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Quantitative reasoning is a powerful tool for illustrating the role of mathematics in solving STEM problems. The levels of variational and covariational reasoning influence students' interpretation of mathematical quantities. This research employed a teaching experiment method and examined 7th grade students engaged with STEM activities on solid and liquid pressure. The aim was to explore the relationship between their variational and covariational reasoning levels and their quantitative reasoning. The study found that the students' variational and covariational reasoning levels shape their quantitative reasoning process. The findings highlight the significant role of these levels in interpreting scientific concepts and constructing tables and graphs during quantitative reasoning. It is suggested that educators develop STEM environments that enhance students' quantitative reasoning skills by considering their variational and covariational reasoning levels.

Introduction

Quantitative reasoning which involves envisioning the change in values of quantities and the dynamic relationship between two quantities [START_REF] Thompson | Quantitative reasoning and mathematical modeling[END_REF] provides insights into how students conceptualize quantities and understand their measures [START_REF] Thompson | Quantitative reasoning as an educational lens[END_REF]. Variational and covariational reasoning play a crucial role in helping students to understand mathematical ideas and to connect daily experiences with mathematical ideas [START_REF] Frank | Examining the Development of Students' Covariational Reasoning in the Context of Graphing[END_REF]. Variational reasoning involves understanding the change in a quantity over time, while covariational reasoning pertains to the simultaneous change of two quantities and their relationship. [START_REF] Ellis | The influence of reasoning with emergent quantities on students' generalizations[END_REF] emphasized that the quantitative reasoning approach motivates students to establish relationships between the quantities and through such an approach, students should participate activities that enable them to discover the effect of change in one quantity on another.

On the other hand, students need to interpret real-world situations and make informed decisions in STEM activities. Slater and [START_REF] Burrows | A proposed integrated STEM framework for contemporary teacher preparation[END_REF] emphasized the need to address the concepts taught with a mathematical perspective in which the quantitative reasoning is in the forefront rather than standing out of the teaching of science as a single discipline and to search for the processes experienced to integrate the knowledge, skills, and attitudes among STEM disciplines. Also, by examining the changes and relationships among quantities, students develop variational and covariational reasoning, which enhances their understanding and application of mathematical concepts in STEM contexts [START_REF] Panorkou | Integrating math and science content through covariational reasoning: the case of gravity[END_REF]. Researchers suggest that performing covariational reasoning in realworld problems can be challenging, necessitating further investigation [START_REF] English | Fifth-grade students' quantitative modeling in a STEM investigation[END_REF]. More research is needed to explore and support students' variational and covariational levels of thinking in mathematics [START_REF] Basu | Examining Students' Covariational Reasoning Through Mathematical Modeling Activities Embedded in the Context of the Greenhouse Effect[END_REF][START_REF] English | Fifth-grade students' quantitative modeling in a STEM investigation[END_REF]. Considering such studies, the purpose of this research is to reveal the relationship between students' variational and covariational reasoning levels and their quantitative reasoning in a learning environment based on STEM activities.

Theoretical framework

Quantitative Reasoning and Quantification

Quantitative reasoning, as defined by [START_REF] Thompson | Quantitative reasoning and mathematical modeling[END_REF], involves reasoning about quantities, relationships among quantities, and the emergence of new quantities and relationships arising. [START_REF] Weber | Six Principles for Quantitative Reasoning and Modeling[END_REF] state that it enables students to engage in mental actions of determining, associating, manipulating, and utilizing quantities in mathematical problems.

