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Abstract 
This study examined the advantages of an animated sorting algorithm for both teaching and learning 
objectives. Here, to visualize merge sort and quick sort, a web-based application was constructed. The UI 
will contain options to select one of the sorting algorithms which were implemented and several items or 
elementsinthedataarray,controlbuttonstostart,pause,andnavigatetopreviousornextstepsalongwith 
anoptionforsortingspeedandcolormode.Thedataarrayoftheselectedsizewillbefilledinwithrandomly 
generated unique values. The data set is represented as a vertical bar with the height of their respective 
values. After the sorting is started, the stepwise arrangement of data in ascending order based on their 
value/height will be visualized in the UI. 
KeywordsandPhrases:SortingAlgorithm,DataArray, InformationTechnology(IT),UserInterface(UI), 
JavaScript (JS), Personal Computer (PC), Algorithm Visualizer (AV). 

 

1. Introduction 
InformationistheITbusiness'mostsought-afterproductrightnow.Datamanagementandmeaningfuldata 
organization are just as important as data collection and storage. Data organization helps us to arrange the 
data in order so that we can read and work on that easily. Dealing with unorganized or raw data is 
cumbersome and takes huge amount of time to extract knowledge from it. 

 

 
Figure1.1:8stepsinthedatalifecycle. 
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This data life cycle helps us to understandthe stages through which data goes, inorder to beinterpreted 
judiciously.Thedatalifecycleiscommonlydepictedasacyclesincetheknowledgeacquiredandinsights 
from a previous data project typically influence the next one. Thus, the concluding stage of the process 
provides input to the initial step. Data organization is also a part of this cycle which encloses collection 
and processing stages of the lifecycle. Below is the figure of the same.

 

 

Organizing of data consist of sorting of data, which provides a proper structure to the data making it 
comparabletoanothersetofdata.Forexample,ifweopenfileexploreronyourPC,youmayseefileswhich are sorted 
according to different categories. This is because searching in sorted data is more efficient and efficacious 
than in not sorted ones. As we faced the problem in understanding the working of sorting algorithms, 
somewhere we understood that the visual representation is t
[4].Now,let’simaginewehaveadatabaseofmillionsofcustomerentriesandweneedtosortthembytheir 
firstname.Inordertodothis,wecoulddividethedatabaseintosmallerpackets,sortthosepacketsseparately and then 
merge those packers again into a sorted database. This technique is quite simple to explain to someone in 
conversation. But more advanced algorithms, like quick sort, which requires data point to be moved around 
a pivot point, requires strenuous efforts to understand using text al
individuals, we made our animations through various technology media, in a web based format. Instead of 
installingsome additional software or setup some tools, it helpsusers to detachfromthis source of anxiety. It 
is made using React JS. 

 
 

2. LiteratureReview 
Themainobjectiveofsortingalgorithmvisualizersistoprovideavisualrepresentationofthesortingprocess, 
thereby assisting users in comprehending how various sorting algorithms operate. This review aims to 
examine the effectiveness of sorting algorithm visualizers in enhancing understanding and knowledge 
retention by analyzing the diverse studies and research conducted in this area.

 
As we all know, visual representation of a difficult task can alleviate our stress so t
in a much better way. Similarly with sorting algorithms, it would be much easier for students to understand 
the functioning of algorithms through visualization [5]. This can be done by constructing an application to 
understand sorting as is the key component of Data Structures and Algorithms and it gets complicated and 
forthestudentstounderstandthewholealgorithmandcodeforthefirsttime.Thisprojecthelpsbeginnersto visualize 
the algorithms so that our brain can understand faster and ret
interactivealgorithmvisualizationforhybridmobileapplication(INAVOHMA)wasproposedtohelpanIT 
studentlearnthesubjectofDataStructureandAlgorithm(DSA).[10].In2017,agroupofpeopleconstructed 
DAVE,aweb-baseddynamicalgorithmv
students’ learning about basic algorithms. DAVEmakes it easyfor students to experiment with spreadsheet 
algorithms by allowing them to modify both code and data. The presentation of preliminary res
evaluation study provided evidence of the usability of the system and its potential to support students' 
developmentofeffectivementalmodelsofcoresetalgorithms[7].Inaddition,newfeaturescanbe

This data life cycle helps us to understandthe stages through which data goes, inorder to beinterpreted 
judiciously.Thedatalifecycleiscommonlydepictedasacyclesincetheknowledgeacquiredandinsights 

pically influence the next one. Thus, the concluding stage of the process 
provides input to the initial step. Data organization is also a part of this cycle which encloses collection 
and processing stages of the lifecycle. Below is the figure of the same. 

