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Abstract—The aim of the research is to find out the effect of applying class-
room assessment techniques (CATS) on both mathematical and logical thinking
among fourth-grade scientific students. In pursuit of the research objectives, the
experimental method was used, and the quasi-experimental design was used for
two equivalent groups, one control group taught in the traditional way and the
other experimental taught according to the techniques of classroom structural
evaluation. The research sample consisted of (44) students from the fourth sci-
entific grade who were intentionally chosen after ensuring their equivalence in
several factors, most notably chronological age and the level of mathematics,
and they were distributed equally among the two groups. To implement the re-
search, three tools were built, represented in the teacher's handbook for apply-
ing the class formative assessment, the mathematical reasoning test, and the
logical thinking test. The two researchers applied the experiment in the first se-
mester of the academic year (2019/2020) AD. The two researchers applied the
techniques of class formative assessment to the experimental group, while the
control group studied according to the usual method, and then the mathematical
thinking test and the dimensional logical thinking test were applied. On the ex-
perimental and control groups. The results showed that there were statistically
significant differences between the mean scores of the two groups on the math-
ematical thinking test, and there were also statistically significant differences
between the mean scores of the two groups on the logical reasoning test. The
size of the effect of applying the class formative assessment on both thinking
was calculated, and it appeared that it had a clear effect on both mathematical
thinking and logical thinking. In light of the results, the two researchers recom-
mended a number of recommendations.

Keywords—Formative classroom assessment techniques CATSs - Mathematical
thinking - Logical thinking — Mathematics
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1 Introduction

Learning mathematics is one of the pillars of this era, especially in light of the
trends of STEM, and the subject has evolved in recent decades, which resulted in the
transition to learn important implicit skills such as different thinking skills[1, 2].
However, the educational reality reflects the low levels of logical and mathematical
thinking skills among students. For example, TIMSS tests or recent trends in the
teaching of science and mathematics decrease the level of mathematical logical think-
ing skills and associated abilities and thus their overall scores[3], and many studies
have also shown the low level of these two thinking among students. The Assessment
is one of the pillars of the educational process, and affects all its elements and is af-
fected by them. It is also a systematic process to collect data about students' levels and
information that they possess, and thus can judge students' progress and the extent of
their attitudes towards achieving educational goals[4, 5]. Educational studies and
research have indicated that there is a clear positive effect of formative assessment on
student learning in the case of using it properly by teachers [6-8]. Hence, the need
arises for the existence of a type of assessment that differs from the usual, such as
tests, asking questions, etc. Indeed it's called assessment for learning, not an assess-
ment to learning. Here, one of the research problems appears, as it is, and despite the
proven effectiveness of the strategies and methods of formative classroom assessment
in the teaching-learning process, especially in mathematics, this is what has been
proven by many studies, including. However, this type of strategy that combines
teaching, learning, and assessment, and works as a bridge between goals and
achievement is still absent from our classes. As the actual assessment needs to change
in the teaching practices of teachers so that those practices depend on problem-
solving, investigative methods, and self-learning, instead of traditional practices that
are based on indoctrination and memorization and which depend on the centralization
of the educational system around the regular tests, and the pressure they cause for
students, and a decrease. In their achievement levels, then students find it difficult to
learn mathematics, as these tests depend on students ’recovery of mathematical prin-
ciples and laws, thus weaken their ability to solve mathematical problems, and their
mathematical thinking skills decline . Numerous studies also confirmed the lack of
awareness of mathematics teachers of formative classroom assessment techniques that
are based on the structural curriculum, the problem of current research is to use the
methods of constructive classroom evaluation for the first time to the best
knowledge[9]. The two researchers investigate its effectiveness on mathematical and
logical thinking, and the research problem is also evident in its endeavor to answer the
following questions: What is the effect of applying the classroom formative assess-
ment on the mathematical thinking of fourth scientific students? What is the effect of
applying CATSs on the logical thinking of fourth science students?
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2 Importance of Research

