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Abstract

Scientific reasoning plays a fundamental role in high school science education, as it enables students to develop
the cognitive skills necessary for understanding and analyzing scientific phenomena. In disciplines such as Physics,
fostering this type of reasoning is essential for effective teaching and learning processes. This study aimed to assess
the scientific reasoning levels of high school students in the central zone of Zapopan at the University of Guadalajara.
To achieve this, the Scientific Reasoning Test in the Classroom was administered to a sample of 351 second-semester
students from the afternoon shift across six high schools affiliated with the institution. The findings revealed no
significant differences (p = 0.667, p < 0.05) in scientific reasoning levels among 336 students, indicating a
predominant reliance on empirical-inductive reasoning. These results underscore the need to integrate classroom
strategies and activities that cultivate combinatorial and correlational thinking, as well as the ability to control
variables, to promote higher levels of scientific reasoning.

Keywords: Scientific reasoning, high school students, empirical-inductive reasoning, teaching-learning,
cognitive skills, control of variables, combinatorial thinking

Introduction

The interest in studying scientific reasoning in high school students arises from the
concerning results observed in standardized tests such as PISA or PLANEA, which reveal
insufficient development levels in this cognitive process [1]. Given that the high school stage
encompasses key adolescent ages (14-18 years), scientific reasoning becomes crucial for
maturational development. This type of reasoning involves an abstract thinking activity [2]. This
essential skill allows students to conceptualize or understand intangible ideas and situations [3],
such as the physical phenomena addressed in the Physics Learning Unit (PLU) curriculum.

Furthermore, the interest in diagnosing scientific reasoning is justified because this process
is fundamental to the development of intelligence [3-46]. During adolescence, scientific reasoning
is crucial for achieving equilibrium in the formal thought stage, where young people must be able
to make deductions, draw conclusions, and formulate hypotheses without relying on direct
observation [4]. This implies that, in formal thought, students can work with concepts they have
not directly experienced [5].

The above suggests that in physics education, fostering meaningful learning among students
would be more effective if the development of formal thinking characteristics were promoted
beforehand. In this way, students could understand complex phenomena, such as electromagnetic
interactions, without direct experimentation, as formal thinking, nurtured by the metacognitive
system [6], enables reflection on one’s thoughts and behaviors. To achieve this level of
understanding, it is essential to engage students from the outset in activities that stimulate their
formal and metacognitive thinking.

It is also essential to consider the context in learning development and scientific reasoning.
Environmental factors can either facilitate or hinder the learning process. For example, some
studies have shown that individuals from disadvantaged backgrounds tend to achieve lower results
on intelligence and academic performance tests compared to their peers without these
disadvantages [7]. Differences in cognitive development between these social groups are often
more pronounced than differences in physical health [8].
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However, given the diversity of schools included in this study’s sample, only a general
overview of the students and schools within the High School Education System (SEMS) is
considered. For instance, it was observed that classes are taught in both morning and afternoon
shifts and that a significant portion of the student population comes from households earning
between two and five minimum wages.

Additionally, the graduate profile of SEMS high schools emphasizes the importance of
fostering essential skills and competencies for students’ holistic growth [9]. Among these, logical-
mathematical reasoning and scientific thinking stand out, as they not only contribute to problem-
solving but also to a deeper understanding of the world [10]. These competencies enable high
school graduates to tackle challenges systematically and structuredly, identifying patterns,
formulating hypotheses, and rigorously evaluating evidence [11].

Nevertheless, while the influence of context on the study’s results is acknowledged, the
primary focus of this research is not on the contextual variable. This is due to the inherent
limitations of the quantitative methodology employed, which does not allow for an in-depth
exploration of environmental particularities. Thus, although context may influence reasoning
processes, this study focuses on analyzing these processes from a broader perspective, without
considering the specific contextual details of each student.

Therefore, this research aims to identify differences in scientific reasoning among high
schools within SEMS in the central zone of Zapopan, specifically in the following schools: 7, 8,
10, 15, 19, and 21. To achieve this, a diagnostic assessment was conducted using a scientific
reasoning test in the classroom. This instrument classifies reasoning into three main types:
empirical-inductive, transitional from empirical-inductive to hypothetical-deductive, and
hypothetical-deductive [12]. Based on this diagnosis, it was possible to evaluate and analyze
differences in students’ scientific reasoning across the selected high schools.