Figure1.2: DataorganizationProcess. 

Organizing of data consist of sorting of data, which provides a proper structure to the data making it 
comparabletoanothersetofdata.Forexample,ifweopenfileexploreronyourPC,youmayseefileswhich are sorted 
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than in not sorted ones. As we faced the problem in understanding the working of sorting algorithms, 
somewhere we understood that the visual representation is the vital part of the studyingprocess 
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into a sorted database. This technique is quite simple to explain to someone in 
conversation. But more advanced algorithms, like quick sort, which requires data point to be moved around 
a pivot point, requires strenuous efforts to understand using text alone. In order to appeal comprehensive 
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developmentofeffectivementalmodelsofcoresetalgorithms[7].Inaddition,newfeaturescanbeintegrated 
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in order to expedite the process of learninglike a step-by-step visualization of thesortingprocess [8] where 
theusercanlearnhowdataisbeingsortedateachstepandhowwearegettingthesorteddataasafinalresult. 
ThiswillmotivatestudentstolearnfromsuchtypeofAV’smoreandwillaidthemitspracticalimplications and 
educational benefits too. Also a comparison can be set between two different algorithms on their 
performances,utility,etc.Thiswaystudentscanimplementanewcustomizablealgorithmvisualizationtool 
whichwillhelpthemtounderstandanyalgorithmwhilekeepingthemmotivatedandinterestedinthelearning 
process [19]. Even professors can use different AV’s to teach people in classrooms. This will aid professor 
tomakestudentsunderstandsortingalgorithmsanditsprocessinaneasierwaywhilestudentscanlearnand retain 
knowledge faster and for a longer period of time through its visualization [2]. 
Although sometimes it is not necessary that students will really understand everything through just 
visualizing it. By just seeing the representation of the process, there is an uncertainty if students are really 
understanding it or not as they are not actively involved in the entire process, except some. Keeping this in 
mind, gamification of AV’s started taking place. The 2022 study used the Sorting Algorithm Serious Game 
to allow students to learn four sorting algorithms: bubble sort, selection sort, insertion sort, and quick sort. 
Students completed self-guided lecture material in a serious game, then refreshed their learning with a 
visualizer, and finally reinforced their learning with a serious sorting game. An experimental group 
challenged with sorting algorithm games outperforms a control group that learns without a serious game. 
Game-based learning provides students with a positive learning experience that can improve learning 
performance. Combined with technology such as VR headsets as a future innovation, this would be a niche 
factortocreateimmersivelearningthatengagesstudentsandenhancestheirlearninginavirtualenvironment. The 
idea would not only help students and learners better understand the concepts of algorithms, but also 
provideaninnovativewayforteachersandtrainersandenhancetheirlearninginavirtualenvironment[15]. 
Similarly,tochangetheperceptionofthissubjectfromcomplexandhardtograsp,tointerestingandfun.In 2021, a 
group of people implemented a work which aims to engage the students by providing self-paced hands-
onexperience,funfilledgamesthroughmazesandpatternsandinteractive,perceivablevisualizations for their 
better concept understanding of various algorithms. The work presently focuses on path-finding, sorting and 
CPU scheduling algorithms as these are the most widely taught and used algorithms in the computer 
science domain. The idea would not only help the students and learners get a better hold on the concepts of 
algorithms but also provide an innovative way for teachers and educators to portray their ideas more clearly 
and interactively through to the students [18]. Algorithmic visualization, an attempt to solve a problem, has 
recently grown into a playful visualization that should be able to engage learners longer and more intensely. 
However, integratingalgorithmvisualization, game elements andinstructional design is not a trivial task as it 
requires careful planning. Therefore, a conceptual model of how algorithmic learning instructions, 
algorithm visualization and gamification improve learning outcomes was developed. While curriculum is 
about developing the best learning strategy, visualization algorithms work as a cognitive 
supportproviderandgamificationworksforengagement.Bothcognitivesupportandengagementmoderate study 
instructions related to improving learning outcomes. During the design process, the principles and elements 
of the three domains must be considered to create an artifact that can fulfill the basic functions of 
eachdomain.Afterthat,anartifactfunctioningasanimplementationofthemodelwasbuilt,whichconfirms whether 
the idea of integrating algorithm visualization and play into instruction algorithms is sufficiently capable of 
improving learning outcomes. Based on thelearningresults of the respondents, it was found that the artifact 
can significantly improve the procedures of the students, which indicates their increased ability to solve the 
sorting algorithm tasks. [16]. 
Moreover,AV’sarehelpingespeciallyabled,herevisuallyimpairedstudents,tolearnaboutdifferentsorting 
algorithms. This can be achieved by integrating specific sounds with the sorting algorithm program. As the 
program accesses a value being sorted, the program plays a tone whose pitch is scaled to that value's 
magnitude.Intheresultingsonifications,onecan(inrealtime)hearthebehavioraldifferencesofthedifferent sorting 
algorithms as they run, and directly experience how fast (or slow) the algorithms sort the same 
sequence,comparedtooneanother.Thiswillaidstudentswithvisualimpairmentstostudyaboutalgorithms [11]. 
InordertobelievetheefficacyoftheAV’sdifferentexperimentswereconductedandresultswereestablished 
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by comparing the novel visualization techniques with the traditional ways of teaching algorithms and data 
structures[20].Also,asystematicmeta-studyof24experimentalstudiespresentedawaytobetterunderstand 
theeffectivenessofAlgorithmVisualizer(AV)technology.Theypursuedtwoseparateanalyses:ananalysis of 
independent variables, in which we tie each study to a particular guiding learning theory in an attempt to 
determinewhichguidingtheoryhashadthemostpredictivesuccess;andananalysisofdependentvariables, which 
enables us to determine which measurement techniques have been most sensitive to the learning benefits of 
AV technology [12]. 

