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Abstract

This study aims to investigate students’ statistical thinking through statistical processes in different instructional
settings: Teacher—centered instruction vs. student-centered learning. We first developed instructional materials that
allowed students to experience all the processes of statistics, including data collection, data analysis, data
representation, and interpretation of the results. Using the instructional materials for four classes, we collected and
analyzed the data from 57 seventh graders’ discourse and artifacts from two different instructional settings using
the analytic framework generated on the basis of literature review. The results showed that students felt difficulty
particularly in the process of data collection and graph representations. In addition, even though data description
has been heavily emphasized for data analysis in statistics education, it is surprisingly discovered that students
had a hard time to understand the relationship between data and representations. Also, there were relationships
between students statistical thinking and instructional settings. Even though both groups of students showed
difficulty in data collection and graph representations of the data, there were significant differences between the
groups in terms of their performance. Whereas students from student-centered learning class outperformed in
making decisions considering verification and justification, students from teacher-centered lecture class did better
in problems requiring accuracy than the counterpart. The results from the study provide meaningful implications
on developing curriculum and instructional methods for statistics education.
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[Table 2] Structure of statistical processes

Process Components of statistical thinking
Appropriate sampling
Appropriate data collection
Data Recognition of sample sizes
collection Appropriate examples in multiple
choices
Interaction with questions
Consideration of variability
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[Table 3] Participants
. Th f
Gro- | Instructi- | e number of students
ups o ass Cl_ass Grpup Total
size size
teacher A 12
T -centered B 12 2
57
S student C 17 2
-centered D 16
S A1 FE 18 AR Jes 64 vde
go] FRYE T2 AL 2009 /N4 wSIAo] wk
ogn 2w 4o i 015 AW 2SI w
e Fou 159 el B5S vh geE Aol
ol st Ak
2. w8y Age] A
B ATolqE tase] A4 Ang 2457 95
of WA AAY ARE ez FAX IS 49T
& 9E 3N ATFEY(H ) 1819 FF B
PR WG ARE s
[Table 4] Standards for Data collection
Components of
statistical Standards
thinking
Appropriate ¢ Choose a representative
sampling sample.
Appropriate data | * Design a plan to collect
collection appropriate data.

Recognition of
sample sizes

Recognize the sample size
and keep the sample sizes
of the two groups similar
to each other when
comparing them.

Appropriate .
examples n
multiple choices

Write a questionnaire
using appropriate multiple
choices.

Interaction with
questions

Write a questionnaire
considering the context of
questions.

Consideration of |
variability

Write a questionnaire by
considering variability.

71 &) 3k

stbel FAZ AN 33 AAE B
Hadich olm FAl: s Fu

4483 B2hE plol eA, A

=
°
3
X], AA F

m

2
>
P

7} EAFEAES V)FoR Fhe ol FEE 1|
o] HEAoZ 19 7HLﬂ AE 2Abehe
Atk A4 344 9 Are £, A=
g 2 7)& AR wdy Mo %*jo]—‘}i?_tﬂ,
A FA 250 dg A3 7|FE vfEoR W
25 S ARE AR
PAE Azd 4 wAz 249 440 A
o] A AR 23] AL AP o aH
TR o mEdoF sk Alsl e &
stAtH([Table 4]).

o
A= H(appropriate data collection),

r—{m
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r_>.: oL

o 2 ot AN R
>
ED‘ [‘_Q oL M

2L o

[}
A

&

2=,
i_:_
=

& %
S|

v

-3 3 A A(appropriate sampling), 2% 3
TE A7)

= A=

ro, [U.t.,
>,

(recognition of sample sizes)e] Al &4
He] A9l B Aoz aw
S2HYH 1239 gdds ddst
Az 73 ALEA, i
5 3 120 79

24 A (appropriate  examples
A9k

4% A-&-(interaction  with
questions), Ho]A¢] 13 (consideration of variability)2]
Al Qe digk BAA AFRLE EA skt ST
2= AR A 2 U AR ARE HFss
oY M4 gez mdE AR 91 1 E4S
{8 4 1% 3F3tH([Table 5)).

in
multiple choice),

o

al
A

=
12 M=

[Table 5] Standards for Data organization and description

Components of
statistical
thinking

Standards

e (Categorize the data
according to their
characteristics.

