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The Development and Application of Number Sense Three-Tier Test
for Fourth Graders
Der-Ching Yang, = Ming-Chieh Yu, = Mao-Neng Li

Department of Education, Graduate Institute of Mathematics and Science
Education
National Chiayi University, dcyang@mail.ncyu.edu.tw
Abstract
The purposes of this study were to develop and apply the number sense three-tier
test for fourth graders. The number sense three-tier test for fourth graders was
developed based on the earlier studies and three-tier related studies. 166 fourth
graders from a public elementary school of south Taiwan were selected to join this
study. The results showed that the number sense three-tier test for fourth graders has a
good reliability and validity. Data also showed that sample students performed poor
on number sense and there is a significant difference on number sense performance
among different levels of students’ performance on number sense. In addition, there is
a significant difference on mathematics achievement among different levels of
students’ performance on number sense. Moreover, many different misconceptions
were found for the sample students and the confidence index used in this study has an

important meanings. Finally, the implications were discussed.
Keywords: Three-tier diagnostic test, Grade four, Number sense

Introduction
Number sense plays a key role in our daily life (Dehaene, 1997). In addition,

helping children develop number sense has been highlighted internationally by many
studies and reports (Berch, 2005; Dunphy, 2007; NCTM, 2000; Jordan, Raminent, &
Watkin, 2010; Sood & Jitendra, 2007; \Verschaffel, Greer, & De Corte, 2007; Yang &
Li, 2013). Lack of number sense often leads to learning disabilities in mathematics to
a certain degree (Jordan, Kaplan, Locuniak, & Ramineni, 2007; Dyson, Jordan, &
Glutting, 2013). If students are able to exercise number sense flexibly will help them
keep learning effects longer (Yang & Li, 2008). Inspired from the study of Haki & Ali
(2010) on a valid and reliable 3-tier test to assess students’ misconceptions about
simple electric circuits, our current web-based two-tier test system (options + reasons)
for number sense may be strengthened with an additional certainty of response index.
We do hope the 3-tier test results can be a valid and reliable measure of students’
qualitative understanding of number sense. The research questions are as follows:
1. Will the three-tier number sense test more reliable and valid than the 2-tier test?
2. Is there a close relationship between 4th-grader’s number sense and their
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performance in mathematics?
3. s there any gap between 4th-grader’s actual uses of problem solving strategies
and their subjective-perception of problem solving strategies ?
Background
What is Number Sense?

In general, number sense refers to a person's general understanding of numbers
and operations and the ability to handle daily life situations that include numbers--i.e.,
developing useful, flexible, and efficient strategies (including mental computation or
proficient estimation) for handling numerical problems (Mclntosh, Reys, & Reys,
1992; Reys & Yang, 1998; Sowder,1992; Yang, 2013).

Number sense components

Based on the earlier studies of Yang & Li (2005, 2007), this study defined the
number sense components as follows:

F1: Being able to understand the basic meaning of numbers >

F2: Being able to Recognize the relative magnitude of numbers >

F3: Being able to compose and decompose numbers flexibly >
F4: Being able to judge the reasonableness of a computational result via different
The studies of three-tier test models

The number sense three-tier test was based on the earlier studies. Pesman and
Eryilmaz (2010) designed a three-tier test to assess misconceptions about simple
electric circuits. Caleon and Subramaniam (2010) developed a three-tier test to assess
secondary student’s understanding and related misconceptions of waves. They all
found that the three-tier tests not only have a good reliability and validity, but also can
be used to detect students’ alternative conceptions. The three-tier test in this study
includes the first-tier conventional multiple-choice questions (content tier), the
second-tier reasons for the given answer for the first-tier (reason tier), and the
third-tier certainty about the correctness of student’s chosen options for the answer
and the reason tiers (confidence tier).

Method

Sample

166 fourth graders from southern Taiwan were selected to join this study.
Instrument

The three-tier test designed in this study included 8 items for each number sense
component and 4 number sense components included in this study. Therefore, there
are 32 items totally. An Example of the number sense three-tier test is described as
follows:

Which of the following options indicates that the shaded area represents two-thirds of
the figure?
Item format & Option 1
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Scoring rules
Table 1. Scoring rules

Answer Correct answer Wrong answer

options 4 points 0




Reason NS-based Rule-based Misconception Guessing NA

options 5 1 0 0

Score 8 6 5 4 0

CRI By intuition By calculation Eliminating Guessing

Score 4 2 1 0
Results

Reliability Analysis for the 3-tier NS Test
Table2. Reliability analysis for the 3-tier NS test