 

 

3. Scope 
Asortingalgorithmsvisualizer'sscopewouldnormallyincludetherangeofalgorithmsthatitcanimplement and 
visualize, as well as the level of information and customization that users have access to [14]. Here are 
some key factors that will influence the visualizer's scope: 

 
A variety of sorting algorithms should be implemented and visualized by the visualizer, here quick sort and 
merge sort. 

 
A) Detail level: 
Thevisualizershouldgivemultipledegreesofdetailtomeettheneedsofdifferentusers.Someviewersmay chooseto 
viewthefull sortingprocess stepbystep, but others mayprefer to concentrate on specific aspects 
ofthealgorithm'sbehavior,suchasthecomparisonandswapoperations.Toachievetheserequirements,the 
visualizer should provide options for adjusting the amount of information. 

 
B) Customization: 
Thevisualizershouldallowuserstotweakthesortingalgorithmstosomeextent.Usersshouldbeabletoadd 
theirowndatasetstobesortedandchoosetheorderinwhichthealgorithmssort thedata[19]Forexample, 
usersshouldalsobeabletotailorthepaceofthesortingalgorithmandthevisualdisplaytotheirpreferences. 

 
C) Platformsandlanguages: 
To guarantee most extreme client openness, the visualizer ought to be accessible on a scope of stages and 
programming dialects. The visualizer, for instance, ought to be accessible as a web application that is 
compatiblewithawiderangeofoperatingsystems,includingWindows,Mac,andLinux,aswellasthemost recent 
versions of web browsers.The visualizer oughtto likewise be made in notable programmingdialects like 
JavaScript, Python, and Java, which are widely utilized in the programming local area. 

 
Asortingalgorithmsvisualizer'soverallscopewouldincludeofferingawideselectionofsortingalgorithms, 
multiple degrees of information to suit different users, customization possibilities, and accessibility across 
different platforms and programming languages. 

 

 

4. ProposedMethodology 

The first thing that needs to be done is to look into the sorting algorithm visualizers and other tools that are 
relatedandfindanypotential market gaps.Thedevelopment of adistinctive, useful,andvaluablevisualizer for 
users would benefit from this information. The visualizer's specific features and functionalities should also 
be defined and a detailed development plan should be developed. We are using ReactJS to build the 
project's frontend because it has cutting-edge functionality that allows UI interactions to communicate with 
JavaScript-drivenpagesinrecordtime,savingustimebyavoidingfullpagereloads.Thecodealsoresembles a 
Model-View-Controller architecture where sorting algorithms works as “Model”, JavaScript as 
“Controller”and“HTMLUserInterface”asaview.Belowisthediagramshowingtherelationship between 
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thethreeofthem. 
 

