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Abstract

Student-Problem (S-P) chart, Grey Student-Problem (GSP) chart and Grey Structural Modeling (GSM) are
graphical analysis tools to represent the relationship between students and test items which can be applied to
diagnose, analyze, and evaluate students’ learning situation and achievement. This study has adopted a
combination of these graphic analyses to assess the effect of an elementary school remedial instruction. A group
of 20 fourth graders in Taipei city participated in this study, and an English test, consisting of four sections with
25 question items in total, which is based on the textbook in the fourth grade, was conducted before and after the
remedial instruction. The results indicated that S-P chart, the distribution diagram of student and item types, GSP
and GSM graphs effectively diagnosed students’ learning condition and items’ difficulty, and demonstrated the
effect of students’ achievement and the change of test items’ types. It is strongly recommended that teachers
utilize these methods in assessing the progress of their teaching and their students’ learning.

Keywords: S-P chart, GSP chart, GSM graph, English remedial instruction
1. Introduction

Since English has been included as a school subject in elementary schools in Taiwan for at least 15 years,
so-called two-peak phenomena of students’ English proficiency has become obvious, that is, high achievers get
better and better and low achievers become worse and worse. In Grade 9 curriculum, Ministry of Education
(2003) states expressly that teachers should implement diagnostic assessment and remedial instruction in order to
help those who cannot reach average level of English achievement in the school. The focus is to help these
underachievers learn what they were not able to learn in English lessons, yet teachers might adopt different
activities to do so. This has rendered diagnostic instruments vital and essential for teachers so that they can
identify their students’ English learning problems and accordingly, design appropriate English remedial
instructions (Sheu, 2019).

Generally speaking, most elementary school English teachers use mid- and final-term tests as a tool for assessing
students’ achievement. By doing this, they can know if their students have learned the content of textbooks;
however, it is far too simple to draw conclusions from this about students’ achievement (Sheu, 2017). This is
because English teachers construct mid- and final-term tests on the basis of their own experiences and the
suitability and reliability of tests are not normally considered. In this case, students’ actual learning progress and
difficulties would not be possibly identified (Salimi & Farsi, 2018). If teachers therefore design remedial
instructions, the content, methods and activities are highly inadequate, and the effects are definitely questionable
(Kirsch, 2008; Mitchell & Myles, 2004).

Regarding the assessment of English remedial instructions in Taiwan, there is not an official format or
measurement of assessment for teachers to be followed. It is decided by each individual school and mostly, the
instructor makes the decision what to be assessed and how it is assessed, and thus, the effect of these instructions
is varied and uncertain (Sheu, 2015). In fact, there is no a single test as the assessment instrument of remedial
instructions for all schools when the nature of students, schools and locations is considered (Csizér & Magid,
2015; Jacobs & Farrell, 2001). Putting it another way, it is more practicable to have an analytic method for
identifying the efficiency of remedial instructions rather than to have an individual test for assessing the effect of
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all instructions.

Adding these together, without an appropriate assessment tool, students’ learning progress and difficulties would
be indeterminable; if there is a lack of an effective analytic method, conclusions about the effect of any remedial
instruction is unrealistic (Greig, Taylor, & MacKay, 2012). Thus, having such a method appears to be pivotal in
the whole remedial instruction and consequently, the implementation of such an instruction will have profound
effects on the entire English learning and teaching process (Sheu, 2016).

Statistics analysis is commonly conducted as an assessment instrument to evaluate the effect of English language
teaching and learning, but it requires a certain number of samples and a period of time in order to avoid bias and
errors in the data and results (Barnett, Bergman, Kopko, Reddy, Belfield, & Roy, 2018). In other words, credible
instrument and results rest heavily upon proper design and implementation. The teaching loading in elementary
schools and the time-consuming nature of analyzing data make it difficult for teachers to do teaching and
analysis at the same time (Sheu, 2017). What is more, since the statistic results have to take into account the
whole rather than an individual student, they are not relevant to the intention of remedial instruction to
concentrate on the progress of each underachiever. In this sense, analytic methods play a decisive role in
implementing and evaluating remedial instructions appropriately and effectively (Jones & Coffey, 2016). In
other words, analytic results provide English language teachers with crucial feedback on the process of their
teaching and students’ learning.

