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This study examines the use of virtual reality (VR) in programming, specifically in visualization of sorting methods. Addressing students’ needs to better understand and implement sorting methods, “VR sorting” application was developed to visualize the bubble sorting and selection sorting abstract methods in the VR environment. The effects of visualization were evaluated drawing on an extended taxonomy, specifically developed by the authors of this study. The results indicate that VR might significantly enhance students’ understanding of sorting tasks, further allowing them to employ these skills in practice. Specifically, 76.9% of students, who studied sorting methods in virtual environment drawing on “VR sorting” application, demonstrated higher outcomes in implementing sorting tasks. VR visualization of sorting methods, differs from existing ways of visualizing learning in the context of constructivism. Since VR allows the student to construct the algorithm himself directly interacting machine memory in the form of cells where the data is stored and managing the progress of sorting. These results shed some light to future research avenues on VR enabled constructive visualization.
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1. Introduction

Sorting is a basic concept in data analysis since arranging data in a certain order allows to optimize data processing. In Kazakhstan, the most easy-to-implement bubble sorting and selection sorting methods are generally taught at the undergraduate level within the “Algorithms and data structures” and “Programming” courses. However, the abstract nature of the sorting task and the simultaneous presence of several actions with unordered data make it difficult for students to fully comprehend the sorting methods. Thus, teachers apply various methods and tools: drawing sorting steps on paper; presentations and flowcharts, handouts, animation applications on a computer, dance videos, and mobile applications to visualize sorting algorithm (Bernát, 2014; Faria, 2017). The rise of modern digital technology has given unprecedented opportunities to visualize learning materials in augmented and virtual reality (Huang et al., 2017; Lim et al., 2022; Patil et al., 2022). Hence, learning effects of visualization using virtual reality has become subject of new research.

This study aims to test the effectiveness of visualization in VR for studying abstract concepts, specifically bubble and selection sorting methods. It is led by theoretical and empirical hypothesis.

Theoretical hypothesis of the research supposes that evolution of visualization as a teaching method is happening under the influence of global trends in education, initiated by the emergence of new technologies to implement the visualization effects.

The empirical hypothesis assumes that high level of visualization and direct interaction of students with objects in the VR environment provide better understanding of the sorting methods and develop their hard skills of solving practical problems in real life. In general, 150 undergraduate students in their first and second year of study of one of the regional universities of Kazakhstan participated in the study.


1.1. Procedure

The students of the control group studied sorting algorithms in an ordinary way by viewing presentations and drawing sorting steps on paper while solving practical tasks. The students of the experimental group were given an opportunity to solve tasks in the VR environment using the “VR sorting” application and the VR headset Oculus Quest 2. To evaluate students’ learning outcomes five practical tasks were specifically designed.




2. Literature review


2.1. Approaches to visualization of sorting methods

The studies on visualization of sorting methods draw on animation, game, and constructive approaches along with traditional approaches such as using paper and pencil for tracing. The application of each of these approaches to study sorting methods is informed by general trends in education as digitalization of content and teaching methods. It should be noted that an increasing interest among students in understanding and applying sorting algorithms has been influenced by the widespread study of algorithmization and programming courses within the educational programs of universities in computer science. At the beginning, students learnt about the implementation of sorting algorithms through traditional lectures, tracking the sorting process by drawing each step on the board (or paper, or presentation). In programming workshops, students were encouraged to visualize an outcome of each sorting step in accordance with the execution code and preferably with comments to better understand the realization of the sorting algorithm in fact (Mukasheva, 2013). The Table 1 presents an example of a step-by-step implementation of the sorting algorithm in descending order by the selection sorting method in C ++.



