interpretations of utterances of grade eight
students” scientific reasoning experiences will be
provided.

As discussed above, analysis of grade eight students’
interview transcripts resulted in three main themes
regarding their level of scientific reasoning. These three
main themes are naive, mixed, and scientific views. The
interview transcripts were coded using in vivo coding
during the first cycle of coding (Saldana, 2013). Then, the
second cycle of coding of students’ interview transcripts
deployed axial coding to develop and to gather the in
vivo coding results into themes. When student utterance
was considered as experiential and intuitive, the
utterance is coded under the theme naive views. For
example, utterances such as facts are truth, facts are
absolute, 9.8m/s? is truth value, etc. were categorized as
naive views. When a student utterance was aligned or
matched with the accepted scientific views, the utterance
is labeled as scientific views. From students’ responses,
one can see that there are scientific views about the
progression levels such as facts in the textbook are
important to construct scientific knowledge, evidence for the
presence of gravity is falling objects, etc. Such a view about
scientific knowledge is termed a scientific view. When
student utterance mixed intuitive and accepted scientific
views, the utterance is interpreted as mixed views.
Students’ responses such as physics facts correctly
represent a natural phenomenon, velocity represents how a
fast a body moves... shown mixed students’” views about
physics knowledge. Mixed views amalgamate scientific
views with naive views. Often, students, who possess
mixed views, combined naive theories with scientific
theories.

To sum up, naive views stand for students’ reasoning
based on the non-scientific, intuitive, irrelevant, and
incorrect responses; mixed views refer to students’
reasoning based on the students” mixed up responses of
intuitive practices with scientific knowledge; scientific
views refer to students’ reasoning that agrees with
scientific knowledge and theories.

Based on the responses of students’ three themes,
naive, mixed, and scientific view, emerged in three level
of reasoning namely explanation of factual knowledge,
evidence-based reasoning, and drawing conclusion. Naive
and scientific views were apparently emerged for the
level of factual knowledge. In the next section, a detailed
description of students’ interview with the help of
excerpts is presented and the results are presented as a
matching matrix of themes relating views and reasoning
levels depicted in Table 1.

Factual Knowledge

Some students viewed physics facts, theories, and
laws as the laws of nature itself. They thought that once
theories and laws are revealed, they will work forever.
Such students views were categorized under naive view.
In addition to this, students with naive views believed
that established physical theories and laws are
immutable. It seems that these students took scientific
knowledge as an absolute, and guided by an infallible
principle of nature. This conception of students created
difficulties in their attempt to generate scientific
knowledge. Students with naive views took scientific
knowledge as a representation of truth written on a
textbook or told by their teachers. Perhaps, students,
with naive views, may accept such knowledge claims
based on authority. Students are not skeptical of their
teachers and textbooks. Furthermore, in the naive views
category, students focused on recalling facts and rote
memory rather than providing explanations about
physical phenomena and relations between concepts of
physics. That is, students in the naive views category
focused on understanding the product of science, i.e.,
factual knowledge not on understanding the processes
of science that produced the factual knowledge. On the
other hand, students, who possess scientific views,
thought that the collection of various facts are the basis
to build knowledge. Facts or a combination of facts is
required to develop a particular understanding. Facts
are the beginning of understanding physics in a new
way. Hence, acquiring facts is not the goal of learning
physics. Facts are conditional expressions of physical
quantities and physical phenomenon. Students, with
scientific views, believe that scientific facts and physics
theories need to be considered as interconnected. Table
2 presents two excerpts that are taken from students
interviews.

Respondent 1 in Table 2 is under the scientific view
category. Students” with scientific views believed that

Table 2. Excerpts taken from students interviews about factual knowledge

Excerpts taken from students interviews Codes
Physics deals with physical quantities which are defined and represented by simple facts. I believe the facts, Scientific
concepts, and formulae in the text books are important to understand natural phenomenon but we need to check for views

its relevance. (Student 1)

I believe physics facts are absolute truth. .......for example g = 9.8 m/s? is truth value to be grasped. (Student 3)

Naive Views
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Table 3. Excerpts taken from students’ interviews about explanation of factual knowledge

Excerpts taken from students interviews Codes
Physics, for me, is a subject which tells about the phenomenon which occurs in our surroundings. It gives Scientific
description for things we observe and practice in daily basis. For example, when we take the concept velocity I can views

understand its meaning with the distance covered from starting to end point in a specific direction by measuring

time it takes to cover the path length. (Student 1)

After I learn Newton's second law of motion I understand why a moving body comes to rest. I now understand that Mixed Views
if there is no force there is no motion. Object move from one place to another because they posses force within them.