Sato (1969) used Student-Problem (S-P) chart to help teachers diagnose students’ problems in their learning
performance. As a graphical analysis, the chart revealed effectively the relationship between students and their
learning problems. The main purpose of this chart is to get the diagnostic data of each student so that teachers
can make any changes necessary to their teaching and students’ learning (Sheu, Pham, Nguyen, & Nguyen,
2013). Based on Grey system theory (Deng, 1989), Tsai and Chung (2003) utilizes Grey Student-Problem (GSP)
chart to clarify uncertain factors which affect teaching practice and to solve problems students encountered in
their learning situation. That is, the GSP chart is applied to draw graphs to examine and compare students’
performance before, during and after a learning situation. Grey Structure Modeling (GSM) is designed for
clustering students into different groups based on their performance in a test (Yamaguchi, Li, & Nagai, 2005). It
helps teachers understand their students’ learning process and achievement better (Wang, Sheu, Liang, Tzeng, &
Nagai, 2011). Previous research has demonstrated the effect of these graphs in various learning and teaching
programs (Chen, Lai, & Liu, 2005; Chen, Lai, & Jhan, 2007; Lin & Chen, 2006; Sheu, Tzeng, Liang, Wang, &
Nagai, 2012). Thus, this paper adopts S-P chart, GSP chart and GSM graph to diagnose and analyze the effect of
a remedial instruction on 4" graders’ English learning.

1.1 Problem Student-Problem (S-P) Chart

Sato (1969) carried out analysis and sorting based on students’ response pattern in test items, and calculated
coefficient to construct a Student-Problem (S-P) chart, in which caution index for students (CS) and for item (CP)
were used to judge whether individual students or questions are anomalies in response patterns (Sheu, Chen,
Tzeng, Tsai, Chiang, Chang, & Nagai, 2013). Thus, S-P Chart can not only display the diagnostic assessment of
learning, but also present the effectiveness of instructions (McArthur, 1983). That is to say, it has been adopted
as a method for diagnosing, analyzing, processing and arranging data in a defined order (Nguyen, Nguyen, Pham,
Tsai, & Nagai, 2013; You & Yu, 2006) so as to get the quality of test items and diagnosis of students’ learning.
The S-P chart gives matrix structure of student-problem described below (Nguyen, Nguyen, Pham, Tsai, & Nagai,
2013, p. 180):

P =(p,.py.".Py) - then

s; = (x; (1), x;(2),-++, x; ()
== ). x .),"'*’. (

Pj =0 xp (s Xy (1)) M

where

) 0, student 7 gives wrong answer to problem j
x:(j) = . .
: 1, student 7 gives correct answer to problem j

Then, caution index for students (CS) and caution index for items (CP) are as follows (Sheu, Chen, Tzeng, Tsai,
Chiang, Chang, & Nagai, 2013, p. 18):
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Based on the results of caution index for students (CS) and caution index for items (CP) above, the S-P chart can
be drawn as shown in Table 1 (Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013, p. 76):

Table 1. S-P chart

cS

Problem number
Student number pj . j=12n Total score
High
i i=12,m Y Z(y,-j) iSS,‘
Low

CS;

Number of
Correct answer

m

More €4 Less ZSS‘ _ n - B
PP; ! 4
i=1 Jj=1

cp cpy -

Sato (1980) and Sato and Kurata (1977) utilize student’s caution index and their correct answer rate to divide the
type of students’ learning into six categories, and by comparing problem caution index and percentage of correct
answers, question items are diagnosed and classified into six types as shown in Figure 1 (Sheu, Pham, Nguyen,
& Nguyen, 2013, p. 76).
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Figure 1. Type of students’ learning (left) and question item (right)
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1.2 Grey Relational Analysis (GRA)

Deng (1989) introduced the Grey system theory to deal with small and insufficient amount of information data,
by using prediction and decision-making processes. It can transform the data from grey to white, and the
satisfactory prediction results with partially unknown parameters can be obtained. Grey relational analysis (GRA)
is one of the methods in Grey system theory which aims at processing uncertain, multiple, discrete and
incomplete information effectively (Wen, Chou, Chang, Chen, & Wen, 2009). Thus, the GRA can not only count
and quantize the discrete data, but also make them ordinal to be analyzed. The GRA procedures are described
below (Sheu, Tzeng, Tsai & Chen, 2012).