Categorization of
data

Data summary | ,
and recognition
of distribution

Summarize the data and
recognize their distribution.

¢ Understand the relationships

Relationships

between the data and
between data and .
representations representations through the

statistical process.
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[Table 6] Standards for Data representations

Components of

statistical Standards
thinking
Appropriate e Display graphs using the
graph frequency or relative
representations frequency.

Integration of

numerical and e Draw graphs correctly with

graphical numerical values.
methods

Consideration of | * Draw graphs displaying the
variability characteristics of the data.

[Table 7] Standards for Data interpretation

Components of
statistical
thinking

Interpretation of

the results based
on the data

Interaction with | ®
questions and
the context

Consideration of | ¢

Standards

¢ Draw conclusions logically
based on the data.

Interpret the results
considering the questions
and the context.

Interpret the data

variability considering the variahility.
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| Classroom instruction ] I Summative assessment I
‘ Appropriate sampling }" « Topic of the statistical processes
l Appropriate data collection % sf ° ElEANOFdatacllection
[Achievement standards] Judge the plan of
‘ Recognition of sample sizes r data collection by considering questions.
o (
gl Appropriate examples in multiple choices ) « Questionnaire
g‘ Interaction with questions ’ achh sendn] Juke the
3 H e whether the questions
‘ Consideration of variability ’ relate to the topic and statement is dear.
N ‘ Categorization of data } ..... + Results of survey
a s )
g El E‘ Data summary and recognition of distribution ‘ [achiesement; spdre] ke the
1:-3"'%.“' result of survey whether or not the
g7 | ips between data and | . ;
5 ‘ Appropriate graph representations ‘ « Results of survey
3 "
‘:: gl Integration of numerical and graphical methods (ichlevement stancrck] Judge: the
4 graph representations in terms of
; ‘ Consideration of variability ‘ variability,
. [ Interpretation of the results based on the data ‘ * Results of survey
& :
E g‘ Interaction with questions and the context ‘ + Conclusions
2 i | Adhevement stanciarck] Judge the condusons
3 [ Consideration of variability ‘ : by considering the questions and context
[Fig. 1] Relations between classroom instruction and
summative assessment
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[Table 8] Instruments

Research Questions Subjects | Instruments
Analysis of
students” statistical All
1 thinking by students Artifacts
components of (1757)
statistical thinking
Group T Artifacts,
Analysis of (1724) Recorded
9 students” statistical class
thinking by different | Group S discourse,
instructional settings (1233) Summative
assesment
w4 AFEA 1, 29 EFA Yehd dAEY FA
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st e, 1 712e th&9) [Table 9]¢ 2t}

[Table 9] Scoring rubric for statistical thinking

Statistical thinking ability Score
*  Show his/her appropriate reasoning 3
e Mostly appropriate but somewhat
inappropriate responses 9
e Show some difficulties in integrating
mathematical ideas
¢ Wrong responses or irrelevant 1
responses to the given data
* No statistical thinking 0
*  No response
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[Table 10] Means and standard deviation by statistical
process(/757, full points=3)
Mean Components of Mean
Process (SD) statistical thinking (SD)
Appropriate sampling ((l)‘gg)
Appropriate data 1.65
collection (0.94)
Recognition of sample 1.25
Collecti- 1.97 sizes (0.81)
on (098) | Appropriate examples 2.36
in multiple choices (0.82)
Interaction with 2.30
questions (0.93)
Consideration of 2.58
variahility (0.73)
Categorization of data ((l)'gg)
Organiz- :
ation 1 Data summary ?nd 140
and . rec_ogmhon o) 1.05)
| (096) distribution :
descrip - -
tion Relationships between 993
data and (0'95)
representations :
Appropriate graph 1.82
representations (1.28)
Represen | 1.56 iﬁ%ﬁﬁnag(fi 1.04
—tations (1 15) graphical methods (1 12)
Consideration of 1.82
variability (0.85)
Interpretation of the 939
results based on the (1'05)
data '
Interpre- | 1.89 Interaction with 916
tation (1.05) questions and the (086)
context :
Consideration of 1.19
variability (0.8%)
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[Table 11] Scores and distribution of students’ statistical
thinking in each component(r=57)

Components of The number of students(%)
statistical 0 1 2 3
thinking point | point | points | points