 

 
 

 
Thedevelopment ofthevisualizer's user 
creatingadatamodeltosupportthesortingalgorithmsanddesigningthevisualizer'slayoutandinteractions. 
Thedatamodel ought tobecapableofstoringdatasetssuppliedbytheuser, sortingthedatausingavariety of 
algorithms, and displaying the sorted results in a way that is simple to comprehend. When the UI and 
information model have been created, the subsequent stage is execute a scope of arranging calculations in 
the application and its interactivity with the user 
delineatethearrangingsystemandcomposingcodetodealwitheverycalculation.Clientsoughttolikewise have the 
option to redo the arranging system and sort various kinds of information utilizing the execu

After the visualizer has been developed, numerous tests would be required to identify any issues or bugs. 
This would entail running the visualizer with a variety of data sets and algorithms and testing the user 
interface and experience. Any issues th
visualizeriseasytounderstandandproceedstruetoform. Itispossibletoputthevisualizerintoproduction after it 
has been thoroughly tested and all issues have been resolved. To keep the visualizer u
compatible with changes to the underlying technologies, regular maintenance should be performed. The 
visualizer might should be refreshed to help newarranging calculations or information types, and the UIor 
execution issues may likewise shoul

 

 

5. DesignandImplementation
The design and structure of the application has remain unchanged even if the back
midwayoftheimplementation.TheGUIoftheapplicationconsistsof6componentswiththeirownfeatures. 
Thepanelisaspacewherethesortingalgorithms,heremergesortandquicksort,arevisualizedwiththehelp 
ofbargraphsservingasindividualdata[1].Thenavigationpanelwillconsistofsortingalgorithmselections 
andtheircomparison.Thistypeofvisualizationhelpsuserstoselectalgorithmsoftheirchoiceandt
that algorithm functions. Before starting with the animation, the user requires to select an algorithm. 
Belowthepanel,wherethesortingalgorithmisvisualized,theuserwillgetthreebuttons:sort,resetandnext.

Figure4.1:MVCArchitectureDiagram. 

Thedevelopment ofthevisualizer's user interfaceanddatamodel wouldbethe nextstep.Thiswould entail 
creatingadatamodeltosupportthesortingalgorithmsanddesigningthevisualizer'slayoutandinteractions. 
Thedatamodel ought tobecapableofstoringdatasetssuppliedbytheuser, sortingthedatausingavariety of 

orithms, and displaying the sorted results in a way that is simple to comprehend. When the UI and 
information model have been created, the subsequent stage is execute a scope of arranging calculations in 
the application and its interactivity with the user [17]. This would involve fostering the fitting activities to 
delineatethearrangingsystemandcomposingcodetodealwitheverycalculation.Clientsoughttolikewise have the 
option to redo the arranging system and sort various kinds of information utilizing the execu

After the visualizer has been developed, numerous tests would be required to identify any issues or bugs. 
This would entail running the visualizer with a variety of data sets and algorithms and testing the user 
interface and experience. Any issues that are found ought to be settled instantly to guarantee that the 
visualizeriseasytounderstandandproceedstruetoform. Itispossibletoputthevisualizerintoproduction after it 
has been thoroughly tested and all issues have been resolved. To keep the visualizer u
compatible with changes to the underlying technologies, regular maintenance should be performed. The 
visualizer might should be refreshed to help newarranging calculations or information types, and the UIor 
execution issues may likewise should be tended to. 

Implementation 
The design and structure of the application has remain unchanged even if the back-end code was changed 
midwayoftheimplementation.TheGUIoftheapplicationconsistsof6componentswiththeirownfeatures. 

ethesortingalgorithms,heremergesortandquicksort,arevisualizedwiththehelp 
ofbargraphsservingasindividualdata[1].Thenavigationpanelwillconsistofsortingalgorithmselections 
andtheircomparison.Thistypeofvisualizationhelpsuserstoselectalgorithmsoftheirchoiceandt
that algorithm functions. Before starting with the animation, the user requires to select an algorithm. 
Belowthepanel,wherethesortingalgorithmisvisualized,theuserwillgetthreebuttons:sort,resetandnext.

interfaceanddatamodel wouldbethe nextstep.Thiswould entail 
creatingadatamodeltosupportthesortingalgorithmsanddesigningthevisualizer'slayoutandinteractions. 
Thedatamodel ought tobecapableofstoringdatasetssuppliedbytheuser, sortingthedatausingavariety of 

orithms, and displaying the sorted results in a way that is simple to comprehend. When the UI and 
information model have been created, the subsequent stage is execute a scope of arranging calculations in 

[17]. This would involve fostering the fitting activities to 
delineatethearrangingsystemandcomposingcodetodealwitheverycalculation.Clientsoughttolikewise have the 
option to redo the arranging system and sort various kinds of information utilizing the execution. 