TABLE 1 The results of visualization of selection sorting methods when solving problems in the course “Programming in C ++.”
[image: Table1]

One of the visualization methods for learning sorting algorithms is by computer application, which visualizes the progress of sorting with animation effects (Visualization of Sorting Algorithms, 2013; Scanu et al., 2022). Animation displays the current and subsequent state of the algorithm in the form of different graphic images while accompanying it with sound. It is assumed that animation allows to better understand an inner process of the algorithm, such as moving an element in the right direction in sorting algorithms. In their study, Kerren and Stasko (2002) divide between two important aspects of algorithm visualization using animation: the connection of animation with the internal behavior of the algorithm and the visualization technique. The connection with internal behavior refers to the extent to which the animation of the algorithm credibly represents the abstractions and step-by-step operations (state) included in the content of the algorithm. In this regard, researchers of the study point to 3D animation of algorithms, auralization, and web deployment as the most promising areas in visualization technology. The studies note the positive impact of animation on understanding of sorting algorithms, however, there are also studies which state that animation application does not demonstrate a significant advantage in studying this topic (Faria, 2017). The disadvantage of this visualization is that the animation shows the movement of data but unable to explain why the movement occurs. The study maintained by Faria (2017) presents the preferences and wishes of students in the visualization of sorting algorithms. It was revealed that while visualizing sorting, students deemed it important to control the speed of animation, clearly separate sorting steps, change the color of elements when sorting conditions are maintained. The visualization with animation videos involving participation of humans demonstrates the use of play or active movement in learning sorting algorithms (Zoltán and László, 2011; Bubble Sort Dance, 2020). Perhaps this visualization approach would contribute to raise learning interest and motivation, as students would be able to independently replicate and test these movements and algorithms practically (Harvard, 2017).

Due to the widespread use of mobile technologies, mobile applications, which visually demonstrate sorting algorithms with animation effects, have emerged. These sorting apps generate a sequence of random numbers that can be sorted using touch interactions. The study by Boticki et al. (2012) note that a skillful combination of learning aims with game elements and a reward system (accumulation of points for correctly solved tasks) in mobile applications has a positive effect on motivation to study these methods independently without any teacher assistance at a convenient time for the student. The dynamic visualization with animation effects provides direct participation of students in the sorting process, which enables them to understand the implementation of the algorithm and draw conclusions about the sorting results.



2.2. Constructive visualization using virtual reality

The virtual reality (VR), which is one of the latest achievements in the field of digital technologies, provides completely different, new opportunities for visualizing real and abstract phenomena/processes in the form of a natural experience with the effect of immersion into a simulative environment. Rapidly developing and becoming more accessible, VR technology offers great opportunities to achieve visual experiences in both cost-effective and compelling ways. The developers draw significant attention to using holoportation and holographic techniques in VR in order to enhance the effects of reality (Park and Lee, 2022), which can initiate unprecedented opportunities for constructive visualization, as well as data visualization using VR for deeper understanding and information analysis (Lee et al., 2021). In fact, there are huge differences between the physical world and fuzzy abstract phenomena, but in the case of VR, the gap between “real” and mediated experience is getting smaller and smaller every year. “These two are not exactly alike, but VR is far more psychologically powerful than any media ever invented and poised to revolutionize our lives,” wrote (Bailenson, 2019), one of the leading experts on the use of VR in education.