The theoretical importance deals with a new type of teaching strategy that com-
bines teaching and evaluation at the same time, namely the Classroom Formative
Assessment (CATS). The research adopts formative evaluation, which has proven to
be an evaluation for learning rather than an evaluation of learning. The research en-
riches the educational library with a topic that is rarely discussed and rarely found
(according to the researchers' knowledge). The research deals with the effect of class-
room assessment on two important variables in mathematics, which are logical think-
ing and mathematical thinking. Clears the confusion between the concept of mathe-
matical and logical thinking by presenting an overview of each. As for the applied
research, two tools are presented, namely the logical thinking test and the mathemati-
cal thinking test, as they are expected to be used in future research. Researchers may
also rely on them in preparing similar tools. And teachers are encouraged to adopt
new methods of teaching and evaluation at the same time and in light of the construc-
tivist theory. The research also draws the attention of educators and mathematics
curriculum developers to the importance of mathematical and logical thinking in the
subject of mathematics and the necessity of adopting modern and effective methods
for their development. The importance of applied research is also evident from its
application to fourth-grade students and its attempt to facilitate the learning of math-
ematics. Finally, the research helps in determining the level of mathematical and logi-
cal thinking among students of this stage, which is part of the evaluation process on
which educational reform is based, by identifying its reality and the extent of its
achievement of the desired goals. Accordingly, to verify the objectives of the re-
search, the following hypotheses were developed: “There are no statistically signifi-
cant differences at a level of significance (0.05) between the average scores of the
experimental group students on which the CATs were applied and the average scores
of the control group students that were studied and evaluated according to the usual
method in the mathematical reasoning test. "And "there are no statistically significant
differences at a level of significance (0.05) between the average scores of the students
of the experimental group on which the CATSs technique was applied and the average
scores of the students of the control group that were studied and evaluated according
to the usual method of the logical reasoning test." As for the limits of research, they
are defined by the human limits, and they are students of the fourth scientific grade of
the Directorate of Education Rusafa First. And the spatial boundaries were Al-Istiglal
Secondary School for Girls affiliated to the Rasafa First Education Directorate. And
the temporal boundaries where the research was applied in the academic year 2019-
2020 AD, the first semester. And finally, the objective limits, which are the tech-
niques of classroom formative assessment CATSs (independent variable), mathemati-
cal thinking, and logical thinking (two dependent variables), and for the second and
third chapters of the mathematics textbook for the fourth scientific grade 11F of 2018.
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2.1 Research terms

Formative assessment: It is "a continuous and traded process used by both teachers
and students during teaching that provides applicable feedback that is used to enhance
an ongoing educational learning process to improve student achievement of intended
goals"” [10-13]. It is known procedurally in the research "It is a method that links the
three elements of the educational process, teaching, learning, and assessment through
the application of methods and strategies for immediate continuous evaluation, which
aims to determine what needs to be strengthened or modified in the design of the
lesson and contributes to improving students' achievements and achieving goals by
providing instant feedback™. Classroom assessment techniques CATSs: These are class
activities that take place inside the classroom and do not have grades for providing
teacher feedback regarding what students have absorbed and did not understand in the
studied content to control the educational situation before completing the course and it
allows students to think about what they have learned[14]. It is known procedurally in
the current research as "employing some activities, strategies or techniques to assess
students' learning first-hand throughout the class, which is part of the learning pro-
cess, as it directs for the better, stands for the weaknesses and strengths of students
and is continuous throughout the learning period™. Mathematical thinking: It is a pro-
cess in which the learner searches for meaning from a situation or experience related
to mathematical content. It is thinking usually associated with areas of mathematics
where the elements of experience are represented in numerical forms, symbols, or
mathematical concepts, and it is the most comprehensive type of thinking[15, 16]. It is
procedurally defined as "enabling the student to practice specific mental skills, relying
on symbols, relationships, mathematical laws, numbers, curves, and others to arrive at
a mathematical problem, and it is measured here by the test prepared for it". Logical
thinking: The student can make logical judgments and logical classification and rea-
soning, and it includes several skills including inference, induction, and deduction[17,
18]. Procedurally defined here as "thinking practiced by students to examine the data
and information provided to them to obtain answers or expected results. It is measured
here by a logical reasoning test prepared for this purpose".