(Student 11)

One needs to give meanings for a physical phenomenon based on understanding of how the constituent elements of Naive Views
that phenomenon work. Unless one discovers and understands how things are aligned naturally, he can’t give
correct relationship between them and the explanation doesn’t work anymore. (Student 4)

facts are mere expressions to represent the physically
occurring phenomenon. This seems a proper view of
scientific facts. This view can be progressed when
students develop the abilities to engage in discussions by
using scientific facts to explain their claim. These
students think in advance considering facts as a
cornerstone for constructing and discovering up-to-date
knowledge, and higher reasoning level.

The response of student 3 is an exemplar of naive
views. Students, with naive views, believe that scientific
facts are truth. According to such students’ beliefs, facts
are concepts, laws, and theories discovered by physicists
to be grasped. Once knowledge is discovered by
someone it works forever, according to some students.
That is, for his students, a teacher tries to help them catch
that revelation, and the responsibility of the students is
trying to catch that truth. Such views seem to be an
obstacle for students’” high-level reasoning and
knowledge constructions. In addition to this, stduentd
with naive think that facts are the end product of physics
knowing. Such views might hinder students from
developing higher reasoning abilities. The response of
Student 3 (see Table 2), as well as the responses of the
other students, indicates that learning physics entails
comprehending what is written in textbooks or what
teachers tell them. According to this view, following the
teacher’s note and re-reading what is written in a
textbook 1is sufficient. As a consequence of such
perspectives, students could focus less on reasons and
more on inferring meaning from their thoughts and
feelings.

Providing Explanation

The interview of grade eight students indicated that
five out of twelve students had a naive view about this
level of reasoning. Students who had naive views
believed that the law of physics is the law of nature. They
think that physics laws, theories, and principles are
infallible. For such students, providing explanations is
discovering naturally aligned working principles for
various things in common. The excerpts of Student 4 (see
Table 3), which was given below, reflected such
perspectives. Based on this naive view, the working
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principles of various discoveries are something that has
already been existed but hidden because of lack of
knowledge. This view about physics knowledge can’t be
expected to produce scientific reasoning. It was
construed from the students’ responses that students
tend to make use of science concepts to establish prior
belief without catching the very meaning of the concept.
They were not ready to accept scientific conceptions
against prior knowledge in the beginning.

Students’ responses revealed that four out of twelve
students believed that learning physics concepts have
nothing to do with their day-to-day activities. However,
after the physics concept is introduced, they tend to
create meanings from what they see, touch, and do
regularly. As far as the concepts are not provided in
terms of concrete and tangible things, they remain
meaningless expressions in their minds. Even if students
at this level are willing to construct their mental theory
about nature, they struggled to construct it. They
struggled to relate physics concepts with day to day
activities or they try to relate physics concepts with day
to day experiences wrongly. Excerpts of Students 11,
which showed a mixed view, is given above. The
Student 11 response seemed to be a mixed view about
scientific concepts with daily experiences based on a
wrong understanding of physics knowledge. Such
students’ view and way of explanation is not expected to
produce scientific reasoning because they incorrectly
interpreted the law of physics in the first place.

Scientific views for explanation of factual knowledge
were observed in 3/12 students’ reasoning. After
students having an understanding of facts to some
extent, they tend to relate different physics concepts to
explain a physical phenomenon. Using facts as a basic
element to construct knowledge, they start to give
meanings to physical quantities. This was explained by
Student 1 as shown above. This indicates that the student
is trying to understand the concept of velocity by
relating the concepts of distance, time, and direction. The
concept of velocity for him is abstract until he creates a
relationship between the physical quantities distance,
speed, and time with direction. This way of explaining
concepts leads students to help in promoting higher-
level understanding and reasoning.
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Table 4. Excerpts taken from students interviews of evidence based reasoning

Excerpts taken from students interviews Codes
Evidence is required because we can’t be sure whether a claim is correct unless we have proper evidence. Therefore, Scientific
we need to check whether a claim works or not before accepting or rejecting. Even the physics concepts, laws and views
theories are man-made, theoretical and subject to change and modifications. (Student 1)

One needs evidence to understand scientific knowledge in a better way. The sources of evidences are teachers, Mixed Views

experienced persons and natural phenomenon. Evidences can be generated from individuals who have better
knowledge and understanding in physics. The evidence for the presence of gravity is falling objects. The evidence
for the presence of magnetic force is repulsion and attraction of magnetic materials. (Student 2)

Evidence is needed to be generated from physics laws and also from practical demonstrations. We need evidences to

Naive Views

understand the law of nature. Scientists have already discovered the laws of nature but as a student I need
evidences to arrive on the knowledge discovered by scientists. The importance of generating evidence is not to
accept or reject the findings of physics but it is only to improve my understanding about physics laws and theories.