The research was conducted in two stages: the application of the scientific reasoning
instrument to students and the diagnostic evaluation of the results obtained. Subsequently, a
statistical analysis was performed to identify significant variations between the different schools.
The purpose of this analysis is to determine students’ levels of scientific reasoning and consider
these findings when designing teaching and learning strategies. In this way, the goal is to prioritize
the development of cognitive processes, such as scientific reasoning, rather than focusing solely
on the thematic content of the Physics Learning Unit.

This study provides insights into one of the potential causes of unsatisfactory performance
in standardized tests, such as PISA or PLANEA, by offering a diagnosis of students’ scientific
reasoning levels. This diagnosis enables teachers to adapt classroom activities, facilitating an
approach that progresses from reasoning based on concrete objects to the understanding of abstract
(verbal) representations of phenomena [13]. In other words, the aim is to guide students from a
reasoning stage that requires the physical visualization of phenomena to generate hypotheses or
conclusions, toward the development of more advanced formal thinking.

Physics, as part of a curricular axis that integrates different areas of knowledge, has a greater
impact on learning when it is based on an initial cognitive diagnosis of students. This allows for
an assessment of how the high school students’ context influences the design of teaching-learning
strategies that not only align with curricular plans and programs but also respond to the specific
needs of their environment.

In summary, a cognitive diagnosis of scientific reasoning helps identify the extent to which
these skills can be developed, thereby contributing to better learning acquisition. In this way,
cognition becomes the starting point and is complemented by thematic content to improve
educational quality.

General Objective:

1. To assess and compare the levels of scientific reasoning among high school students from
different schools within the High School Education System (SEMS) in the central zone of
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Zapopan, to identify patterns and differences that may inform the design of more effective
teaching-learning strategies in physics education

Specific Objectives:

1. To diagnose students’ scientific reasoning levels using a standardized assessment tool
that classifies reasoning into empirical-inductive, transitional, and hypothetical-deductive types.

2. To analyze statistical differences in scientific reasoning levels among students from High
Schools 7, 8, 10, 15, 19, and 21.

3. To provide insights that can support the design of pedagogical strategies aimed at
enhancing scientific reasoning skills, thereby improving students’ understanding of abstract
scientific concepts in physics.

Research questions

1. What are the predominant levels of scientific reasoning (empirical-inductive, transitional,
or hypothetical-deductive) among high school students in SEMS schools in Zapopan?

2. Are there statistically significant differences in scientific reasoning levels among students
from different schools within SEMS?

Materials and research methods

This study employs a quantitative methodology, in which data were collected using a
scientific reasoning assessment instrument administered to high school students (n = 351). The
primary initial assumption is that there are no significant variations in scientific reasoning among
students from the participating schools.

To conduct the research, permission was requested through the Coordination of High School
No. 7, which contacted the administrators of each involved school. These administrators, in turn,
directed us to their respective school coordinators to organize in-person visits for the instrument’s
application.

Assessment Instrument

The instrument used in this study is the Lawson Classroom Test of Scientific Reasoning,
which has been validated and translated into Spanish in Mexico by Dr. Genaro Zavala and the
Innovation and Research Group in Physics Education at the Technological Institute of Monterrey,
Campus Monterrey. This test has high reliability (Cronbach’s alpha of 0.78) and is designed for
use with high school and middle school students. It allows for the analysis of the following
categories:

1. Physical concepts

2. Proportions

3. Understanding of variables

4. Probability

5. Observation and hypothetical-deductive skills

These categories indicate the level of reasoning based on the skills demonstrated, as shown
in Table 1.
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Table 1 - Levels of reasoning evaluated by the items according to their thematic axis