The “constructive visualization” paradigm proposed by Huron et al. (2014) suggests creating an easy-to-use dynamic visualization that can interact with its components (tokens—blocks), adjust and design new visualizations. The idea of constructive visualization based on ideas of Piaget (1967) and Papert and Harel (1991) applies constructionist concepts to the design of information visualization and includes components such as token, grammar, environment, assembly model, accompanied by the processes of initialization, assembly, display, and updating of the visualization necessary for this approach. The authors of the study emphasize that one of the strengths of constructive visualization is its focus on the direct manipulation of tokens as primitives. This advantage of constructive visualization takes on a new character in learning using VR, since the high level of simulation and interaction in the VR environment allows students to feel the surrounding virtual world with various objects as in real world (Di Natale et al., 2020; Feyzi and Yasrebi, 2020). For example, the VR application “VR sorting” developed by us allows one to hold cubes with numbers in your hands, swap them in ascending or descending order. Research is increasingly showing that experiential learning with VR enhances students’ interests, motivation, and creativity (Dede, 1995; Dalgarno and Lee, 2009; Chan et al., 2011; Allcoat and Mühlenen, 2018; Huang et al., 2020; Cicek et al., 2021; Triana et al., 2021; Cassola et al., 2022; Sanzana et al., 2022; Shi et al., 2022; Yeh et al., 2022) used VR to teach dance, which recognizes movements. Learning by experience implies that new knowledge and hard skills are obtained experimentally, and first-hand acquaintance with phenomena and facts is the most viable and effective way of knowing and understanding the world. In this context, as well as in connection with the rapid spread of immersive technologies, constructive visualization may well become the leading paradigm in improving the quality and access to education.

All visualization methods (tracing, animation, and constructive VR visualization) are aimed at improving the understanding of sorting algorithms. Using the example of visualization of sorting methods, one can imagine the evolution of methods for visualizing educational material as a promising teaching method. The approaches to the visualization of sorting methods that we have considered allow us to distinguish three main types of visualization: static, dynamic, and constructive (Figure 1).

[image: Figure 1]

FIGURE 1
 Evolution of the main approaches to the visualization of learning material.


The static visualization implies a visual representation of one or more completed/intermediate states of a process or object. For static visualization, paper facilities, presentations, and mockups/frameworks of objects are generally used. The visualization of step-by-step selection sorting method as C++ code is an example of static visualization of sorting algorithm (Table 1).

Dynamic visualization of learning materials for training allows learners to visually track temporal and spatial changes in processes/phenomena and objects (Rolfes et al., 2020). Widely used nowadays, 2D and 3D animated videos, 360 video and augmented reality (AR) contribute to the visualization of many processes and phenomena difficult to realize in reality (Daher and Sleem, 2021; Abdul Hanid et al., 2022; Bobrovnikov et al., 2022; Paredes-Velasco et al., 2023).

The constructive approach is used in a variety of contexts in education. In programming education, a whole stage of design (development) is devoted to assembling or constructing modules of software and verifying their consistency with one another. Some elements of constructive visualization were mentioned in earlier studies by Vygotsky (1934), Piaget (1967), Papert and Harel (1991), and Wilson (1996). With the advancement of new learning tools, constructive visualization has got reinvigorated interest. Visualization of learning with VR or full immersion in the learning environment, which allows immediate participation in the processes and interactions with objects, differs from other ways of visualization as it facilitates the acquisition of new knowledge and develops practical skills drawing on one’s own experience (Jonassen, 1991).



2.3. Assessing the educational effects of visualization in VR

The outcomes of an evaluation of non-digital and digital learning games for teaching sorting algorithms presented in the studies suggest that non-digital games are more likely to focus on lower levels of learning taxonomy (remembering and understanding), while digital games with good visualization mostly get to the application level of learning process (Battistella et al., 2017). In evaluating the effectiveness of visualization, the impact of learning visualization on other types of learning activities, such as motivation, involvement and cooperation, plays a significant role (Hundhausen, 2002; Naps T. et al., 2003; Naps T. L. et al., 2003; Myller et al., 2009; Hayashia et al., 2013). The extended taxonomy by Myller et al. (2009), developed on the basis of the relationship between engagement and visualization, distinguishes the following levels of learning activities that can be an outcome of visualization exposure: No viewing, Viewing, Controlled viewing, Entering input, Responding, Changing, Modifying, Constructing, Presenting, and Reviewing. Another taxonomy developed by Ihantola et al. (2005) to evaluate the visualization of algorithms is aimed at defining various aspects of using audiovisual systems in education with less effort than the hardware and software details of the application system. The taxonomy of Ihantola et al. (2005) for evaluating the visualization of algorithms differs from learning style taxonomies in that it focuses on software rather than the learning process itself (Bloom, 1956; Kolb, 1984; Felder, 1996). These taxonomies can be applied together to deepen the understanding of which systems facilitate learning. To evaluate the effectiveness of visualization in “VR sorting,” an extended taxonomy was used, which includes components of the learning engagement taxonomy (Myller et al., 2009), the effective creation of visualization algorithms (Ihantola et al., 2005) and copyright components (Table 2).