(Student 2)

It is not required to prove or disprove what has already been discovered by scientists. The concepts are already
tested and proven to be true by scientists. The findings or theories are to be accepted and learnt to use them in our
daily life. Evidences are not required to reject or accept scientific findings. Evidences are only for the sake of
understanding what has already been proved by scientists. (Student 6)

Seeking Evidence

Most students (8/12) views about evidence tend to
maintain the prior beliefs or to arrive on the knowledge
of the law of nature assuming the law of nature is to be
manifested. (See excerpts of Student 2 provided in Table
4). For such students, physics knowledge is infallible
truth already proved by scientists. They thought that the
law of physics is the same as the law of nature. Based on
this belief the only thing required from students is trying
to catch what has already been discovered. This also
indicates that the importance of evidence is only to
establish and apply the knowledge which was
discovered by scientists in practical aspects and to arrive
at unchangeable knowledge. A sample of stduent
response was provided which strengthen such view
about evidence. (See excerpts of Student 6 provided in
Table 4).

Students (2/12) have also shown the tendency to
generate evidence for claims by relating day to day
experiences with physics laws. They believed that
evidence is required to construct knowledge. Any
observations, = experiences, demonstrations, and
examples are considered valid evidence to support a
claim. They are also convinced that the most accurate
evidence can be generated by experienced persons, good
teachers, and physical phenomenon. (See excerpts of
Student 2 for particular responses). This view indicates
that as far as evidence works for a particular situation it
could be considered as valid. Students” seemed to be
heavily dependent on external bodies and practical
demonstrations to generate evidence. Students believed
the significance of evidence but there is no clear view
about scientific evidence. This way of viewing evidence
implies that there is a challenge in identifying valid and
invalid evidence.

It was found from the responses that when students
are able to explain ideas, there are trends of trying to

generate evidence for their claims. At the explanation
level, students try to develop conceptual theories in their
minds about the relationship between physics concepts
and day to day activities. Students develop an interest in
verifying the temporarily created mental assumptions
using practical evidence. The evidence of students is
characterized by trying to put things into practice. There
were a few students (2/12) who thought that evidence is
required to construct new knowledge and also to accept
or reject a claim. They understood that scientific
knowledge is dynamic, ever-expanding, and subjected
to both modifications and changes. They knew that
science laws and theories are man-made and have
limitations. (See excerpts of Student 1 for such
explanations). Such students understood that scientific
evidence is required to accept, reject, modify, and
develop new knowledge. They also believed that there
are valid and invalid evidence based on the relevance to
support the claim.

Drawing Conclusion

Most students (9/12) believed that the law of physics
is the same as the law of nature. According to such
beliefs, there are no personal conclusions to be claimed
scientific. Conclusions for such students are to arrive on
an ever-working principle of nature for a given
phenomenon. They concluded that, if someone arrives at
a conclusion about a phenomenon based on valid
evidence, there would be no change for such a finding.
(See excerpts of Student 3 in Table 5 for such particular
responses).

According to such students’ beliefs, scientific
conclusions are reserved for scientists and for the ones
who uncovered the law of nature. The others’
responsibility is only attempting to catch what has been
revealed and use in life situations. One can construe
from this belief that scientific conclusions are the final
say about the working principle of nature. One can
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Table 5. Excerpts taken from students interviews of drawing conclusion

Excerpts taken from students interviews Codes
We can generalize based on the available evidence, we can reject or accept based on the experimental tests but we can’t  Scientific
arrive on a final and ever working conclusion. The understanding of physics concepts, theories, and laws are ever views
expanding and subject to modifications. (Student 1)

One can arrive at a conclusion based on the physics laws and theories. One can draw conclusion about a physical Mixed
phenomenon by relating physics knowledge. For example based on Newton's first law of motion trees out there are at Views

rest and will remain at rest for ever. They are always at rest unless someone moves them from where they are.
According to this law there are objects which never move for ever. (Student 5)

