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An Experimental Analysis on the Unplugged Sorting Activity
for Computer Science Education

Youngki Park

Department of Computer Education, Chuncheon National University of Education

ABSTRACT

Sorting algorithms are the basic building blocks that computer science students need to learn. In recent years,
sorting algorithms also have begun to be taught in K-12 classrooms using “the educational sorting game” de-
scribed in CSUnplugged. However, although the educational sorting game was developed for students aged 8 and
up, it is hard for K-12 teachers to play with their students because it is difficult for teachers to understand all of
the algorithms and some popular algorithms do not work well in the educational sorting game. In this paper, we
discuss what teachers should know, and experimentally analyze the performance of the existing algorithms when
applied to the educational sorting game.
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<Table 1> The sorting algorithms ranked by their “popularity”, which is calculated as a number of documents retrieved
by their search keywords

#Doc. Algorithm #Doc. Algorithm #Doc. Algorithm
1,080,000 Quicksort(C) 103,000 Block sort (C) 19,700 Patience sorting (C)
873,000 Bubblesort(C) 59,000 Timsort (C) 18,300 Pigeonhole sort (N)
786,000 Mergesort(C) 58500 Library sort (C) 17,600 BinaryInsertionsort(C)
680,000 Insertionsort(C) 51,300 Odd-evensort(C) 13,600 Gnome sort (C)
454,000 Selectionsort(C) 38,600 Bogosort (O) 12,500 Binary tree sort (C)
307,000 Heapsort(C) 31,200 Strand sort (C) 10,500 Tournament sort (C)
215000 Radix sort (N) 24,600 Cycle sort (C) 10,100 Bitonic sorter (O)
151,000 Shellsort(C) 23,300 Introsort (C) 9,990 Stooge sort (O)
133,000 Bucket sort (N) 23,200 Combsort(C) 9600 Bead sort (O)
130,000 Counting sort (N) 20,400 Cocktail sort (C) 8960 Flashsort (N)
o2 Amsfojof & AAH AE dagFo] FAUXA ot gk Ao Aoy FAE Ale =4 gl T=E
Adelsta, olF 7tE2AE Aol TIHJAAE A5 AHESEe] Eolshe AoR Tt dF 5o 6719
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Avg. # of Comparisons for the Selected Algorithms
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(Fig. 1) The average number of comparisons for the selected ten algorithms
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<Table 2> The best-case analysis of the unplugged sorting
activity

<Table 4> The average-case analysis of the unplugged
sorting activity

Alg. Best-caseTC Min.#Comparisons (Sequence)

Alg. Average-caseTC Average#Comparisons

Bl O(nlogn) 13 (3,627, 4518 BI 0(n?) 1559
ME  O(nlogn) 12 (1,23 4,56, 7, 8 ME O(nlogn) 1573
QU O(nlogn) 13 (1,2 4,376, 8 5 QU Olnlogn) 16.92
IN O(n) 71,234,567 8)
7/6 IN o(n?) 19.28
SH o(n™%) 17(12346678) 7
HE  O(nlogn) 21 B8 14,2 7,5 6,3 St On") 21.82
SE - 0(n?) 281,23 4567 8) HE O(nlogn) 25.81
CO  Olnlogn) 24 (1,23 4,56, 7, 8) SE o’ 28
OD O(n) 71,234,567 8 CO o(n?) 30.73
BU O(n) 71,234 5, 6,7 8) OD 0(n?) 30.87
BU 0(n?) 41.43
<Table 3> The worst-case analysis of the unplugged sorting
actity 3.4 ¢12|F 7 45 bl

Max.#Comparisons

Alg. Worst-caseTC (Sequence)