Thematic Skills Items
Conservation ~ of  physical | The student applies the reasoning of | 1,2,3,4
quantities conservation of perceptible objects and their

properties
Proportionality thinking The student recognizes and interprets the | 5,6,7,8

relationships of figures by observable variables

Identification and control of | The student recognizes the need to consider all | 9, 10, 11, 12, 13, 14
variables possible causal variables and design an
experiment in which they control for all
variables except the one being investigated

Probabilistic thinking The student recognizes phenomena of a | 15, 16,17,18
probabilistic nature and evaluates the
probability that certain assumptions will
remain true in the design of an experiment

Combinatorial and Correlational | The  student  considers  experimental | 19, 20, 21, 22, 23, 24
Thinking combinations, although some are not realized
in nature, and despite random fluctuations, the
student recognizes causes or relationships of a
phenomenon under study

Note: It is important to note that some items have a transitory character towards other levels of thinking, as in
the case of items 11 to 14, where probabilistic thinking is included, and items 23 and 24, in which hypothetical-
deductive reasoning is reached.

Reasoning Levels Evaluated

This test aims to assess the following types of reasoning:

1. Empirical-inductive reasoning (0-4 pairs): Characterized by students’ difficulty in testing
hypotheses based on observable causal agents. While they may engage in mental experiments,
their thinking remains concrete, meaning they relate to tangible objects but struggle with abstract
or verbalized concepts.

2. Transitional reasoning between empirical-inductive and hypothetical-deductive (5-8
pairs): Concrete thinking is consolidated, but the validation of verbal hypotheses remains
inconsistent.

3. Hypothetical-deductive reasoning (9-11 pairs + two independent responses): Students can
test hypotheses based on both observed and unobserved phenomena. Their thinking is formal,
meaning they can formulate and test hypotheses.

The test consists of 24 multiple-choice items, organized into 11 pairs, where each pair is
designed to evaluate response consistency. A response is considered correct only if both items in
the pair are correct. Items 23 and 24 are independently assessed and do not require a pair to be
considered accurate.

Inclusion Criteria

To be eligible for participation, students had to meet the following criteria:

1. Be between 15 and 18 years old.

2. Be an active student at one of the SEMS high schools in central Zapopan (High Schools
7, 8,10, 15, 19, 21).

3. Be enrolled in the second semester.

4. Be from the afternoon shift of the 2023B academic calendar.

5. Have previously taken a physics course.

Exclusion Criteria

Students were excluded if they:

1. Did not complete the entire questionnaire.

2. We are repeating the Physics Learning Subject.
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Testing Conditions

The following conditions were observed during the instrument’s application:
1. Electronic devices were not allowed during the test.

2. Students were only allowed to use a pencil to answer.

3. The maximum duration of the test was 30 minutes.

Table 2 presents the sample of students from each high school.

Table 2 - Obtaining the proportional samples for the application of the instrument

High school Student population* | Number of students | Proportional share***
in the generation**
7 5373 985 106
8 3,309 551 61
10 4,696 782 68
15 3,401 566 68
19 2,736 456 38
21 436 72 10

Note: The number of samples is proportional to the number of students.

*The total student population took the 2022 Rectory General Statistical Report as a
reference, so the figures for 2023 may have changed.
**Erom the above, the number of students per generation was obtained by dividing the total
number of students by 6 to obtain an approximate value. **
***Taking into account the above, the proportional part would result in 10% of the
generation; however, some quantities could vary due to the actual sample obtained in situ.

Sample Considerations

The instrument evaluates three levels of reasoning:

1. Empirical-inductive reasoning

2. Transitional reasoning (empirical-inductive to hypothetical-deductive)

3. Hypothetical-deductive reasoning

Since the instrument was applied in six different schools, sample proportions varied,
deviating from a 10% representativeness relative to the general student population (see Table 2).
These variations resulted from fieldwork factors, such as fluctuations in student numbers, class
size, and attendance rates. However, these differences do not affect the statistical analysis, as a
non-parametric statistical test was used, which is appropriate for handling diverse sample sizes.

Results and its discussion

It is essential to note that the primary objective of this research was to assess the level of
scientific reasoning among students from various high schools in the central zone of Zapopan
within the SEMS. Specifically, this diagnosis focuses on students who have previously completed
the Physics | course and are regular second-semester students continuing with the Physics Il
course.