Scientists and philosophers draw conclusions after several trials and experiments. The laws and theories are accepted Naive Views
as truth only when they are proved and checked the alignment with the law of nature. But one can generate available
evidences to improve his knowledge before arriving on the conclusions scientists made. (Student 3)

construe from this that scientific conclusions about the
working principle of nature are final. Such students’
views might be affected by the abstract nature (if not able
to contextualize) of the subject. Most of the students’
conclusions were also characterized by superstition, and
they were not drawn based on scientific evidence.
Students might need the concepts to be practically
demonstrated, experimented with, and related with day-
to-day activities to arrive at a valid conclusion.

Some students (2/12) believed that conclusions are
based on the experiences they observe from the
environment. They attempted to draw a conclusion by
mixing-up scientific theory with day-to-day activities.
When students are asked to relate about a physical
phenomenon based on the physics laws and theories,
they give wrong generalizations. Such students claim
that they draw a conclusion based on scientific
knowledge but there exist contradictions with the
scientific findings (See Table 5 for the excerpts of Student
5 for such particular reflections). From the response of
Student 5, one can construe that the student struggled to
draw a scientific conclusion. The reason for this could be
the lack of correct scientific understanding of the concept
of relativity. It seems that he used the law of physics to
arrive at a wrong conclusion. It suggests that a lack of
detailed knowledge about physics laws and theories
might leads students to relate scientific knowledge with
day-to-day practices to arrive at a wrong assumption,
prediction, and conclusion.

A student claimed that one can arrive at currently
working conclusions based on the evidence, discussions,
and arguments. For such students, scientific knowledge
can be modified, rejected, and accepted depending on
the quality of evidence. Such students believed that no
one is exempted from making mistakes; there is no
absolute reality, and every finding should pass a test of
time before application and taken as scientific
knowledge. (See excerpts of Student 1 for such particular
reflections). Even if they were a few in number some
students believed that based on the valid and reliable
evidence one can arrive at a tentative conclusion and
they also understood that there is no ever working
scientific knowledge.
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Analysis of students” interview transcripts resulted in
further elaborations about grade eight students” views of
nature and character of scientific reasoning. In the above
section, a description of students’ reasoning across the
four levels of reasoning was provided. In what follows,
a summary of the analysis of interview questions is
given (see Table 6).

To sum up, findings from the overall students’
interview revealed that the level of students’ scientific
reasoning was dominated by factual reasoning and their
views were also dominated by naive theories. Most
students mentioned their conception of facts, laws, and
theories in physics. Their discourse was dominated by
ideas such as Physics facts are true, universal, and certain;
explanations are universal; physics ideas, concepts, laws, and
theories are the source of absolute evidence; and there is
true/absolute conclusion. Such responses revealed that the
majority of students assumed scientific knowledge as
static, fixed, universal, certain, and unchangeable.
Beliefs such as scientific knowledge is unchangeable
truth might push students’ science learning towards
recalling of physical laws and rote memorization of facts.
Student interviews provide insight into the nature and
characteristics of students’ scientific reasoning. The next
section will present overall discussion about the results
of students’ interview.

DISCUSSIONS

The study explored scientific reasoning ability levels
and views towards different levels of scientific reasoning
progression of grade eight students. In the previous
section, data was analyzed qualitatively using
phenomenographic approach. In this section, the result
of the study is discussed vis-a-vis literature.

From this study, it was found that most high
achieving students hold scientific views when compared
to the low achieving ones in the previous grades. As an
exemplar the student with the highest score in the
previous grades (Student 1) hold scientific views
towards all the four levels of scientific reasoning
progression, and the lowest achiever (Student 3)
reflected naive views for three levels of scientific
reasoning progression. This indicates that the students’
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Table 6. Summary of students” interview

Reasoning Sample transcripts Descriptions
pattern
Naive ...9.8m/s?is truth value... (student 3) v Physics facts are truth, universal, and certain
F = ma is law of nature discovered by scientists (student 5) v There is universal explanation
...... physics laws and theories are true evidence (student 9) v Physics ideas, concepts, laws and theories are
...... findings are revealed truth (conclusion) (student 11) the source of absolute evidence
v There is true/absolute conclusion (conclusion)
Mixed ... velocity represents how fast a body moves (student 6) v' Mixed understanding about physics concepts
The sources of evidences are teachers, experienced v" Unable to differentiate between speed and
persons and natural phenomenon... (student 7) velocity
....based on Newton’s first law of motion trees out there v’ unable to identify valid and invalid evidences
are at rest and will remain at rest for ever. (conclusion) v" Unable to draw scientific conclusion
(student 5)
Scientific ...100 km represents a distance... (student 8) v Facts are foundations to construct new