3 Theoretical Background and Previous Studies

3.1  Formative classroom assessment techniques

Evaluation is a necessary process to ensure the success of the educational process,
as it is the only way to know the pros and cons of this process, which pushes it for-
ward and thus the pursuit of new methods of evaluation has become an urgent need in
light of recent educational developments, especially in mathematics, and the good
classroom evaluation environment is that environment in which the evaluation is
applied from To emphasize and follow up on the continuous improvement of students'
learning, which is an evaluation for learning and not a post-learning evaluation. It
occurs during the teaching and learning processes and works to include activities that
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ensure the direct and in-depth participation of students in their learning and increase
their confidence and motivation to learn[19, 20]. The classroom evaluation is one of
the foundations of the evaluation and it is an introduction to the constructive evalua-
tion, and it is how the teacher obtains the information that helps him in directing his
thinking and sharpening it during the teaching process and contributes to preparing
him for future class activities or identifying difficulties or problems that students face
during learning[1[21]1].To emphasize the meaning of classroom formative assess-
ment, we point out that it arose as a result of the emergence of the interactive style in
the teaching and learning processes, which is called the “constructive approach,”
which is an approach based on the classroom formative assessment as an educational
process that employs and uses the information you provide to support both teaching
and learning. The constructivist curriculum was established in the light of Vygotsky's
socio-constructivist cultural theory, and this theory indicates that knowledge is ac-
quired through interaction with the students' social and physical environment, and
those interactions reach their maximum when students present explanations, explana-
tions, expectations, proofs, and analysis related to the content they learn and among
peers on question-posing strategies, Listening, reflecting deduction, and active and
continuous feedback. Techniques of classroom formative assessment: It refers to all
the steps, methods, and methods used to apply an effective class formative evaluation
process[22]. As the techniques of classroom formative assessment are effective activi-
ties through mini-situations that are used immediately in the classroom, and each
technique is an activity designed to help the teacher to obtain sufficient information
about the student’s understanding through feedback, and it ensures the monitoring of
the learning process, which facilitates making decisions to design and develop both
teaching and learning [23-25]. Based on the proven importance of formative assess-
ment practices in learning environments, Ten US states have ratified a set of stand-
ards, which are learning outcomes, as this standard includes sub-criteria such as link-
ing the topic of the current lesson with previous or future learning, providing learning
outcomes for students, formulating those results, and clarifying their relevance to the
topic of the lesson. Success criteria, as this criterion involves the learners' participa-
tion in setting success criteria, their relevance to learning outcomes, their relevance to
all student levels, especially the lower ones, their relevance to all learning activities
and tasks, and their proper linguistic formulation. Inferring evidence and indicators of
student learning through tasks and activities, including the correlation of tasks and
activities with learning outcomes, clarity, and the teacher reviewing students *work to
see their progress, and employing learners’ responses in adapting teaching. Generat-
ing evidence about student learning using questioning strategies, ie choosing an ap-
propriate time to ask questions to assess learners “progress, waiting time, using ques-
tions to obtain evidence related to student learning, using students’ responses to elicit
their achievements, and adapting teaching[26]. Feedback sessions that are presented
during questioning: in the sense of asking questions to encourage students to partici-
pate, and to progress in teaching in light of students' responses. Descriptive feedback,
includes providing individual, descriptive feedback to the student, and providing op-
portunities for learners to use or apply that feedback. Peer evaluation: allowing stu-
dents to evaluate their peers, the clarity of the evaluation tasks, the effect of peer
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evaluation on students' achievement, the organization of the tasks of this evaluation,
and the criteria used by students in this evaluation. Self-evaluation, meaning allowing
students to self-assess their learning, the clarity of the assessment tasks, the organiza-
tion of those tasks, and the impact of that evaluation on students *achievement and the
development of teaching processes, and the criteria used by students to evaluate them-
selves. Cooperation, that is, the participation between the teacher and students in the
educational situation, the cooperation between the students one another, the teacher
benefiting from the reactions and questions of the students to deepen the learning, the
search for different opinions among the students, and the strengthening of the stu-
dent’s confidence as capable of learning. The use of evidence to design instruction
includes methods of collecting evidence for learning related to the outcomes of that
learning in the classroom, inference and analysis of evidence, and teaching rede-
sign[27].

3.2 Mathematical thinking

Mathematical thinking is an organized process that the student's mind performs if
he faces a mathematical problem that challenges his ability so that he cannot find a
present solution to it, which leads the student to think about the problem and review it
and arrange his previous mathematical experiences after that, and then he searches for
a final solution to that problem. It is a thinking that obliges a person to face mathe-
matical problems and tasks in an attempt to solve them and through which this person
depends on many factors related to the mental processes through which the solution
process is performed and the logical operations that lead to solving the various types
of mathematical operations necessary to solve a problem or answer a mathematical
question[28, 29]. Mathematical thinking skills: The skill is a specific performance in a
situation with mastery and mastery, and this requires training and training as often
accompanied by behavioral changes in performance. The skills differ according to
different researchers, educators, and mathematicians, and thus the most important
mathematical thinking skills are guessing or intuition - deduction - generalization -
expression in symbols - modeling - mathematical proof - formal logical thinking [30-
32].

