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Abstract
Decimal numbers are one of the most important and useful topics in
mathematical education. However, students have trouble with decimal
numbers. One way to investigate the reason of difficulty in working
decimals for the students is through error analysis. Diagnosis of errors in
procedural skills is difficult because of their unstable nature. This study
investigates the diagnosis of procedural errors in students’ decimals addition
and subtraction performance, by proposing and evaluating a probability-
based approach using Bayesian networks. This approach assumes a causal
network relating hypothesized decimals addition and subtraction errors to
the observed test items. This study is practical and quantitative. The
population of this study included all the sixth-grade students of Birjand city
in academic year 2017 — 2018. A sample consisted of 407 students was
selected through multi-stage sampling method. Network performance was
evaluated by two types of testing situations: using binary data (scored as
correct or incorrect) and diagnostic use of wrong answers by a multi-choice
test. Results showed Bayesian network with binary data had poor
performance in errors diagnosis but diagnostic use of students’ wrong
answers improved network performance. The Kappa agreement rate for the
Bayesian network with wrong answers reached above 90%. Our results
suggest that reliable diagnosis of errors can be achieved by using a Bayesian
network framework with students’ wrong answers.

Keywords: Bayesian networks, procedural errors, addition of
decimals, subtraction of decimals
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Figure 1
An example of a Bayesian network for errors diagnosis
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Figure 2
Network 1 for addition of decimals. In the diagram, E is symbol of Error and Q is symbol of Question.
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Figure 3
Network 1 for subtraction of decimals. In the diagram, E is symbol of Error and Q is symbol of Question.
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Table 1

The Observed Error Base percentages and Predicted Error percentagesin the testing Sample by the Two Network
Models with Various Cutoff Points

Network 2 ¥ 4 Network 1 ) aSus slas dopd
Cutoff point _yo s alads Cutoff point by ahi 0% onlis .
(Lot
Observed E

sl Fp &l 5y Dbase Tror

0.75 05 025 Ry 0.75 05 025 ey

base rate base rate ~ Pereentage
of error

Addition of Decimal Numbers  ¢,lisel slasl zox
2 2 2 2 0 0 118 12.3 2 Vs
Error 1
9.8 9.8 9.8 9.8 0 11.8 12.3 12.3 11.3 Vils
Error 2
2.9 29 29 2.9 0 0 69 6.9 2.9 vk
Error 3
3.4 34 3.4 3.9 0 5.4 6.9 6.9 4.4 Fols
Error 4
2.5 2.9 2.9 5.4 0 0 6.4 10.8 2.5 b sls
Error 5
Subtraction of Decimal Numbers ¢ lisl slasl 5,45
2 25 25 2.9 0 0 0 0 2 Vol
Error 1
10.8 10.8 11.3 11.3 1 1 1 1 11.3 Vsl
Error 2
13.2 13.2 14.7 14.7 1.5 1.5 1.5 2.9 12.7 Vls
Error 3
5.9 59 59 59 0 15 15 2 5.9 ¥k
Error 4
9.3 9.3 9.3 12.3 0.5 0.5 0.5 0.5 7.8 b sl
Error 5
9.3 9.3 9.3 9.3 0 0 1.5 1.5 9.8 7l
Error 6
2.9 49 64 9.8 0.5 05 05 0.5 2.5 Vil

Error 7
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Table 2
Correct Classification percentages in the testing Sample for the Two Network Models with Various Cutoff Points