Velocity......is the distance covered from starting to end

point in a specific direction.... (student 12)

...evidence for the presence of gravity is falling objects

(student 1)

....F = ma can be improved (conclusion) (student 1)

knowledge.

v" Provide an explanation of variable
relationship...

v" Evidences can be generated from physics
concepts, laws and theories

v' Understand tentative nature of conclusion

reasoning levels and views are affected by the prior
academic achievements. That is, students with better
prior knowledge and higher achievement levels are
better in scientific reasoning and hold scientific views
towards different levels of scientific reasoning.
However, there are variations in this result among
previous research findings. Some studies found that
greater exposure to inquiry-based instruction, which is
expected to promote students’ scientific views, is
associated with lower students’ science achievement
(OECD, 2016; Sjoberg, 2018; Zhao, 2017). Furthermore,
Stadermann and Goedhart (2020) have found that
students’ achievement levels did not prohibit them to
hold a scientific view; students with low ability levels
were found to hold scientific views about physics
concepts.

In the following section the result will be discussed
further in terms of students’ naive, mixed and scientific
views with reference to the four levels of reasoning
progression: factual, providing explanation, generating
evidence, and drawing conclusion.

Naive Views

It was found that students viewed physics facts,
concepts, laws, and theories discovered by physicists are
to be recalled and remembered. They thought that once
knowledge is discovered by someone it works forever.
Such a view tends to be simplistic view of scientific
knowledge. This is also consistent with research findings
in which students think that scientific knowledge is
objective and universal (Das et al., 2019; Hansson &
Leden, 2016; Lederman et al., 2013). This could be related
to students’ naive views about the nature of science. For
such students, scientific knowledge and the law of
nature are the same. Students with such views of

scientific knowledge might compel to develop naive
reasoning (Das et al., 2019; Lederman et al., 2013).

There was also a tendency to seek a flawless
explanation. They think that providing an explanation is
discovering naturally aligned working principles for
various things in common instead of viewing scientific
explanation as a construction of human mind with
evidence. This thinking could also stem from the
students’ naive views of the nature of science. This is also
consistent with the research finding that showed
students try to construct universal scientific knowledge
by assuming there is only a single method, and the way
of constructing scientific knowledge is more procedural
than creative (Hansson & Leden, 2016). This indicates
that they don’t understand that scientific knowledge can
be constructed using various ways and it is tentative in
nature.

For some students, a conclusion is to arrive on an
ever-working principle of nature for a specific
phenomenon. They believed that, if someone comes to a
conclusion about a phenomenon based on evidence,
there would be no change in such findings. Such views
are related to the conception of the existence of universal
and constant knowledge which is the product of the
unchangeable nature of physics concepts, theories, and
laws (Hansson & Leden, 2016; Niaz, 2017).

Therefore, from the result of this study along with the
research findings, one can infer that students’ reasoning
ability and views towards scientific knowledge can be
affected by authorities such as seniors’ opinions and
textbooks. This finding is in line with Solomon (2008) as
he found that the Ethiopian culture at home and in
school cultivated a child to accept the order of his
supervisors without asking questions. Solomon has
found that the culture expects a child to pursue the way
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his masters show; to accept his teachers taught. Though
these practices currently do not seem to be commonly
practiced in Ethiopia, deep-rooted religious practices
and leaders, as well as beliefs in “holy” books, are
common in most Ethiopian cultures (Demssie, Biemans,
Wesselink, & Mulder, 2020), and these have an impact
on modern Ethiopian pedagogy (Shishigu, 2015), which
may influence children’s beliefs. In such a culture,
seniors are considered to be always right. Such
conditions could affect the way how students construct
scientific knowledge and develop their thinking. This is
because children enter into classroom instruction with
pre-existing naive views they derive from their everyday
experiences around their surroundings (Croker &
Buchanan, 2011).