3.3 Logical thinking

Logical thinking is considered as thinking practiced by the individual when he
wants to know the causes and causes behind a particular problem. It is an individual
mental activity aimed at making a decision or reaching a solution to a problem, and it
is a process that takes place to reach results through knowing specific introductions.
Logical thinking in mathematics is thinking that occurs as a result of the existence of
an incentive for the learner to bring the knowledge and previous mathematical experi-
ences that he has and employ them in solving a problem by treating the assumptions
given to reach a determination of all the results that will result from this treatment,
and studying the existing relationships between the data elements to infer other rela-
tionships Reaching correct mathematical conclusions and opinion[33-36]. Logical
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thinking skills and patterns: Proportional inference requires the individual to be able
to infer the nature of the proportional relationship between more than one element by
using proportion and proportion. As for controlling variables, it requires the individu-
al to be able to isolate the factors that affect a particular phenomenon from among a
group of factors that he identifies. Whereas associative inference requires the individ-
ual to be able to study the quantitative relationships between the elements of the group
or groups and determine the proportions of each, then compare the proportions and
finally give certain probabilities. And finally, generative reasoning, which requires the
ability of the individual to deal experimentally or theoretically to make the largest
possible number of connections between the elements under study, provided that the
links are organized and coordinated and not random or duplicate.

3.4 Literature review

The studies related to the formative classroom assessment techniques are presented
in order from oldest to newest as follows: Plybour's aimed to test the effectiveness of
integrating formative assessment in the teaching of physics and its impact on the de-
velopment of concepts and the students ’attitude towards science[37]. Several activi-
ties have been used to implement teaching by integrating formative assessment such
as (ascertaining the concept - self-learning - peer participation - hands down strategy -
pens down - feedback). The researcher used several tools, as it applied pre-and post-
evaluation tests to find out the extent of acquisition and development of scientific-
physical concepts for the units of force and the equations of motion. She also used
interviews and questionnaires with open-ended questions to know students' attitudes
about integrating formative assessment into teaching on 55 pre-university students. In
the US state of Michigan. It found that integrating formative assessment into science
classes from the beginning of the lesson to the end leads significantly to the acquisi-
tion and development of students ‘physical concepts, and the study also confirmed
students' preference for integrating formative assessment activities during the teaching
and learning of physics. Al-Azizi, 2016 aimed at identifying the effectiveness of using
formative evaluation in improving the academic level of thinking skills and scientific
research courses among university students[41]. The sample consisted of (50 stu-
dents) from the first-year students in the College of Business Administration at Shakra
University. It was based on the quasi-experimental approach, in which two equal
groups were chosen, a control group, and studied using the usual method, and an
experimental group was studied using the formative evaluation. An achievement test
was applied to both groups before and after teaching, and the tool was an achievement
test in thinking skills and scientific research. The study demonstrated the superiority
of students of the experimental group who studied the thinking skills and scientific
research course using the formative assessment over the control group students who
studied the same course using the usual method of academic achievement. The study
also recommended the necessity of applying formative evaluation strategies within the
classroom at all school levels. Bani Hamad and Al-Barakat (2018) sought to identify
the quality of formative assessment practices in classroom settings to learn physics in
the basic education stage in Jordan. The sample included (20) male and female teach-
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ers, who were randomly selected. To achieve the objectives of the study; The two
researchers designed a tool represented by a verbal rating scale for the classroom
observation, where the rating scale consisted of ten criteria for the quality of forma-
tive evaluation practices, and each criterion consisted of a set of performance indica-
tors, and the number of indicators as a whole reached 38 indicators that reflect forma-
tive evaluation practices. The results showed that the degree of quality of formative
evaluation practices did not reach a high level, but rather, all of them were distributed
within a low degree of practice. That is the absence of employing quality criteria for
formative assessment in physics learning environments. This confirms the urgent need
to implement these practices, which was recommended by the study. The current
research has benefited from the above studies in developing an intellectual framework
on the classroom structural assessment and its importance, especially in mathematics.
And choosing the appropriate experimental design, which is an experimental design
based on two equivalent groups (an experimental group and a control group). And
contribute to the objective interpretation of the research findings. Finally, learn about
many books, scientific journals, and sources that enrich the current research