Appropriate 8 14 24 1
sampling (14%) | (25%) | (42%) | (19%)

Appropriate data 9 11 2 9
collection (16%) | (19%) | (49%) | (16%)

Recognition of 8 32 12 5
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sample sizes (14%) | (56%) | (21%) | (9%)
Appropriate

. 0 10 10 27
poamples s | @0 | @2 | @i | @9
Interaction with 3 9 13 32

questions (5%) | (16%) | (23%) | (56%)
Consideration of 0 8 8 41
variability (0%) | (14%) | (14%) | (72%)
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[Fig. 2] Examples of students” answers
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[Table 12] Scores and distribution of students’ statistical
thinking in each component(/=57)

Components of The number of students(%)

statistical 0 1 2 3
thinking point | point | points | points

Categorization of 0 22 29 6
data (0%) | (39%) | (561%) | (10%)

Data summary 19 1 2 5

and recognition
of distribution (33%) | (2%) | (56%) | (9%)

Relationships

between data and | o) | (1495) | (390) | 1%

representations 0 0 0 0
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[Fig. 3] Examples of students’ answers
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[Table 13] Scores and distribution of students’ statistical
thinking in each component(/=57)

Components of The number of students(%)
statistical 0 1 2 3
thinking point | point | points | points

Appropriate graph 15 7 8 27

representations | (26%) | (12%) | (14%) | (48%)

Integration of

nmeriad and | i |3 | o | a

Consideration of 4 14 21 12
variability (71%) | (25%) | (47%) | (21%)
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[Fig. 4 An example of a student's
answer
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[Table 14] Scores and distribution of students’ statistical
thinking in each component(r=57)

Component of The number of students(%)
statistical 0 1 2 3
thinking point | point | points | points

Interpretation of 4 13 1 %9
the results based | (7o5) | (23%) | (22%) | (68%)
Interaction with
: 4 5 26 22
questions and the | 7o) | (g5 | (45%) | (39%)
Consideration of 8 39 1 9
variability (14%) | (68%) | (2%) | (16%)
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[Table 15] Means by statistical process of the two groups
(n=24, ne33, full points=3)

Components of Mean
Process statistical thinking Gr%]p Grgup D
Appropriate
sampling 033 227 | 000
Appropriate data —
collection 0.79 227 | 000

Recognition of o
sample sizes 067 167 000
Collec-t -
ion Appropriate
examples in 2.00 259 | 012
multiple choices

Interaction with »
questions 183 264 | 010°

Consideration of 933 276 06"
variability
Categorization of "
data 1.50 188 | .00

Data summary -
and and recognition of 083 1.82 | 001
distribution
tion Relationships
between data and 1.67 264 | 001"

representations
Appropriate graph 191 297 000
representations

Repres Integration of
entat-10 numerical and 113 097 | 617
ns graphical methods

Consideration of
variahility 1.4 203 | 0B

Interpretation of
the results based 2.13 245 25
on data

Interaction with
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Note: "p< .05, "p< .01, ""p<.001
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[Table 16] Scores and distribution by summative assessment
of the two groups(n7=24, ns=33)

The (rilmnb(%; )of
Components of students(%o
Process | satistical thinking (}%up Grgup p
Appropriate 22 24 097
sampling (R%) | (713%) |-
Appropriate data 0 0 _
collection (0%) (0%)
Recognition of 3 2 610
sample sizes (13%) 6%) |-
Collec -
“tion Appropriate 0 3
examples in (0%) (9%) 26
multiple choices © ©
Interaction with 3 19 00
questions (13%) | (58%) |-
Consideration of 4 4 09
variability (16%) | (12%) |-
Organ— | Categorization of 2 3 1000
ization data (8%) (9%) ’
Appropriate graph 4 10 B
representations (17%) | (30%) | -
Repre- Integration of 10 9
sentat numerical and 0
-ions graphical methods (42%) 6%)
Consideration of 8 3 089"
variahility (33%) 9%) |-
Interpretation of the 13 16
results lzjaastzd on the (54%) (48%) 190
Interp— - -
- Interaction with
retati questions and the ( 4},/) (186% 220
on context 0 0
Consideration of 5 2 119
variability (21%) 6%) |-

Note: “p< .05, “p< .01
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