BI 0(n?) 7,234,567 8
ME  Of(nlogn) 7(1,3274,65 8
QU o(n?) 8 (1,23 4,5 6,7, 8
IN o(n?) 8 (1,8 7 6,5, 4,3, 2
SH 0(n?) 0(7,3,51,8 4 6 2
HE  Of(nlogn) 9 (1,4, 2 6 5 3 7,8
SE 0(n?) 8 (1,2 3 4,5 6,7 8
CcO 0(n?) (1,234,568 7
OD 0(n?) 5(1,3 4,56 7 8 2
BU 0(n?) 6 (2,345 6 78 1)
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<Table 5> The relative performance of the selected algorithms when using six cards
Alg. BI ME QU IN SH HE SE CO OD BU
BI - 55.3 54.4 71.66 80.91 100 100 100 97.46 95.56
ME 44.7 - 53.59 72.23 8851 100 100 100 99.86 99.86
QU 45.6 46.41 - 66.46 67.89 98.43 100 98.89 96.9 96.64
IN 28.34 2177 3354 - 55.37 96.5 100 99.44 100 100
SH 19.09 11.49 3211 44.63 - 100 100 99.86 98.73 99.15
HE 0 0 157 35 0 - 42.36 92.31 78.21 88.71
SE 0 0 0 0 0 57.14 - 90 92.98 94.58
CcO 0 0 111 0.56 0.14 7.69 10 - 62.78 79.31
OD 254 0.14 31 0 127 21.79 7.02 37.22 - 91.15
BU 4.44 0.14 3.36 0 0.85 11.29 5.42 20.69 8.85 -
<Table 6> The relative performance of the selected algorithms when using eight cards
Alg. BI ME QU IN SH HE SE CO OD BU
BI - 60.23 62.23 84.15 100 100 100 100 99.68 99.68
ME 39.77 - 59.29 86.2 100 100 100 100 99.92 99.92
QU 37.77 40.71 - 73.83 90.98 99.04 100 99.91 98.94 99.34
IN 15.85 13.8 26.12 - 76.67 95.49 100 99.76 100 100
SH 0 0 9.02 23.33 - 92.08 99.68 99.67 97.11 98.96
HE 0 0 0.96 451 792 - 98.83 96.29 90.76 96.29
SE 0 0 0 0 0.32 1.17 - 96.11 85.93 95.91
CcO 0 0 0.09 0.24 0.33 371 3.89 - 51.14 85.13
OD 0.32 0.08 1.06 0 2.89 9.24 14.07 48.86 - 95.64
BU 0.32 0.08 0.66 0 1.04 371 4.09 14.87 4.36 -
<Table 7> The relative performance of the selected algorithms when using ten cards
Alg. BI ME QU IN SH HE SE CO OD BU
BI - 64.49 68.31 91.15 99.92 100 100 100 99.99 99.99
ME 35.51 - 61.81 94.51 99.97 100 100 100 100 100
QU 31.69 38.19 - 80.93 87.07 99.58 100 99.88 99.6 99.77
IN 8.85 5.49 19.07 - 49.71 94.24 100 99.21 100 100
SH 0.08 0.03 12.93 50.29 - 99.93 100 99.93 99.38 99.86
HE 0 0 0.42 5.76 0.07 - 100 93.05 8757 97.41
SE 0 0 0 0 0 0 - 13.61 76.49 97.07
CcO 0 0 0.12 0.79 0.07 6.95 86.39 - 80.96 97.35
OD 0.01 0 04 0 0.62 12.43 23.51 19.04 - 97.56
BU 0.01 0 0.23 0 0.14 2.59 2.93 2.65 2.44 -
AoAQl 58 B, Jhee) 47 gobdel wh A UK e 9o S8 5637%), 839 sl
S8 A AAE AL AT 5 Ak wE W Agahd 4 gPe] S8 T667%2 i e
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Wahs Zvhe 24 oE dve 2 5 gl A= Zg AT F glrk
FoHAR A A8n A 4ES vus] B 5ol A AAE AE gE, d AE, B RS vad
@ A7k Vet 2 5 Sl A 4Ee 649 b Ade Solath de ghe] 4$ sleel 47} 63
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<Table 8> The statistics of each sorting program
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