Quantification is the process of conceptualizing an object and an attribute of it so that the attribute has a unit of measure and the attribute's measure entails a proportional relationship (linear, bilinear, or multilinear) with its unit. (Thompson, 2011, p. 37) [START_REF] Thompson | Fractions and multiplicative reasoning[END_REF] specified that the process of quantification provides a means to comprehend scientific processes and understand how they can be measured. [START_REF] Thompson | Quantitative reasoning and mathematical modeling[END_REF], building upon quantification concept, highlights the strong connection between science and mathematics education, stating that students need to employ quantitative reasoning to develop problem-solving strategies for real-life situations. [START_REF] Thompson | Quantitative reasoning and mathematical modeling[END_REF] explored variation and covariation in quantitative reasoning, examining how students understand quantities and the relationship between changing quantities. Variational reasoning involves interpreting the change of a quantity over time and it may be set forth as follows: while x represents the value of a quantity, it is the estimation of the status with respect to the change of the value of such a quantity, namely its different values in different moments of time [START_REF] Thompson | Quantitative reasoning and mathematical modeling[END_REF]. As for covariational reasoning, it involves considering the simultaneous change of two quantities [START_REF] Carlson | Applying covariational reasoning while modeling dynamic events: A framework and a study[END_REF][START_REF] Thompson | Variation, covariation, and functions: Foundational ways of thinking mathematically[END_REF] and could be stipulated as "cognitive activities involved in coordinating two varying quantities while attending to the ways in which they change in relation to each other" (Carlson et al., 2002, p. 354). [START_REF] Thompson | Variation, covariation, and functions: Foundational ways of thinking mathematically[END_REF] present frames for variational and covariational reasoning levels. Variational reasoning levels consist of smooth continuous variation, chunky continuous variation, gross variation, discrete variation, no variation, and variable as symbol. The person at the smooth continuous variation level thinks of variation of a quantity's or variable's value as increasing or decreasing (hereafter, changing) by intervals while anticipating that within each interval the variable's value varies smoothly and continuously while the person at the chunky continuous variation level thinks of variation of a variable's value as changing by intervals of a fixed size. The person at the gross variation level envisions that the value of a variable increases or decreases but gives little or no thought that it might have values while changing. Covariational reasoning levels consist of smooth continuous covariation, chunky continuous covariation, coordination of values, gross coordination of values, precoordination of values, and no coordination symbol. The person at the chunky continuous covariation level envisions changes in one variable's value as happening simultaneously with changes in another variable's value, and they envision both variables varying with chunky continuous variation while the person at the coordination of values level coordinates the values of one variable (x) with values of another variable (y) to form a discrete collection of pairs (x, y). The person at the gross coordination of values level forms a gross image of quantities' values varying together (this quantity increases while that quantity decreases) (p. 441).

Variational and Covariational Reasoning

In using these frames, [START_REF] Thompson | Variation, covariation, and functions: Foundational ways of thinking mathematically[END_REF] emphasize the need for researchers to clarify and identify the students' levels. Educators are also encouraged to utilize multiple representations such as formulas and graphs, to help students conceptualize quantities through variational reasoning and covariational reasoning [START_REF] Frank | Examining the Development of Students' Covariational Reasoning in the Context of Graphing[END_REF]. Furthermore, it is important to provide opportunities for students to discover their current levels and facilitate learning [START_REF] Basu | Examining Students' Covariational Reasoning Through Mathematical Modeling Activities Embedded in the Context of the Greenhouse Effect[END_REF] since there is limited research in the relevant literature that focuses on integrating mathematical and scientific concepts through quantitative, variational, and covariational reasoning. Most studies have investigated the role of covariational reasoning in enhancing students' mathematical reasoning skills. However, this study also emphasizes the levels of variational and covariational thinking alongside quantitative reasoning.

Research methods

The teaching experiment conducted in this study involved two STEM activities designed to develop quantitative reasoning skills. The activities were carried with three voluntary 7th grade students. The implementation lasted six sessions of 40 minutes each and focused on solid and liquid pressure. The first activity involved tasks such as identifying the quantities influencing solid pressure, establishing the pressure formula by connecting these quantities, drawing graphs for the relationships between pressure and other quantities, analyzing these relationships numerically, and designing a shoe. In the second activity, the students were tasked with determining the relationship between quantities affecting liquid pressure through a simulation and then drawing a chart to categorize underwater camera materials based on insights gained from simulation. Prior to the implementation, the participants had limited knowledge about quantities and their relations to solid/liquid pressure, as well as the concept of mass and weight. Qualitative data for the study were collected through worksheets, audio/video recordings, computer screen recordings and researcher observation notes. During data analysis process, the findings regarding variational and covariational reasoning were categorized according to the levels, and the quantification process of solid and liquid pressures was determined by examining the findings emphasizing the covariational relationship of quantities. Also, the impact of these levels on formulating graphs and charts for solid and liquid pressure was analyzed.

The first activity: Shoe design

This activity involves students designing a shoe suitable for playing swamp football. First, the students are expected to discuss why shoe pressures should differ and the factors affecting the quantity of pressure. The aim is for the students to discover that the concept of solid pressure is dependent on force and surface area quantities, and by discovering the relationships these quantities, to reflect their inferences regarding such relationships as a result of the quantification process.

Once it was established that weight is one of the quantities influencing pressure the students recognize the relationship between weight and force using the kitchen scales and the force sensor of a robot (LEGO EV3) in a manner that would enable them to discover the relationship between the weight and force. Following the study of weight, studies of surface area were initiated. Different soles were presented, and the students were prompted to provide comments regarding the pressure that individuals of the same weight would make on the ground. By linking pressure with force and surface area, the students tasked with interpreting the relationship among pressure, force, and surface area and as well as drawing graphs.