TABLE 2 An extended taxonomy of evaluating the effects of visualizations with VR.
[image: Table2]

The levels of visualization effects of the extended taxonomy and their characteristics in accordance with Likert scale scores were used to evaluate learning outcomes using the “VR sorting” application (Appendix 1).




3. Research design


3.1. Procedure

As a tool, we have developed a virtual reality application—“VR sorting.” With VR sorting, students can sort the elements of a 10-element array using two methods. The bubble sorting and selection sorting methods are explained on the VR board. At the beginning of training, a menu appears on the VR board and a sorting method can be selected (Figure 2). After choosing a method, for example, selection sorting, each step of the sorting process is displayed on the board, if necessary, the review is repeated.

[image: Figure 2]

FIGURE 2
 Selection sorting method on VR board.


Next, students can use virtual hands to sort in the virtual environment. At each step, the student can pick up the cubes with numbers with one or two hands and swap them according to the sorting condition. Manual sorting in VR can be repeated multiple times, as the execution time and the number of repetitions are chosen by the student (Figure 3). If an error occurs, the sorting process restarts.

[image: Figure 3]

FIGURE 3
 Sorting process.


The Oculus Quest 2 headset was used to immerse into the VR. The “VR sorting” application was developed on the Unity 3D platform using the Oculus Integration package, the Visual Studio integrated development environment, the C # programming language and 3D models. 3D models are created using Blender 3D. The finished content is saved in apk. format file and downloaded to the headset. SideQuest app and USB cable used to download content to VR headset.



3.2. Participants

To test the empirical hypothesis of the study, two groups of students were selected. To study sorting methods, the VR sorting application was used in the experimental group of 78 students, and presentations and flowcharts were used in the control group of 72 students. The participants of the study are undergraduate students of the educational program “Informatics” of one of the regional universities of Kazakhstan at the age of 17–20 years. This study was reviewed and approved by the Institutional Ethics Committee of the K. Zhubanov ARU. This is a case study of one regional university that does not apply to students at other universities. Students who participated in the research received additional points in the course “Algorithms and Data Structures” and “Programming” in the semester ranking.



3.3. Methods

To determine the level of understanding of sorting methods and appropriate application skills, five tasks were developed (Appendix 2). Decisions Task 1 and 2 define two main indicators of the study of sorting methods. The first is related to how the student understands the conditions of the bubble sorting and selection sorting methods, the second indicator is whether the student correctly fulfills this condition for each new position (shift) or the current sort element. The key condition when using bubble sorting (Task 1, item 1.1) is to swap two elements that are next to each other in the sort direction. The condition of the selection sorting method is to find the smallest element of the list and swap the current and smallest element (Task 1, p.1.2). Difference Task 2 from Task 1, the sorting steps are not in order, the student matches the serial numbers to the corresponding sorting step (Figure 4).

[image: Figure 4]

FIGURE 4
 Example of solving Task 2.


Solutions of the following problems 3, 4, 5 (Appendix 2) also show the skills of using the learned sorting methods in practice. In particular, students completed tasks on the location of lakes, the areas of which began to change due to global climate change (In Wikipedia, 2021): sorting lakes by area size (Task 3); visual comparison to each of the lakes in the sorted list of the picture corresponding to it (Task 4); and visual matching to each of the area in the sorted list of the corresponding pattern of lakes (Task 5).