NS Component

Factor 1 Factor 2 Factor 3 Factor 4

Test type total
(subtest 1) (subtest 2) (subtest3) (subtest 4)
# of items 8 8 8 8 32
2nd stagea .594 697 .693 .606 874
3rd stage a .703 77 .785 734 .907

Data shows that the 3-tier test has better reliability than the 2-tier test.
Construct reliability analysis for the 3-tier NS test

Table 3. Construct reliability analysis for the 3-tier test

NS Component

Test type Factor 1 Factor 2 Factor 3 Factor 4
(subtest 1) (subtest 2) (subtest 3) (subtest 4)

2nd stage .790 .850 .852 .802

3rd stage .826 872 .869 .845

Data shows that the construct reliability analysis for the 3-tier test is better than
the 2-tier test.
Validity

The design of number sense three-tier test was based on the earlier studies (Yang
& Li, 2005, 2007). The contents of the three-tier test satisfied the basic definition of
number sense and three-tier test models. In addition, several mathematics educators
and elementary school teachers were invited to review the contents of the three-tier
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test. They all agreed that the three-tier test can be used to detect students’ number
sense and related misconceptions. Therefore, the number sense three-tier test has good
content validity and specialist validity. In addition, results also showed that there is a
positive correlation between children’s NS and their performance in Math
achievement (r=.661 for a 3-tier test; r=.686 for a 2-tier test, p. <.01). Therefore, this

instrument has good criterion-related validity. Table 4. Descriptive statistics about
problem solving strategies used in the NS test for correct answers

50.0% 3
45.0%
40.0%
35.0%
30.0%
25.0%
20.0%
15.0%
10.0%
5.0%
0.0% .
mnderstand the basic recognize the relative compose and denomposs judge the reasonablensss
mesning of numbers magnitude of numbers numbers flexibly of & computational result
+
By besed 46.7% 31.9% 27.0% 27.6%
B Fule-based 2.4% 26.7% 27.6% 20.4%
Misconcepions 7.0% 8.5% 0.0% 6.1%
B Guesing 43.9% 32.9% 45.4% 45.9%
Table 5. NS levels and math performance
Components Levels of NS Mean SD N
Low(A) 25.5714 11.87566 42
Being able to understand the basic Middle(B) 397143 12.94319 42
meaning of numbers Middle +(C) 51.5854 13.22304 41
High(D) 67.1951 11.95872 41
Low(A) 28.7381 13.20395 42
Being able to recognize the relative Middle(B) 45.9286 10.64366 42
High(D) 72.8293 9.86129 41
Low(A) 22.3095 10.07651 42
Being able to compose and decompose Middle(B) 35.5238 13.59562 42
numbers flexibly Middle +(C) 46.4390 13.31174 41
High(D) 68.6098 14.24233 41
Low(A) 23.8571 10.41474 42
Being able to judge the reasonableness of Middle(B) 335714 11.82008 42
a computational result Middle +(C) 47.9024 11.78729 41
High(D) 66.2927 12.92912 41




F=82.774, p=.000; F=117.003, p =.000; F=95.605, p =.000, F=101.988, p =.000,
a=.05

Post hoc comparisons (Scheffe): B>A, C>A&B, D>A&B&C.
Table 6. Correlation between reason-score and confidence score (N=166)

arre. O DEIWECH FEASOR-SCOFES Cort CHOE STOFey {/V=100) .
( R1 B2 R3 R4 Eitotal ]
-
Pearson 597 433 388 358 527
C1
P .000 ood .000 .000 .000
g -rson 379 600 450 435 548
c2
p 000 000 000 000 000
Pearson 320 393 670 405 532
C3
i 000 000 000 000 000
Pearson 347 472 454 650 565
o
i 000 000 000 000 000
Pearson 485 570 590 555 650
Ctotal
Jp 000 000 000 000 o0

Results showed that Students with high scores in reasons generally have higher

confidence levels than students with low scores.

Conclusion

The 3e-tier NS test score is more reliable than the 2-tier test score. The 4th
graders with various levels of NS showed a significant difference between the 4
components of NS. The 4th graders with various levels of NS showed a significant
difference in mathematics achievement. Number sense is not frequently used by 4™
graders. Gap between actually-used problem solving strategies and subjectively-
perceived problem solving strategies. Students with high scores in reasons generally
have higher confidence levels than students with low scores. There are closely related
among raw scores, reason scores and confidence scores. Guessing was used very often
by students with correct answers. Misconceptions were found very often by students
with wrong answers.
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