In addition to identifying the students’ overall level of scientific reasoning, this research also
aims to pinpoint thematic areas within physics that could be emphasized in courses to promote
cognitive development in scientific reasoning.

This section presents the results obtained through the application of the scientific reasoning
test in the classroom. These results were analyzed using a statistical variance test to determine
whether there is a significant difference supporting the stated hypothesis.

The diagnostic process began with the application of the Shapiro-Wilk normality test in
SPSS, which is used to determine whether a parametric or non-parametric statistical test should be
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performed. In this case, the test statistic value W (p = 0.000 < 0.05) indicated that the data do not
follow a normal distribution.

As a result, the Kruskal-Wallis test was chosen, as it does not require samples of the same
size to determine whether there are significant differences in the medians of these six independent
groups concerning the level of scientific reasoning achieved.

The assumptions considered for the diagnosis of scientific reasoning in the schools were as
follows:

1. Ho = There are no significant differences in the results of the scientific reasoning test in
the classroom among student groups from different high schools.

2. Hi = There are significant differences in the results of the scientific reasoning test in the
classroom among student groups from different high schools.

After analyzing the results, the null hypothesis was accepted (p = 0.667 > 0.05), suggesting
that there are no significant differences in scientific reasoning among student groups from different
schools.

However, in addition to comparing results between different schools, possible significant
differences within student groups in each school were also explored. To conduct this additional
analysis, the following assumptions were considered:

1. Ho = There are no significant differences in the results of the scientific reasoning test in
the classroom among student groups from different high schools.

2. Hi = There are significant differences in the results of the scientific reasoning test in the
classroom among student groups from different high schools.

The statistical analysis revealed that the alternative hypothesis was accepted (p = 0.020 <
0.05), indicating that at least one group significantly differs from the others in terms of scientific
reasoning level.

Since a significant difference among groups has been identified, it is essential to perform
post hoc tests to determine which specific groups differ from each other. These tests help to
understand better the nature of the observed differences and control Type I error, which can occur
in the p-value when comparing multiple samples. For this reason, the Bonferroni test was selected,
as it compares all samples and adjusts p-values according to the number of comparisons made,
which in this case involves six high schools, as shown in Table 3.

Table 3 - Bonferroni test for P-value adjustment

Level of reasoning Total
1 2
High School 7 Recount 103, 3a 106
Fixed residue ,87938 -,87938
8 Recount 58,00000, | 3,00000, | 61
Fixed residue -,27381 ,27381
10 Recount 62,00000, | 6,00000, | 68
Fixed residue -2,06595 2,06595
15 Recount 68,00000. | ,000004 68
Fixed residue 1,94040 -1,94040
19 Recount 37,00000, | 1,00000, | 38
Fixed residue ,52993 -,52993
21 Recount 8,00000, 2,00000, | 10
Fixed residue -2,49460 2,49460
Total Recount 336,00000 | 15,00000 | 351

Note: From the adjustment of the p-value, it is possible to identify that High Schools 10 and 21 have significant
differences compared to the others.
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According to the results of the Kruskal-Wallis test, no significant differences were found in
the levels of scientific reasoning among the student groups from high schools 7, 8, 10, 15, 19, and
21. This suggests that, in general, students from these schools do not exhibit significant variations
in their scientific reasoning abilities. However, a more detailed analysis of individual results within
each school revealed significant differences between some student groups and those of other high
schools. In particular, the post hoc test highlighted that High Schools 10 and 21 show significant
differences when compared to the other schools included in the study.

After examining the results, the next step was to interpret them to address the research
question. This analysis not only contributes to the field of physics but also offers relevant
considerations for teaching this course. By reviewing the items on the test that received the highest
and lowest number of correct answers, functional patterns were identified to adjust educational
strategies based on the students’ needs. Table 4 presents the total number of students who correctly
answered each item.