Responses were scored on a seven-point Likert scale, since it was required to define the correct responses for each sorting step. Responses on a seven-point scale are divided into four levels in accordance with the extended taxonomy of assessing the effects of visualization with VR (Table 2): “low”—1 point; “medium “—2 or 3 points; “good”—4 or 5 points; “high”—6 or 7 points (Appendix 1).




4. Results

The reliability and internal consistency of the tasks we developed were tested using Cronbach’s alpha. The value α = 0.816 confirms the reliability of test items. The inter-element correlation matrix (Table 3) shows the presence of a reliable correlation between tasks 1–5.



TABLE 3 Interelement correlation matrix according to Cronbach’s alpha.
[image: Table3]

Across all five tasks, an average score of the experimental group were higher than those of the control group (Table 4). Overall, Task 1 in the experimental group has the lowest standard deviation (M = 6.05, SD = 1.56), Task 2 in the control group has the highest standard deviation (M = 3.05, SD = 2.42).



TABLE 4 Mean and standard deviation.
[image: Table4]

Table 5 shows the data of the experimental and control groups on the levels of educational effects of visualization. Analysis of the results of solving Task 1 and Task 2 shows that students of the experimental group who studied sorting methods using VR better understand the conditions of the bubble sorting and selection sorting methods and correctly perform sorting. Accordingly, the proportion of students in the experimental group with results that correspond to a high level of visualization effect (6–7 points) according to the solution of Task 1 was 76.9%, Task 2–51.3% (Table 5; Figure 5).



TABLE 5 Indicators of the experimental and control groups by levels of visualization effects (Appendix 1).
[image: Table5]

[image: Figure 5]

FIGURE 5
 Results of implementation of Task 1 and Task 2.


The greatest contrast is observed in solving Task 2, as the difference in the results of students in the experimental and control groups who scored low (1 point) is 29.5%. At the same time, a significant portion of students in the control group (33.3%) had difficulty performing the sorting steps because Task 2 did not show the directions of transposition of elements according to the sorting condition, as in the answers to Task 1. In addition, students in the experimental group had the opportunity to repeatedly perform manual sorting in a highly visualized VR environment, which promoted not only a thorough understanding of the method, but also automaticity in sorting (Table 5; Figure 5).

In Task 3, the results of both groups demonstrated significant deviations in students’ responses, which correspond to low and high levels of effect visualization (Appendix 1; Table 5). In particular, the proportion of students in the experimental group, who scored 1 point in Task 3 is 2.6% while this indicator for the control group is 18.1%. The difference in responses of students in the experimental (62.8%) and control (40.3%) groups corresponding to 6–7 point (high level) was 22.5%. It is assumed that this contrast might be because of visualization on the visual attention of learners (Anderson et al., 2005; Johnson, 2013; Vecera et al., 2014). In the static visualization of sorting as a presentation, students in the control group primarily use cognitive resources to understand the abstract side of the task. In addition, visual resources are also used in parallel to compare numerical values of the data (lake area sizes). A manual analysis of the control group responses showed that, while sorting, students in the control group mostly paid attention to the first digits of a number, rather than its values.

The results for Task 4 and 5 showed that the number of students in both groups whose responses belong to the low (1 point) and medium (2–3 points) levels increased significantly (Table 5; Figure 6). Specifically, in Task 4, 41% of students in the experimental group, 65.3% in the control group scored 1–3 points. Similarly, in Task 5, 44.9% of students of the experimental group and 66.6% of students of the control group scored 1–3 points. Consequently, the proportion of students scored high (6–7 points) in Task 4 and 5 is significantly less than in the previous three tasks (Task 1–3; Table 5). This data show that students’ responses were influenced by other factors, such as knowledge from another field (e.g., geography) and the capacity to read visual information (e.g., drawings of lakes).

[image: Figure 6]

FIGURE 6
 Results of implementation of Task 4 and Task 5.