According to the traditional Ethiopian culture,
challenging the elders’ thoughts, ideas, and ways of
thinking is considered to be disrespectful to the culture,
whereas shyness and silence are believed to be a sign of
a good character. Students expect someone to impart
knowledge rather than construct by making meaning
and exercise to develop reasoning at a higher level by
their efforts which is similar to a finding explored five
decades ago about Ethiopian students’ reasoning
(Woodward, 1968). According to Woodward (1968) most
Ethiopian students persist to maintain unscientific
views. This is also in agreement with literature which
insists that children construct mental theories to
understand the world starting from early ages, but these
theories need to be revised and evaluated when they
grow from middle childhood to adolescence by
engaging in an evidence-based dialogical discourse
(Kuhn & Dean, 2005). Different studies also indicate that
students’ reasoning can be affected by prior domain-
specific knowledge and contextual knowledge
(Andersen & Garcia-Mila, 2017; Van der Graaf, Van de
Sande, Gijsel, & Segers, 2019). Students face difficulty in
accepting scientific findings when the observations do
not mach with their prior belief (Chinn & Malhotra,
2002).

Students” naive reasoning is also a well-established
occurrence in science education. There are theoretical
and empirical evidences that suggest that students come
into classes with various inconsistent conceptions to
scientific knowledge. Theoretically, it was confirmed
that students come into class with various inconsistent
conceptions about science (Croker & Buchanan, 2011;
Schauble, 1996). Some considered this naive view as a
common-sense belief about physics based on the daily
experiences (Bertamini, Spooner, & Hecht, 2004) and it is
described as the way of thinking commonly shared by
most people instead of thinking scientifically. Others
considered this as irrelevant, incomplete, and
meaningless responses (Ford & Wargo, 2012). Some
others relate students’ naive reasoning as students’ belief
that physics is difficult to understand, abstract, and
imaginary (Verspoor, 2008). Such students’ view was
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found to be one factor that can affect students’ scientific
knowledge construction and higher-level reasoning
(Croker & Buchanan, 2011; Verspoor, 2008).

According to Hammer and Elby (2003), one of the
most hindrances for students’ scientific knowledge
construction and high-level reasoning is considering
students’ naive conception about physics as fixed, stable,
and context general. They suggested that students’ naive
conception about physics need to be considered as
productive  epistemological resources and an
opportunity to help students construct new knowledge
and higher-level reasoning by using effective
instructions. This suggests that it is paramount to respect
what students hold in their mind before formal
instruction is introduced. This could create an
opportunity for students to construct scientific
knowledge and develop higher-level reasoning without
unnecessary struggle and effort.

One of the probable reasons for the students to hold
naive views and facing the difficulties of relating
scientific concepts to day-to-day experiences is found to
be the focus of science education that gives emphasis for
the body of knowledge undermining how scientific
knowledge develops (Bilican et al., 2015). Following
these assumptions curriculum frameworks, curricular
materials, and classroom instructions are designed in a
way that compels students to learn more concepts than
in-depth learning and how scientific knowledge is
constructed. Even if the Ethiopian curriculum
framework encourages higher-order learning and
assessments, the classroom instructions and assessments
are dominated by lower-order knowledge and
assessment (Josh & Verspoor, 2013; Teshome, 2017).

Mixed Views

It was also found that students attempt to construct
scientific knowledge by relating with day-to-day
experiences without catching scientifically accepted
knowledge. They tend to make use of scientific concepts
to establish prior belief without catching the very
meaning of the concept. This is consistent with research
findings in that students try to give meaning to physics
concepts unscientifically based on the experiences they
face on day-to-day experiences (Esanu & Hatu, 2015).
The reason could be that students tend to memorize
facts, formulae, and problem-solving procedures,
instead of trying to construct deep understanding (Elby,
1999) which stem from naive beliefs about the nature of
physics and students’ persistence to maintain
unscientific beliefs (Chinn & Malhotra, 2002;
Woodward, 1968), and lack of depth understanding of
the concept (Harlen, 2013). They were not ready to
accept scientific conceptions against prior knowledge at
the very beginning of the introduction of physics
concepts. Sometimes students fail to establish the
scientific conceptualizations because they construct
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knowledge focusing on pursuing good grades which is
also in agreement with the literature (Elby, 1999; Josh &
Verspoor, 2103). The results also indicate that students
were struggling in translating what they have learned
into meaningful conceptualizations. The result implies
that the majority of grade eight students have a limited
understanding of how scientific knowledge is
constructed which is consistent with literature which
reveals that most k-8 students” have faced such difficulty
(Carey & Smith, 1993). This could be one of the reasons
that students faced difficulty in generating evidence-
based reasoning (Corcoran et al., 2009).