Cutoff point i,y alais

0.75 0.50 0.25 base rate 4, &, s
¥ s ) A ¥ S VSl Y ass VSl Y 4 )V A Error
Network 2 Net\ivork Network 2 Net\ivork Net\évork Net\ivork Net\2)vork Net\ivork
Addition of Decimal Numbers ¢ lisl slas] zes
100 98 100 98 100 90.2 100 89.7 ) slles
(1) (0) (1) 0) (1) (0.26) (1) 0.25) Error 1
98.5 88.7 98.5 96.6 98.5 96.1 98.5 96.1 Vo slbs
(0.92) (0) (0.92) (0.83) (0.92) (0.81) (0.92) (0.81) Error 2
100 97.1 100 97.1 100 96.1 100 96.1 Yo les
0] ©) (€] ©) (€] (0.58) ) (0.58) Error 3
99 95.6 99 95.1 99 95.6 98.5 95.6 ¥l
(0.87) (0) (0.87) (0.47) (0.87) (0.59) (0.82) (0.59) Error 4
99 97.5 98.5 97.5 98.5 96.1 97.1 91.7 O slbs
(0.80) 0) (0.72) (0.28) 0.72) (0.54) (0.61) (0.34) Error 5
99.3 95.4 99.2 96.9 99.2 94.8 98.8 93.8 oSSl
(0.92) ) (0.90) (0.32) (0.90) (0.56) (0.87) (0.51) Mean
s
0.008 0.016 0.016 0.016 oboins
Sig.
Subtraction of Decimal Numbers ¢ licl slue! 5,05
100 98 99.5 98 99.5 98 99 98 Vo slbs
(1) © (0.89) © 08  ©  ©08) O  Enorl
99.5 89.7 99.5 89.7 100 89.7 100 89.7 Y slbs
(0.98) 0.15) (0.98) (0.15) (1) (0.15) (1) 0.15) Error 2
98 88.7 99.5 88.7 98 88.7 99.5 88.7 Vol
(0.92) (0.19) (0.98) (0.19) (0.92) (0.19) (0.98) (0.15) Error 3
100 94.1 100 94.6 100 94.6 100 94.1 ¥ oles
M ©) M (0.25) (O] (0.25) M (0.23) Error 4
98.5 92.6 98.5 92.6 98.5 92.6 95.6 92.6 O slas
(0.91) 0.11) (0.91) (0.11) 0.91) (0.11) (0.76) 0.11) Error 5
99.5 90.2 99.5 90.2 99.5 89.7 99.5 89.7 5 slkes
(0.97) (0) (0.97) (0) (0.97) (0.06) (0.97) (0.06) Error 6
98.5 98 96.6 98 96.1 98 92.6 98 Yo slas
(0.72) (0.33) (0.52) (0.33) (0.54) (0.33) (0.38) 0.33) Error 7
99.1 93 99 93.1 98.8 93 98 93 Oobe
(0.93) (0.11) (0.89) (0.15) (0.89) (0.16) (0.84) (0.15) Mean
s
0.001 0.001 0.001 0.001 S gine

Sig.
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Table 3
Correct Classification percentages in the testing Sample for the Two Network Models with Various Cutoff Points

Cutoff point o, alais WS
0.75 0.5 0.25 base rate 4, &, Network
Addition of Decimal Numbers (¢ lisl slac| za>
80.9 (0) 90.2 (0.69) 78.9 (0.42) 78.9 (0.42) Vs
Network 1
96.6 (0.90) 96.6 (0.90) 96.6 (0.90) 95.1(0.86) ¥ e
Network 2
Subtraction of Decimal Numbers ¢ lisl slasl 5,45
61.8 (0.08) 62.3 (0.08) 63.2 (0.12) 62.3(0.10) Vb
Network 1
88.2 (0.82) 96.1 (0.94) 94.6 (0.92) 94.1 (0.91) ¥ s
Network 2
Jae il 30 sae g ljeel Hil e (cauarb Moy ol das (Jo Al gl tdngl
3o ol 1y (g8 SLE

S 5 e 9 Sy
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BB o) 3 g Ciund L (gLl Sl g i) 3 ligel 2 slargy slallas st
A 3,Sles ggamme 50 (Yo)Y) 5568 o (J &S Canl Jb o cpl g camd jlws (g)liel dlael
T 1y omab Sl 30,85 ) il L2l (elaysy ol Lawseis 1o 1y b clagul b sh
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2. Templin
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