Further, Pearson chi-square (χ2) was used to define the static values of differences in the results of the experimental and control groups, as well as to confirm the validity of the obtained results (Rusyn et al., 2021; Roša and Lobanova, 2022; Yan et al., 2023). Using Pearson’s Chi-square test (χ2) requires acceptance of one, of the two hypotheses H0 and H1.


H0: VR visualization does not improve students’ understanding of sorting methods.

Н1: A high level of visualization and direct interaction with objects in the VR environment can provide students with a better understanding of sorting methods and development of hard skills in solving practical problems.
 

The calculation of χ2 for each of the five tasks confirmed the following: for Task 1—χ2exp = 18.271, p = 0.006; Task 2—χ2exp = 32.351, p = 0.000; Task 3—χ2exp = 17.752, p = 0.007; Task 4—χ2exp = 14.585, p = 0.024; and Task 5—χ2exp = 17.562, p = 0.007. If the degree of freedom ν = 6, then p ≤ 0.05, χ2crit = 12.592. For the asymptotic significance of each problem for p ≤ 0.05, the condition χ2exp > χ2crit is maintained, accordingly, the null hypothesis (H0) is rejected and the alternative hypothesis (H1) is accepted for all problems.



5. Discussion

The theoretical hypothesis of this study suggested that current trends in the educational space, new advances in technology, and other factors may have an impact on the evolution of visualization as a teaching method. Each of the three approaches to visualization of educational material we identified is directly related to specific period of time, for example, traditional paper-based visualization methods have been replaced over time by presentations, animations, and videos using various digital technologies (Figure 1). The evolution of the main approaches to visualization proposed by us is based on the analysis of various types of visualization of abstract sorting, represented by the bubble sorting and selection sorting methods. While this may represent the specific case of demonstrating the evolution of mainstream visualization approaches, the findings of a number of studies suggest that digital learning support has been increasingly initiating new approaches to visualization. In particular, Bishop and Lange (2005), Caserta and Zendra (2011), Hayek et al. (2016), Van Leeuwen et al. (2018), and Nasr-Azadani et al. (2022) noted that the combined use of effects such as 2D and 3D, 360 video and immersive VR could lead to new and more efficient ways of visualization. The prospects and emergence of new character of constructive visualization with the advent of VR has also been noted in the works of Di Natale et al. (2020), Feyzi and Yasrebi (2020), and Li et al. (2023).

One of the hard stages in pedagogical research is related to the assessment of the effects of technologies on learning (Sembayev et al., 2021). Visualization with VR provides more opportunities for learning than other types of visualization (Figure 1). Therefore, the taxonomies of Myller et al. (2009) and Ihantola et al. (2005) were expanded by including “Implementation,” “Adaptiveness,” and “Integrity” levels (Table 2). The inclusion of these levels in the assessment of visualization effects can be explained by the “constructive visualization” paradigm (Huron et al., 2014, 2016). The constructive visualization implies the active participation of the student in the visualization itself, accompanied by the processes of initialization of tokens (bricks with numbers), grammar (sorting conditions), assembly (sorting), visualization display, and updating (sorting steps) necessary for this approach. As in the taxonomy of Bloom (1956), Biggs and Collis (1982), and Bespalko (1989) and other more recent studies assessing the impact of digital technology on learning outcomes (Meyers and Nulty, 2009; Ryan, 2014; Mukasheva and Omirzakova, 2021), “Adaptability” and “Integrity” are also classified as high-level visualization effects with VR (Appendix 1).