4 Research Methodology and Procedures

The research relied on the experimental method that applies the research experi-
ment to two groups, one of them is control and the other is experimental. The research
used the semi-experimental design with partial control of two equal groups, a control
group and an experimental one due to the suitability of this approach for the research,
as the research studies the effect of one independent variable (classroom formative
assessment technigues) on two dependent variables, which are mathematical thinking
and logical thinking as shown in Table (1). As for the research community, it was
identified as fourth-grade students in the First Rusafa Education Directorate. The
research sample was chosen by the intentional method from Al-Istiglal Secondary
School for Girls, then it was divided into two groups, the control group, which studied
traditionally, and its number (22) students, and the experimental group studied by
applying the technigques of formative classroom assessment, their number (22). The
parity of the two research groups was adjusted according to several variables, which
are (chronological age, previous year's grades in mathematics, the mathematical rea-
soning test, the logical reasoning test). The indicated variables were chosen after ob-
taining the information about the two research groups, i.e. the chronological age and
the previous year’s grades in mathematics. From school records, the students ’equiva-
lence in terms of mathematical thinking and logical thinking was based on the grades
of these students in the pre-applied mathematical thinking and logical thinking tests,
after testing them, correcting their answers and determining the grades of each of
them. The parity of the two research groups was also ascertained by comparing the
mean scores of the experimental and control groups using the t-test for two independ-
ent samples, as it became clear that the calculated t value reached (1.44), meaning that
it is less than the tabular value of T, which amounted to ( 2) In the research variables,
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which means that the two research groups are equivalent concerning the variables
(mathematical thinking and logical thinking) as in Table (2).

Table 1. Experimental Design for Research

Groups Previous application Independent variable Post application
Experimental Application of formative classroom |Post-application
group Previous application of the math- [assessment techniques of mathematical

ematical reasoning test, logical thinking test,
Control group |reasoning test Teaching by the traditional way [logical thinking
test

Table 2. Statistical data for equivalence of research groups (T-test)

Stand- The value of

. Number of| Arithmetic | Standard ard test Significance

Variables Groups students mean deviation errcar OL Calculat- level at 0.05
Sterlr:]ea?\r ed Tabular

.Chronolog- Experimental 22 79,189 13,165 1,971 1375 | 1998 Not signifi-
ical age Control 22 74,01 14.719 2,326 ' ' cant
Mathemati- Experimental 22 12.508 2,373 0,348 0926 | 1989 |NOt signifi-
cal thinking|Control 22 12.100 2917 | 0,391 ' ' cant
Lc_)giqal Experimental 22 10,03 3,62 10,12 144 2,00 Not signifi-
thinking  |Control 22 11,24 3,15 9,90 ' T |cant

It is clear from the above table that there are no statistically significant differences
concerning parity factors (age - mathematical thinking - logical thinking) between the
experimental and control groups, which indicates the parity of the two groups and
ensures that research tools can be applied to them. Research materials and tools:
Teaching book using CATs, Mathematical Reasoning Test, Logical Reasoning Test.

4.1 Research materials and tools

Research tools: Teaching booklet using CATs, Mathematical Reasoning Test, and
Reasoning Test. Procedures for preparing research tools: Preparing research tools
requires analyzing the content of the second chapters (equations and inequalities) and
the third (foundations and roots) to identify the elements that they contain. As well as
preparing a table specifying the objectives of the second and third chapters of the
book. The following steps were followed to conduct this analysis, as the content ele-
ments included in the two subjects (equations and inequalities) and (foundations and
roots) were identified in terms of concepts, laws, skills, etc. And analyzing the content
of the topics of the second and third semesters contained in the mathematics book for
the fourth scientific grade, F11 of 2018. And preparing the content analysis form,
which includes a table of the topics of the second and third chapters of the book and
the skills, concepts, and generalizations they contain. Then, to ensure the stability of
the analysis by analyzing the specific substance and then repeating the analysis. It was
confirmed through the process of repeating the analysis, which means performing the
analysis twice, with a difference of three weeks between them, and then calculating
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the percentage of agreement and difference using the Cooper equation to calculate the
percentage of agreement between the two analyzes, where Cooper indicates that the
level of consistency is determined by the percentage of agreement, and if the agree-
ment percentage is less than 70 % Indicates a decrease in the stability ratio, but if the
percentage is 80% or more, it indicates a high percentage of stability, and the analysis
percentage has reached (93%), which indicates the stability of the analysis process at
a high rate. The questionnaire for the analysis was presented and a copy of the pre-
scribed material was attached to a number of experienced referees, specialists in
measurement and evaluation, and in methods of teaching mathematics, and thus the
correctness of the analysis was verified in light of the opinions of the arbitrators.