The second activity: Underwater cameras

In this activity, students were tasked with preparing a chart for manufacturer underwater cameras based on the materials suitable for different depths of use and, making recommendations to the manufacturer based on the chart. It is expected to discover the quantities affecting the liquid pressure through the simulation at https://phet.colorado.edu/sims/html/under-pressure/latest/under-pressure_en.html and to find out a formula for liquid pressure. Moreover, the students are intended to discover the liquid pressure's relationship with the quantities of density and depth.

During the implementation, the first step is to establish the relationship regarding liquid pressure and different depths, densities, and gravities. Then, the students are informed with respect to three material types and the pressure range in which they can be used: plastic bags can be used in the range of 0 and ~50 kPa, polycarbonate can be used in the range of 0 and ~400 kPa, and aluminum can be used in the range of ~400 kPa and more. Afterward, it is asked to construct a chart indicating the appropriate material for an underwater camera based on the depth at which it would be used.

Findings

Regarding the shoe design, the students firstly discussed the quantities affecting the solid pressure and specified that the pressure applied on the ground would increase as the weight increased.

Researcher: I stepped on the ground with the same shoe, then one of you stepped. So what? Student 2:

It has something to do with weight, or mass. When we have high mass, our foot goes deeper into the ground. When our mass is light, we stand at a higher level.

Having discovered relationship between weight and force via robot students continued to discuss.

Student 1: When the area increases, sinking decreases. Student 3:

Then, the area of our shoe will increase.

Student 3 emphasized the need to keep the surface area wide to decrease the pressure. When asked about how to calculate solid pressure, the students answered as follows: Student 1:

We said that the pressure increases as the force increases. Student 3:

If we increase the force, the pressure doesn't increase when we divide. It again decreases. Researcher: So? Student 2:

What if we divide the force by area? Based on their interpretations at the level of gross coordination of values, the students conducted numerical tests on the formula shown in Figure 1, which they developed during the process of quantification of the solid pressure. Initially, they examined whether the pressure increased as the force increased while keeping the sole area constant. They checked whether the pressure decreased as the sole area increased while keeping the force constant. Upon verifying the accuracy of their inferences through numerical results, they concluded that the pressure was calculated by dividing the force value by the sole area value. They determined the unit pressure as N/m 2 (Newton/ square meter). When the students were asked to draw the graph of pressure and surface area, they formed the line chart by making calculations at the level of coordination of values (Figure 2). The students made interpretations (see below) at the level of chunky continuous covariation with respect to this graph. At the final stage, students formed a shoe design in the direction of their inferences.

Researcher: What if I make the surface area smaller? Student 3: It would be higher than 25. Student 2:

There is an increase. Researcher: How? Can you show it? Student 2:

There would be an increase. And then there would be a decrease. [Student 2 primarily furthers the line upwards from the point of (2, 25). Then, she furthers the line downwards from the point of (8, 6.25).]

In the second problem, the students, working on simulation, observed the quantities of depth, density, and gravity and specified that the pressure was increasing or decreasing when any of these quantities were increasing or decreasing. As with solid pressure, they found how the liquid pressure would be calculated. Following interpretations at the level of gross coordination of values, the students were asked to form a chart (Figure 3) with respect to the materials to be selected in the production of underwater cameras as per the depth of their use. In order to indicate the selection of materials as per depth, they formed their charts through studies at the level of chunky continuous variation by increasing the value of depth by 5. They were asked different depth values and required to think about this circumstance. The students discussed how they could form a comprehensive chart encompassing all the values.

Student 1:

If we write all the numbers, it is being too much. Researcher: How? Student 1:

Can we round-up? What if we also cover the halves? Student 2:

What if we write 1.5-2? Researcher: When would you pass on to polycarbonate in terms of depth? Student 2:

After 5 meters. Student 1:

If the plastic bag pressure is between 0 and 50, then between 1 and 5 meters… Student 2:

We may call this point "5 meters", and before 5 meters. Then we put a check mark here. We use polycarbonate or aluminum after 5. Sorry, polycarbonate at 40 meters and before that, and then 40 meters, and so on… Thus, the students formed the chart and column chart in Figure 4 through investigation at the level of smooth continuous variation. In the chart formed for the selection of material, students stated that plastic bags are required to be used before 5 meters, polycarbonate and aluminum are required to be used after a depth of 5 meters, and only aluminum may be used for a depth greater than 40 meters. In addition, they formed the column chart indicating the relationship between depth and material through the inclusion of all the values. Students made a study at the level of smooth continuous variation by emphasizing continuity by drawing a zigzag on the vertical column in Figure 4. Thus, the students finalized their study by specifying that both chart and column chart may be used for the cameras to be produced.