In this study, extension of taxonomy allowed to gradually evaluate learning effects of visualization when solving 1–5 Tasks by students. Specifically, in performing the first three tasks, more than half of the students who studied sorting methods using VR showed results corresponding to a high level of visualization effects: Task 1–76.9%; Task 2–51.3%, and Task 3–62.8%. The correct definition of the sorting method and the clear performance of sorting steps without any errors by students of the experimental group demonstrate that visualization using VR contributed to a deeper understanding of sorting methods and confidently apply them in solving practical tasks. These results build on previous studies that have shown that VR helps improve student skills (Guzsvinecz et al., 2020; Li et al., 2022; Nugraha and Kosasih, 2022). However, the answers of the students of the experimental group to tasks 4–5 confirmed that in order to achieve a high level of effects that include Scope, Adaptability, Integrity, and visualization using VR for a wide range of tasks is required, rather than sorting methods. In this regard, this study aligns with the findings of the study conducted by Lee and Shvetsova (2019), which confirmed that VR contributes to developing a range of competencies.



6. Conclusion and future research

Educators have always been attracted to the visualization of learning material since it is one of the effective teaching methods. In this regard, digital technologies have contributed to the improvement of visualization. The evolution of visualization in learning (Figure 1) mapped in this study is one of the initial attempts to interpret existing ways of visualizing learning materials. This interpretation is not ultimate since visualization as a teaching method has been continuously evolving. Hence, further research is required to expand to research areas as 2D, 3D, and VR visualization using artificial intelligence (Nisar et al., 2021; Sabir et al., 2021a,b), as well as gesture learning visualization in VR environments and its recognition prospects (Huang et al., 2017; Bayegizova et al., 2022).

In line with previous research (Dai et al., 2023; Huang et al., 2023; Wang et al., 2023), empirical results demonstrate that VR allows to create a multifunctional training environment with high visualization and interactivity and helps to visually present the learning materials with abstract content and processes/phenomena. Moreover, the results of the study confirmed that a high level of visualization and direct action with the operated objects in the VR environment have a significant impact on students’ understanding of abstract concepts and processes such as sorting methods and contribute to acquisition of practical skills. The extended taxonomy used in this study (Appendix 1) allowed to evaluate the impact of visualization effects in VR on students’ knowledge and practice skills. The future research might develop criteria and characterize the levels of influence of the effects of visualization in VR on the cognitive abilities of learners.
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Task condition: Implementation of the sorting algorithm in descending order by the selection

sorting method in C-++

Code fragment in C++

cout<<"\n The source array:" ;
for (i=0; i<n; i++)
{ artfi]=random(30)%13-7;
cout<<" " <<ar[i];

cout<<"\n\n
started:\n";
for (i=0; i<n; i++)
£ max=arr[i]; Nmax=i
for (j=i+1; j<n; j++)
/1o find max and
Nmax
if (max<art[j])
{ max= art[j];
Nmax=j;

Sorting. has

bufer=art[i]; // saving the
first element of the array

artfil=max; // to send max
instead of the i-th element

// sending the saved i-th
element to the bufer instead of max

arf{Nmax]=bufer;

cout<<"\n "<<i<<"- step

for (k=0; k<n; k++)
cout<<" " << arr{k];

cout<<"\n\n Sorted array:";
i<n;i++)
cout<<"" << arrfi];

Visualization of the descending sort
algorithm

The source array:

4735474411

Sorting has started:

0-step :
1-step :
2-step :
3-step :
4-step :
5-step
6-step
7-step
8-step :
9-step :

Sorted array:
5441-1-1-3-4-77
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Myller taxonomy (2009)

Copyright
Thantola taxonomy (2005)
Copyright
Copyright

Controlling

Responding

Modifying
Constructing
Presenting
Reviewing
Implementation
Scope of use
Adaptability

Integrity

Visualization is considered, the student controls the visualization, for example, understands that

itis possible to move objects

Student understands that there are questions (or conditions) associated with visualization, tries

1o address these questions
Student makes changes to the original visualization

Student constructs his own version of the visualization, which differs from the original one
Student presents visualizations to others for discussion

Student revises the visualization to correct the previous version

Student implements his own version of visualization to achieve the final result

Student uses visualizations in a broad context

“The student uses visualizations to adapt to the conditions of a particular subject area

Student applies visualization for a full-fledged result
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