After the visualizer has been developed, numerous tests would be required to identify any issues or bugs. 
This would entail running the visualizer with a variety of data sets and algorithms and testing the user 

at are found ought to be settled instantly to guarantee that the 
visualizeriseasytounderstandandproceedstruetoform. Itispossibletoputthevisualizerintoproduction after it 
has been thoroughly tested and all issues have been resolved. To keep the visualizer up to date and 
compatible with changes to the underlying technologies, regular maintenance should be performed. The 
visualizer might should be refreshed to help newarranging calculations or information types, and the UIor 

end code was changed 
midwayoftheimplementation.TheGUIoftheapplicationconsistsof6componentswiththeirownfeatures. 

ethesortingalgorithms,heremergesortandquicksort,arevisualizedwiththehelp 
ofbargraphsservingasindividualdata[1].Thenavigationpanelwillconsistofsortingalgorithmselections 
andtheircomparison.Thistypeofvisualizationhelpsuserstoselectalgorithmsoftheirchoiceandtoobserve how 
that algorithm functions. Before starting with the animation, the user requires to select an algorithm. 
Belowthepanel,wherethesortingalgorithmisvisualized,theuserwillgetthreebuttons:sort,resetandnext. 
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Figure6.1:Showsonepartissortedandotherisyettobesorted. 

 
Ifauser wantstosortthedatain onego,hererepresentedasbargraph,canusethesort buttonshowninthe figure 
above. The sorting will begin after clicking on the sort button. The visualization consists of 3 colors 
ofbars,blue,redandgreenwhicharedepictingunsorteddata,comparingdata,andsorteddatarespectively. 

 

Figure6.2:Showsthesecondpartstartedtogetsorted. 

 
If a user wants to reset the sorted data to random data, Reset buttons comes into play. On clicking the reset 
button, it will arrange the data in random order. Now the user can again use the sorting algorithm of their 
choice, here merge sort or quick sort, on that data. 

 

 
Figure6.3:Showsrandomizeddatasetafterclickingonresetoption. 

 
In order to understand each step in sorting process, a user can use “NEXT” button to sort the given data one 
by one. After the sorting process completes, the panel will show sorted data in green colored bar graph. 

Journal of Vibration Engineering(1004-4523) || Volume 23 Issue 12 2023 || www.jove.science

Page No: 6



 

 

 

 

Figure6.4:Showssorteddatasetafterthecompletionofsortingprocess. 
 
 
 

6. Unit Testing 
Unit A sorting algorithm visualizer's functionality as well as its user interface components are both tested 
during unit testing. 

 
Tousethenext and previous buttonsto move through thephasesofsortingoneat atime, aswell as thesort button 
that animates the sorting in one go, on the website that represents Merge Sort using bars: 

 
i. OpenthewebsiteinyourwebbrowserbyenteringtheURLintheaddressbarandpressingEnter. 

 
ii. Assoonasthepageloads,youshouldseeabar-interfacethatrepresentsandunsorted array. 

 
iii. Look for a "Sort" button on the page. Clicking this button should trigger an animation that sorts the 

array using the Merge Sort algorithmin one go. Note that the bars representing the array will move 
and rearrange themselves during this animation. 

 
iv. Lookfor“NEXT”and“PREVIOUS”buttonsonthepageifyouwouldwanttoproceedthroughthe 

MergeSortalgorithm’sstepsoneatatime.The“NEXT”buttonshouldshow thefollowingstageof the 
Merge Sort Algorithm, and the “PREVIOUS” button should show the preceding stage. 

 
v. Thearray –representingbars will change to reflect thecurrent phasein the Merge Sort algorithmas 

you click the “NEXT” and “PREVIOUS” button. As you processes through the processes and read 
the brief descriptions for each step for a better understanding, you might notice that the bars 
themselves move and rearrange themselves. 

 
vi. Press the “NEXT” or “PREVIOUS” button repeatedly until the array is completely sorted. Keep in 

mind that the “NEXT” button will become inactive once you reach the end of the steps, signifying 
that there are no more steps to display. 

 
vii. After the array has been completely sorted, you can take a minute to admire the Merge Sort 

algorithm’s visual depiction. You might also want to look at any extra options or features that the 
website provides, such the capacity to modify the dimensions or contents of the array being sorted. 
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7. Conclusion 
 

This research paper is a web based sorting algorithm visualizer application that helps in sorting the given 
array by applying different sorting methods, here consolidated sort and speedy sort. Arranging calculation 
visualizer are integral assets that assist us with acquiring bits of knowledge about how different arranging 
calculations work by giving a visual portrayal of the whole cycle With the assistance of this we can acquire 
a more profound comprehension of how they work and how various they are concerning productivity and 
speed. Besides, they can assist us with streamlining our code and work on its exhibition by distinguishing 
likely issues and inefficacies. By exploring different avenues regarding different information values we can 
acquire bits of knowledge to the qualities and shortcomings of the calculation which will assist us with 
knowing which sort of calculation is expected for our undertaking. 
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