As found from the students’ responses one of the
challenges with generating evidence was the tendency to
use mixed (partially correct) evidence. Students were
generating evidence from day-to-day experiences to
accept or reject someone’s claim. They were trying to
generate evidence for explanations from examples they
observe in the environment around them, but the
evidence was not scientifically accepted. However, one
can help students generate evidence, accept or reject a
claim by providing physics concepts in a way that
students can touch, feel, and demonstrate, and practice
based on their environment (Erlina et al., 2018) which
was found to be one of the missing elements of the
schools’ science.

Previous studies found that the form of instructions
and assessment techniques are the primary ones that
impede the development of evidence-based reasoning
and the conclusion of learners. The simple way of
questioning and answering techniques, without asking
for more explanations, dominated by middle school
science may lead to unscientific views and low-level
reasoning. School assessments are exam-oriented and
targeted at either passing or failing students and simply
checking factual memory. Chinn and Malhota (2002)
questioned overly simplistic forms of inquiry as an
obstacle to promote higher reasoning abilities.
Furthermore, most instructions are not designed in a
way to promote higher learning abilities but incorporate
a simplistic form of inquiry; assessments are also exam-
oriented and meant to measure merely factual
understanding (Anderman et al., 2012). Most classroom
teaching methods concentrate on helping students pass
regional exams rather than offering activities that enable
students to participate in evidence-based activities
(Anderman et al., 2012; Chinn & Malhota, 2002; Josh &
Verspoor, 2013).

Studies also revealed that one of the challenges that
hinder the development of students” reasoning abilities
is the nature of instruction and activities provided for the
students. One of the recommended remedies to overcome
such problems is introducing dialogical teaching in a
way that allows students to talk to each other
meaningfully, provide evidence and justify their
evidence along with evidence-based assessment

mechanisms (Alemu, Tadesse, Michael, & Atnafu, 2019;
Tadesse et al., 2017) that has to be formative by nature.

Scientific Views

It was a hard time for most of the students to think
and view that physics facts, concepts, laws, and theories
are dynamic, tentative, flexible, and has elements of
human imaginations and assumptions. However, it was
also found that a few students think scientific knowledge
as dynamic, constructed by the human mind, flexible,
subjected to modifications, and change. The result
suggests that there’s a requirement to provide physics
facts, concepts, laws, and theories that supported the
day-after-day practices for the students appropriately
with the support of evidence and scientific reasons to
boost scientific views and a high ability level of scientific
reasoning.

Research studies also revealed that students can learn
physics more successfully when classroom instructions
are designed based on context-sensitive resources and
when students understand physics knowledge as a
system of ideas to be developed progressively by re-
constructing and refining current understanding instead
of thinking of physics knowledge as a coherent system
to be acquired from external sources such as teachers,
texts and scientists (Hammer & Elby, 2003; von
Aufschnaiter & Rogge, 2010).

CONCLUSIONS

It was found from the students’ interviews that the
students had demonstrated three different views,
namely naive view, mixed view, and scientific view for each
of the three-level of scientific reasoning, namely
providing explanation, seeking evidence, and drawing
conclusion. For the level of factual knowledge only naive
and scientific views were emerged. The results from the
qualitative analysis of students’ interviews revealed that
the majority of students had shown naive views across
the four levels of reasoning. Moreover, as the complexity
of the levels of scientific reasoning increases (say from
factual knowledge to drawing conclusion), the naivety of
students’ views also increases. Most (9/12) of the
students had shown naive views for the fourth level of
scientific reasoning (drawing conclusion), while four out
of twelve students were naive for the first level of
scientific reasoning (factual knowledge). All in all, naive
view is the dominant view of students” understanding of
the nature of science.

It was revealed from this study that many students
think that scientific knowledge is static, fixed, universal,
certain, and unchangeable. These students perceived
physics as mere facts, concepts, laws, and theories to be
grasped instead of thinking and realizing physics as a
culture of practicing and exercising activities to
construct tentative knowledge. It was also found that
there is students” preference to memorize more concepts
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than trying to construct a meaning for the concepts.
Scientific knowledge is considered by these students as
an unchangeable truth to be remembered and grasped.
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the study, and agreed with the results and conclusions.
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