Table 4 - Frequency of correct reagents per plant

Thematic HS7 HS8 HS10 HS15 HS19 HS21
Conservation of physical | 48 45 52 40 29 4
quantities 27 22 20 10 10 4
Proportionality thinking 7 4 4 4 3 1

3 0 3 1 0 0
Identification and control of | 7 6 5 3 5 0
variables 3 3 2 4 1 1

7 5 1 2 1 1
Probabilistic thinking 8 10 10 8 2 0

7 1 3 8 3 1
Combinatorial and | 12 7 6 6 0 1
Correlational Thinking 5 3 3 8 0 2

35 18 17 18 17 4

39 24 25 28 17 2

Note: It is important to remember that the items are considered correct as long as they are even.

For example, if items 1 and 2 are both correct, then they are considered so. This does not
apply to the last two items, which are scored independently.

In Table 4, the frequency with which students from each school correctly answered the pairs
of items in the instrument, based on the topics addressed, is presented. This analysis revealed that
there is no normal distribution in the responses (p = 0.000 < 0.05), which led to the application of
the non-parametric Kruskal-Wallis test. One of the findings is that, for the first pair of items related
to the conservation of physical quantities, no significant differences were found between students
from the different schools (p = 0.000 < 0.05), contrary to the other items.

This suggests that students have developed reasoning that allows them to correctly apply the
concept of conservation to perceivable objects and their properties. For example, in the context of
high school physics, particularly in the topic of free fall, most students demonstrated an
understanding that when a ball is thrown from a certain height, it follows uniformly accelerated
linear motion due to the acceleration of gravity.

However, dDespite this understanding, there are other, more complex variables that students
did not adequately consider in their responses. For example, factors such as air resistance, the
proportional relationship between position and time, and the ball’s mass were not integrated into
their reasoning for a more precise answer.

Finally, in Graphs 1 and 2, it is noticeable that the majority of students (336) from the
evaluated high schools are at the empirical-inductive reasoning level (Level 1). This indicates that
students are unable to formulate and test hypotheses based on observable causal agents, but they
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can perform mental experiments. This reflects concrete thinking, where students relate directly to
specific objects and data but not to verbalized hypotheses or abstract concepts. An example of this
type of reasoning can be seen in problems involving uniform rectilinear motion. Here, a Level 1
student might correctly handle the basic variables of the exercise, such as time, distance, and speed,
because they are dealing with specific data and direct observations of a moving object. However,
due to the nature of their thinking, it is common for these students to overlook or fail to consider
more abstract or complex aspects, such as unit conversions or variations in speed.

Scientific Reasoning Levels
Cientifico
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Deswviacidn estandar = ,203
N =351
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Figure 1 - Level of scientific reasoning achieved by the entire sample of students
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Figure 2 - The levels of scientific reasoning achieved by school

Conclusion

In this research, conducted in high schools of the University of Guadalajara's central zone in
Zapopan, it was observed that most students evaluated through the classroom scientific reasoning
test are at the empirical-inductive reasoning level, characterized by concrete thinking. This means
that students can perform mental experiments and work with specific objects. However, they face
difficulties when testing their hypotheses, as these are often based solely on observable causal
factors.

For example, in solving uniform rectilinear motion problems, students can demonstrate
strong skills when working with concrete and essential data, such as the variables of speed, time,

X Jlocmyxamedos amvinoazel Amvipay yHusepcumeminiy Xabapuivlcol No2 (77) 2025 127
Becmuux Amvipayckoeo ynugepcumema umenu X, [Jocmyxamedosa
Bulletin of Kh.Dosmukhamedov Atyrau University



Scientific reasoning levels in physics education: challenges and opportunities

and distance. Since these variables are observable in this type of motion, students can measure
them without needing to infer other factors involved.

Nevertheless, to improve and elevate the reasoning level of high school students in the field
of physics towards a hypothetical-deductive reasoning level [14], which is the expected level in
this disciplinary field, it is necessary to propose and integrate activities holistically that align with
the context and the students’ familiarity with their environment to develop skills [15]. As
mentioned, certain contextual elements, such as marginalization, can negatively affect the
cognitive processes of students [7-77].

In this sense, although the focus of this research did not center on contextual considerations,
it is necessary to recognize that these are fundamental in promoting more advanced scientific
reasoning. This is particularly relevant for those students who obtained low scores after the
application of the instrument, in areas such as proportional thinking, identification and control of
variables, probabilistic thinking, and combinatorial and correlational thinking.