Discussions and results

This study discusses the relationship between students' variational and covariational reasoning levels and their quantitative reasoning in a learning environment based on STEM activities. The study showed that STEM environments have provided a space for students to engage in these three thinking processes and highlighted the importance of these three reasoning in STEM education. It suggests that incorporating them into learning activities can enhance students' mathematical and scientific thinking. The study findings indicated that the students successfully discover and understood the relationships between quantities and their effects. They demonstrated variational and covariational reasoning at different levels, and that they showcase their comprehension of the quantification process and its application in real-life problems. It was observed that students' levels emerged hierarchically, and lower-thinking was necessary for higher-level interpretations. Similarly, to the study conducted by [START_REF] English | Fifth-grade students' quantitative modeling in a STEM investigation[END_REF], the students primarily engaged in gross coordination of values when making covariational reasoning, focusing on the increase and decrease of interrelated quantities. Based on their comments at this level, the students determined the appropriate operation (multiplication and division) in solid and liquid pressure formulas and identified whether the quantities in this formula acted as multipliers or divisors. Since formulating these concepts is part of the quantification, the students' covariational reasoning level significantly influences this process [START_REF] Thompson | Fractions and multiplicative reasoning[END_REF]. Additionally, they form line and column charts to visualize the variations in quantities, considering their increase and decrease [START_REF] Panorkou | Integrating math and science content through covariational reasoning: the case of gravity[END_REF]. Thus, interpretations at gross coordination level have a significant impact on various aspects of the solution process, including establishing the formulas, forming visual representations, and recognizing the relationship between mathematics and science through covariational inferences [START_REF] Ellis | The influence of reasoning with emergent quantities on students' generalizations[END_REF]. Therefore, in this study, gross coordination of values level plays a key role in the quantification process. Furthermore, the graph that needs to be drawn in the given problem provided an opportunity for the students to explore their thinking at more advanced levels, and they made interpretations at the level of chunky continuous covariation. Additionally, studies focusing on chunky continuous covariation suggest that quantitative reasoning provides students with a pathway to develop an understanding of life sciences concepts [START_REF] Basu | Examining Students' Covariational Reasoning Through Mathematical Modeling Activities Embedded in the Context of the Greenhouse Effect[END_REF]. Thus, the context of the problem used is important in facilitating the effective integration of variational and covariational reasoning and enhancing students' quantitative reasoning.

In the second problem, the construction of the chart is influenced by variational reasoning, which involves observing changes in quantity, as described by [START_REF] Torok | Development of the concept of statistical variation: An exploratory study[END_REF]. In this case, the focus is on selecting materials for underwater cameras based on variables rather than specific values. Consequently, it is observed that variational reasoning levels play a significant role in generating multiple representations within the quantitative reasoning process.

Although this study revealed that middle school students are capable of engaging in advanced levels of covariational reasoning, it is believed that this ability is dependent on the process of quantification. The students' proficiency in covariational reasoning can be viewed as a natural outcome of the tasks that involve constructing representations and the probing questions posed by the teacher to encourage deeper thinking and understanding. Furthermore, this study demonstrates that students' involvement in quantitative reasoning through STEM problems and their engagement in variational and covariational work at different levels serve as a bridge between mathematics and science education. When considering quantitative reasoning as a comprehensive process that encompasses establishing relationships between quantities, making decision on operations, forming and interpreting of representations, and quantification, it becomes evident that students' levels play a significant role each aspect. Quantitative reasoning conducted in STEM activities allowed students to enhance their mathematical understanding through representations by facilitating their variational and covariational thinking regarding the concept of pressure and related quantities. Additionally, this study also provides evidence for the significant role of quantitative reasoning, variational thinking, and covariational thinking in the development of understanding in solid and liquid pressure concepts. Through the implementation of STEM activities, it becomes possible to examine students' levels within the quantitative reasoning process and to observe how these levels influence problem-solving. Therefore, STEM activities which support the quantification process provide an appropriate environment for examining and improving variational and covariational reasoning levels. It is recommended that educators leverage STEM activities to foster the development of students' variational, covariational, and quantitative reasoning skills in a related way.
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