Teaching brochures using the techniques of classroom formative assessment
CATSs: To prepare the brochure (teacher's guide), the objectives of teaching the sec-
ond and third semesters (equations and inequalities - foundations and roots) were
determined and the contents of the second and third semesters referred to were ana-
lyzed. And review relevant literature and previous studies to make use of them in
preparing the guide. The booklet included the pedagogical and philosophical founda-
tions upon which the formative assessment is based in the classroom - a list of the
lessons included in the proposed unit - the educational aids and tools needed to im-
plement the research - the time required to teach the unit according to the classroom
formative assessment techniques - guidelines for implementing the guide - the unit
lesson plan according to CATSs technologies. Short techniques were chosen that fit the
mathematics subject and the time of the class and were represented in (feedback ses-
sions, asking deep questions, concept maps card, group work evaluation). The two
researchers presented the teaching booklet (Teacher's Guide) to a group of referees
specialized in the curricula and methods of teaching mathematics, to obtain their opin-
ions, suggestions, and observations, and then amend what is needed in the guide ac-
cording to those opinions and observations, where the final picture of the evidence
was reached accordingly.

The mathematical reasoning test: The test was prepared in its final form, consist-
ing of multiple-choice questions (of four alternatives). Four skills for each skill in-
cluded five paragraphs so that the test consisted of (20) questions. Where the goal of
the test was determined, which is to measure the extent to which fourth-grade scien-
tific students possess mathematical thinking skills before and then after applying the
Constructive Classroom Assessment CATSs, thus knowing its effect on mathematical
thinking. And then determine the mathematical thinking skills that the test aims to
measure, which is modeling, and includes the ability to draw tables and pictures, and
use graphic representations, engineering diagrams. Reasoning means the student's
ability to reach generalizations. And the expression in symbols. And abstraction. And
reach the best solution. The research has chosen those skills due to their suitability for
the selected unit and for the age group to which the research is applied (fourth-grade
science) and because some other skills such as induction and classification will be
measured through the application of the logical thinking test, where logical thinking is
part of mathematical thinking. Preparing the content of the test, as the two researchers
prepared the Mathematical Reasoning Test in its initial form to take into account the
suitability of the questions for the students ’level, the clarity of the formulation of the
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questions and what is required within them, and the matching of the questions with
the definition of mathematical thinking in mathematics and its skills. And then prepar-
ing the test instructions by developing the necessary instructions to help the students
to understand what is required and how to answer. Then the test is corrected, whereby
the correction is done by giving the student one score for each correct answer, and
nothing (zero) for each wrong answer. The test was applied to an exploratory sample
from outside the research sample consisting of (20 female students) from the fourth-
grade students on 1/10/2019, and the exploratory experiment aimed to ensure the
clarity and smoothness of the questions and test instructions and determine the time of
the test. The two researchers concluded that the appropriate time To complete the test
is 45 minutes. Internal consistency was verified by calculating the Pearson correlation
coefficient between each sub-skill of each of the test questions with the total score
(for the answers of the pilot sample students). Which indicates the validity of the test.
The two researchers also calculated the correlation coefficients between the degree of
each sub-skill with the total score of the test. All domains were statistically significant
at a level of significance (0.01), which is a degree indicating that the internal con-
sistency of the test is high. Stability of the test The Coder - Richardson coefficient
was used to find the test reliability coefficient, and Richardson’s coefficient (21) was
obtained for the overall test score. The Richardson Correlation Coefficient (0.728),
which is a good value, means that the test is stable and can be applied as a research
tool.