For example, practical experimental exercises focused on kinematics could be designed,
allowing students to explore and demonstrate the proportional relationships between physical
variables tangibly. In the case of free fall, students could be allowed to control variables such as
the height from which an object is dropped and measure the time it takes to reach the ground. By
making these measurements and comparing the results, students can understand how altitude
affects the fall time, thus promoting the development of variable control-oriented thinking, as well
as combinatorial and correlational thinking.

Furthermore, in the context of uniform rectilinear motion, students can advance their ability
to identify and control variables in more complex situations, such as adjusting the speed of an
object to ensure its final position matches a specific location. This approach not only reinforces
the understanding that manipulating one variable affects the others but also teaches that these
variables are interrelated through a mathematical formula.

By carrying out these exercises, the student recognizes the direct influence of speed on the
final position and also understands how this relationship is structured mathematically. This type
of practice strengthens the student’s ability to solve more challenging physics problems, as it forces
them to consider how variables interact within a system.

Additionally, technological tools, such as specialized physics teaching software (like PhET
Interactive Simulations), create a favorable environment for examining proportional relationships
and transformations of variables involved in various physics topics within virtual environments.

In this way, the student acquires more skills that transcend concrete thinking, as they
consider and manipulate additional variables and constantly review their effects and implications
in their everyday life through formulas, fostering more hypothetical-deductive reasoning. This
type of reasoning enables the student not only to contrast prior knowledge with new learning but
also to formulate and verify new assumptions.

Finally, although currently, young students in the high schools of the central zone of
Zapopan at the University of Guadalajara are at the empirical-inductive reasoning level, the
incorporation of these practices in the Physics course would not only improve the understanding
of more complex concepts but also prepare students to apply thinking skills in a variety of contexts
and subjects. This would promote an integral education in physics, positively impacting the
student’s cognitive development by encouraging the strengthening of critical reasoning skills,
rather than being limited to memorization.
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®N3UKAFA OKBITYJIAFBI FELIBIMU OIJIAY JEHTEMJIEPI:
KUBIHJILIKTAP MEH MYMKIHJIKTEP

AHaaTna

FouteiMu ofinay opTra MEKTENTer! XKapaThlIbICTaHy MTOHJEPIH OKBITYIa MaHbI3/Ibl POJI aTKapasbl, OMTKEHI 0
OKYyIIBbIIApFa FBUIBIMH KYOBUIBICTApAbl TYCIHY JXOHE Taylay YIIIH KaKETTI TAHBIMJIBIK Jar[bUIap/bl JaMbITyFa
MYMKIHIIK Oepe/i. Du3uKa CUSKTHI OHACP e Oy TYPACTi MalbIMIay bl KAJBIITACTHIPY OKBITY YACPiCIHIC MaHBI3IbI
Gosiein TaObLTanBl. byn 3eprrey ['Bajanaxapa yHMBEpCHTETiHIH 3amlonaH OpTalbIK aliMarblHIAFbl OpTa MEKTEN
OKYIIBUTaPBIHBIH FRUIBIMA MTAHBIMIAY JeHTeiiepin Oaranayra 6arsiTTaimral. OCbl MaKkcaTTa OCHl OKY OpPHBIHA KapacThI
aNTBHI OPTa MEKTENTIH KYHII3ri OemiMiHiH exiHm cemecTpirae oKUTHIH N = 351 oxympickiHa CHIHBINTAFBI FEUTBIMA
maiieiMaay Tecti okyprizinmi. Hotmkenep 336 OKyImIBIHBIH FBUIBIMH TaibIMAAy [eHTEHIIepiHAe aWTapibIKTai
aMBIPMAIITBUTBIK %KOK ekeHiH kopceTti (p = 0,667 > 0,05), 6yi1 OKyIIBIIApABIH SMITHPHKAIBIK-HHIYKTHBTI TTafbIMIayFa
HETI3MeNEeTiHIH alKpIHOaabl. Byl HOTIDKENep CHIHBINTAFBl CTPAaTETHUsIIap MEH iC-OpeKeTTepAl €HTi3y KaKeTTUTTiH
KepceTei, oap KOMOMHATOPIIBIK jKOHE KOPPEISLMSIIBIK OWIay Ibl, COHal-aK aifHpIMabuIapAbl 0aKpuIay KadijeTiH
JIAMBITHII, FBUIBIMH OWJIay IbIH JKOFaphl JIEHreiIepine KOJI )KeTKi3yre bIKIal eTe/.