The logical reasoning test: The objective of the test was determined, which is to
measure the logical thinking skills of fourth-grade scientific students before and after
applying the CATs techniques to them in mathematics, and then knowing the effect of
applying classroom formative assessment techniques on logical thinking. After re-
viewing the literature, studies, and research related to logical thinking, its skills, and
methods of measuring it among students, a list of logical thinking skills was prepared,
and the research adopted the following list of skills due to their suitability for the age
group of students (scientific fourth grade) and since they measure logical thinking in
mathematics in particular and is represented in the skill of classification Logical (ar-
ranging things in common with the same quality in one group) And the skill of induc-
tion (tracking molecules in a conscious and organized way to reach the totals). And
the skill of elicitation (giving the student an introduction or more to reach a result
mentioned in that introduction or introductions). And the skill of deduction (giving
the student an introduction or more to reach a conclusion that was not mentioned in
that introduction or introductions). In its final form, the test consisted of (25) ques-
tions that were distributed to measure the four previously defined skills, and the ap-
propriateness of the test content for the subjects decided on the fourth scientific-grade
was taken into consideration. To correct the test, two scores were assigned to each of
the test items, and thus the total score for the test is 50 points. As for the validity of
the test, it was presented in the initial image to a group of expert and specialized ref-
erees in teaching mathematics, educational philosophy, and the Arabic language, and
the help of the arbitrators was requested by expressing their opinions related to the
integrity of the test paragraphs from the scientific and linguistic point of view, and
proposing the necessary addition, deletion or amendment of any A paragraph, and
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accordingly, the two researchers reached the final picture of the test. And for the reli-
ability of the test, the alpha coefficient was used to calculate the internal consistency
factor of the test, whose value was (0.832), which is a value indicating the stability of
the test and its validity as a measuring tool.

4.2  Research results

The results of the first hypothesis of the research: To verify the validity of the hy-
pothesis, the dimensional mathematical reasoning test was applied to the experimental
and control research groups, then computed the arithmetic averages, standard devia-
tions, and values of the T-test, and then obtained statistically significant differences
between the experimental group’s scores in this test and the control group’s scores in
the test Same, as in Table (3). By looking at the previous table, we notice that the
level of significance is (0.04), meaning it is 0.05, and we also note that the calculated
value of (t) is greater than the tabular value of (t), which confirms the existence of
statistically significant differences between the mean scores of the experimental group
and the control group of individuals of a sample Research (scientific fourth-grade
students) in the mathematical reasoning test, which means rejecting the first hypothe-
sis. And it emphasizes the positive impact of the methods of classroom formative
assessment on developing students' mathematical thinking. In order to calculate the
effect of applying the CATs formative evaluation methods on mathematical thinking
among fourth-grade students from the members of the research sample, the equation
of the directed effect size complementing the statistical significance was applied in
light of the values of (T) and the degree of freedom, and the results of the effect size
are shown in Table (4). It is clear from the previous table that the effect size value
associated with the ETA square value has a significant impact, which confirms the
clear effect of applying the class formative assessment on the development of mathe-
matical thinking among fourth-grade scientific students.

Table 3. The arithmetic mean, standard deviations, value (T), and level of statistical
significance of the differences between the experimental and control
group scores in the mathematical thinking test

Groups The |Arithmetic|Standard| _ T-Test value Degfree Significance| Statistical
P number| mean |deviation|Tabular |Calculated level significance
freedom
Experimental| 22 41.327 7.392 significant
1. 441 .04
Control 22 34.175 7.093 990 0 83 00

Table 4. The effect of applying the formative classroom assessment techniques in
mathematical thinking for the fourth-grade students

Effectiveness Degree of freedom T Value n2 Effect size level
Interior 31 19.98 0.95 Big
External 57 10.237 0.64 Big
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Results of the second hypothesis of the research: To verify the validity of the pre-
vious hypothesis, the dimensional logical reasoning test was applied to the experi-
mental and control research groups, then computed the arithmetic averages, standard
deviations, and the values of the T-test, and then obtained statistically significant
differences between the scores of the experimental group in this test and the scores of
the control group in The test itself. Table (5) illustrates this. By looking at the previ-
ous table, we notice that the level of significance is (0.03), meaning that it is 0.05, and
we also note that the calculated value of (t) is greater than the tabular value of (t),
which confirms the existence of statistically significant differences between the mean
scores of the experimental group and the control group of individuals of the research
sample. (Fourth-grader scientific students) in the logical reasoning test, which means
rejecting the first hypothesis. And it emphasizes the positive impact of the methods of
classroom formative assessment on the development of thinking among students. To
calculate the effect of applying the CATs formative assessment methods on the logi-
cal thinking of fourth-grade students from the members of the research sample, the
formula for the size of the directed effect complementing the statistical significance
was applied in light of the values of (v) and the degree of freedom, and the results of
the effect size are shown in Table (6). It is evident from the previous table that the
effect size value associated with the ETA square value has a significant impact, which
confirms the clear effect of applying the class formative assessment (the independent
variable) on the development of logical thinking (the second dependent variable)
among the fourth-graders of science.