Herizri ce3nep: F'vuibiMu ofinay, >korapbl CHIHBIN OKYLIBUIAPHI, SMITMPUKO-MHIAYKTHBTI OJIay, OKBITY MEH OKY
YZiepici, TaHBIMABIK JaFAblIap, aifHpIMaNIbIIap bl OaKblIay, KOMOMHATOPIIBIK OHIay

YPOBHU HAYYHOI'O MBIIIIVIEHUA B OBYYEHUU ®U3UKE: TPYJHOCTHU
N BO3MOXHOCTH

AHHOTANMA

Hayunoe mplnuieHre urpaet GpyHIaMEHTaIbHYIO POJib B 00y4YeHHH €CTECTBEHHBIM HayKaM B CTapliiei IKoe,
MOCKOJIbKY OHO I03BOJISIET y4YaIMMCS Pa3BHBaTh KOTHUTHBHBIC HABBIKH, HEOOXOJUMBIE ISl TOHUMAaHUS W aHAJIN3a
Hay4YHBIX ABJICHUH. B Takux aucumIuimHax, kak (pusnka, pa3BUTHE 3TOTO THIA MBIIUICHUS HMEET Ba)KHOE 3HAUCHUE
Ui ydyeOHoro mporecca. Llenb JaHHOTO MccIenoBaHMS 3aKII0YaNach B OIEHKE YPOBHEH HAYYHOTO MBIIIICHUS Y
YYaIIUXCsl CTapIINX KIIACCOB IeHTpabHOH 300K Carorrana B YHuBepcurere ['Bagamaxapsl. {7t 3Toro 0611 MpoBeieH
Tect Ha HaydHOE MBIIIICHHE B Kiacce cpend BBHIOOpKH U3 n = 351 ydgamerocs BTOPOTO ceMecTpa IHEBHOTO
OTAEJIEHHsI, O0YJalOIUXCsl B IIECTH CTapIIMX MIKOJIAX, OTHOCAIIMXCSA K JaHHOMY YUYPEXKICHHUIO. Pe3ynpraTel He
BBISIBWIM 3HA4MMbIX pazauuuit (p = 0,667 > 0,05) B ypoBHSIX HAy4dHOTO MBIIUICHHUS cpeau 336 ydaruxcs, 4To
YKa3bIBa€T Ha npeo6naﬂaH1/1e OMITUPUKO-UHAYKTUBHOT'O MBIIIJICHUA. Ot PE3YIbTAThI MOAYCPKUBAIOT
HEOOXOIUMOCTh MHTETPAIIMH B YYCOHBIN MPOIECC CTPATETHI U BUJIOB JICATEIILHOCTH, CIOCOOCTBYIOIIMX PA3BUTHIO
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Scientific reasoning levels in physics education: challenges and opportunities

KOMOMHATOPHOTO M KOPPEIALHOHHOTO MBIIIJICHHUS, & TaKkKe CHOCOOHOCTH KOHTPOJIMPOBATH NEPEMEHHBIC, YTO
CIIOCOOCTBYET JIOCTHXKEHHIO 00JIee BBICOKOTO YPOBHS HAYYHOTO MBIIIUICHHSI.

Kurouesnie cnoBa: HayuHoe MbllIuIeHHE, YUEHUKHU CTApIINX KJIACCOB, SMIMPUKO-UHIYKTHBHOE MBIIIICHHE,
MIPOIIECC NMPENOoAaBaHusl 1 00YUYeHHs], KOTHUTHBHBIE HaBBIKH, KOHTPOIIb IIEPEMEHHBIX, KOMOMHATOPHOE MBIIILICHHE
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