Table 5. The arithmetic mean, standard deviations, value (T), and level of statistical
significance of the differences between the experimental and control
group scores in the logical reasoning test

- . | Standard - - .
The |Arithmetic| geviation T-Testvalue | pogree of| Signifi- | Statistical

number| Mean Tabular |Calculated| freedom |cance level| significance

Groups

Experimental| 22 42.010 7.402
Control 22 34.100 7.073

2.1 4.2 83 0.03  [Significant

Table 6. The effect of applying the formative classroom assessment techniques
in the logical thinking of the fourth scientific-grade students

Independent variable Dependent variable | Value of 12 | Value of d | The effect size
Formative classroom assessment . . .
techniques Logical thinking 0.192 1.089 |Very big

4.3  Explanation of the results of search

Results related to the first dependent variable, which is mathematical think-
ing: The results related to the mathematical thinking variable presented in the previ-
ous tables showed the superiority of the experimental group to which the classroom
structural assessment was applied in the mathematical thinking test compared to the
scores of the experimental group students who were taught and their learning evaluat-
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ed in the traditional way, which confirms The positivity of the classroom constructive
assessment in developing mathematical thinking among fourth-grade scientific stu-
dents. The two researchers attribute this to the fact that the application of the class
formative assessment helps students to link between their previous knowledge and
new information, which results in extrapolating the information or concept, which is
the most prominent thing that a mathematical thinker does. The classroom structural
assessment stimulates students towards learning, which encourages them to follow
methods of induction, guessing, and other mathematical thinking skills. The class-
room methods used in the classroom formative assessment, such as feedback on the
student’s thinking, contribute to his weaknesses. This method provides information
about students and their knowledge, which helps the teacher to modify the design of
teaching to develop their mathematical thinking skills. The methods of classroom
formative assessment, through the social climate and cooperation among students,
help in developing the skills of using symbols and modeling laws, among others,
which raises their level of mathematical thinking.

Results related to the second dependent variable, which is logical thinking:
The results of the analysis of the data related to the logical thinking variable presented
in the previous tables showed the superiority of the experimental group on which the
classroom structural evaluation was applied in the logical thinking test compared to
the scores of the experimental group students who were taught to them and their
learning was evaluated traditionally. This confirms the positiveness of the classroom
constructive assessment in developing logical thinking in mathematics among fourth-
grade scientific students, and the two researchers attribute that the classroom con-
structive assessment is a method of gradual learning that begins with the discovery of
knowledge among students, then the deduction, deduction, and analysis of new infor-
mation, which is the most important logical thinking skills. The classroom formative
assessment is based on investigation and deduction by providing data and infor-
mation, leaving room for the student to reach the results, which matches the purpose
of logical thinking. Continuous and immediate evaluation helps to arrange and classi-
fy information and are important capabilities for the development of logical thinking.
The evaluation leaves room for students to ask deep questions and try to get answers
to them, which leads them to find out the causes and causes, which are also the most
prominent logical thinking skills.

5 Conclusion

In light of the results of the applied part of the research, the following can be con-
cluded: The constructive curriculum based on the social constructivist theory that
encourages cooperation between students and between students and the teacher is an
effective approach. Formative classroom assessment techniques (CATS) are effective
techniques for teaching mathematics that subject that needs to be revisited to issues
and assignments first hand as this is already part of the techniques. Formative class-
room assessment techniques link teaching and assessment and make them two sides of
the same coin, which improves the learning process significantly. Immediate feedback
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helps the student in better understanding and the teacher in adjusting teaching faster.
Formative classroom assessment techniques help in developing mathematical thinking
skills for high school students. Formative classroom assessment techniques help in
developing logical thinking skills for high school students. Students demonstrated
high mathematical intellectual capabilities represented in modeling relationships,
finding evidence, and reaching a better solution during the application of the forma-
tive classroom assessment techniques.

6 Recommendations

In light of the findings of the research, the researcher recommends the need to edu-
cate mathematics teachers on the importance of modern assessment methods, includ-
ing formative classroom assessment techniques. Preparing mathematics curricula in a
way that integrates assessment within the teaching process. Carrying out more similar
studies on other variables such as mathematical achievement and mathematical prow-
ess. Attention to developing mathematical thinking skills, especially that it implicitly
includes logical thinking. The necessity of conducting daily assessments, as they have
a great impact on learning mathematics. Preparing a special book for the teacher (the
teacher's guide) that includes the methods and steps for applying the formative class-
room assessment techniques in teaching at various educational levels.
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