1) Establishment of original vectors: The reference vector x, and inspected vectors of original data x; are
calculated as follows (Sheu, Tzeng, Tsai, & Chen, 2012, p. 56):

X = (% (1), X (2). X0 3).- . xo (k). - x5 (1))
x1 =(x1 (D). x1 (2. x1(k),---, x1(m))
x2 =(x2(1),x2(2),++,x2(k),+-.x2(m))

xX; = (x; (D), x;(2),---. x; (k). x;(m))

X, =(x,0),x,2), . x5 k), -, x,, (m))
n n n n n ( 4)
2) Calculations of grey relational grade: Nagai, Yamaguchi and Li (2005) developed an equation to calculate the
grey relation in which reference vector is xo and comparative vector is x;. When y,; is close to 1, it means that x,
and x; are highly related to each other. On the other hand, if y,; is close to 0, the relationship between x, and x; is

lower. The equation of the local grey relation is shown as follows (Sheu, Tzeng, Tsai, & Chen, 2012, p. 56).

Ty =, (k).x; (k) = M

max min ( 5)

n 2
where A, = o, = (D[40 (0)1%)*
k=1

When 1 < p < oo, it means Minkowski’s grey relation; if p = 2, it means Euclidean grey relation. Then, the global
grey relation is as follows (Sheu, Tzeng, Tsai, & Chen, 2012, p. 56).

A ij

ry = F(YI‘Y]) :1—
Amax (6)

n L
wherei,jel-.n, A= (Z[AU ()12
k=1

3) Grey relation ordinal: The decision-making is based on the comparison of grey relation I'y. It can be
recognized as an important ordinal principle when I'p; number is larger. Thus, any vector can be the standard
vector and others can become reference vectors. After calculating the grey relation, the grey relation matrix can
be established to achieve the characteristic values so as to reach the grey relation ordinal. Sheu, Pham, Nguyen,
and Nguyen (2013) suggest that through the ordinal, different causes can be identified, and the most influential
cause can be found.

4) Calculation of grey relation: It is to normalize the data of reference vector for meeting three conditions:
non-dimension, scaling and polarization. Three types of result will be found: larger-the-better, smaller-the-better
and nominal-the-better (Yamaguchi, Li, & Nagai, 2005). Then, the outcome can be judged based on whether the
expected goal has been reached.

1.3 Grey Student-Problem (GSP) Chart

By combining S-P chart and GRA, Nagai, Yamaguchi and Li (2005) establishes grey student-problem (GSP)
Chart in order to overcome the insufficiency of the S-P chart. The purpose is to make the analysis more concrete
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and accurate, so that uncertain factors can be dealt with and analyzed. The GSP chart matrix is shown in Table 2
(Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013, p. 181).

Table 2. GSP Chart Matrix

Student Problem number
nu‘:n;:r P, j=12.n Total score LGRA-S
=12,
High
S;, .
’ X=tpl SS; i GS;
i=12-.m T
m n
Number of _ :
Correct PP; EISS" - El PPJ
J = J=
answer
More g¢—Pp Less
LGRA-P GP.
J

As can be seen, GSi is the local grey relational grade of the i-th student, and GPj is the local grey relational grade
of the j-th problem. The calculations are shown below (Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013, p. 181):

A - Ap;
max 0i .
GSI =}’Ol =#’[=1,2‘.“§m
max ~ “min
(7
Zmax_KjO .
GP‘=}’-0=—,J=1,2,-~,YI
J J A R
max min
(®)

Based on GSi (i = 1, 2,..., m) value, each student is classified into five categories: A (Excellent, GS > 0.8), B
(Good, 0.6 < GS < 0.8), C (Medium, 0.4 < GS < 0.6), D (Weak, 0.2 < GS < 0.4) and E (Inferior, GS < 0.2)
(Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013).

1.4 Grey Structural Model (GSM)

Based on Grey theory and interpretive structural modeling (Nagai, Yamaguchi, & Li, 2005), Grey Structural
Model (GSM) is developed to analyze the observed value of structural system, i.e., statistical graphical modeling.
It calculated localized-GRA and globalized-GRA of grey relational grade and grey relational ordinal (Yamaguchi,
Li, Akabane, & Kitaoka, 2007). Then, when a larger value appears, grey relational grade will be compared with
each other, and the comparison will become the criterion of structural system arrangement. The formula of
localized grey relational grade is (Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013, p. 181):

“\‘;‘i""xo - -":‘Hp ‘”-"o - "z‘“p

= max"xo - x” - min"xo - xH
Vi tp Vi tp (9)
And formula of globalized grey relational grade is (Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013, p. 181):
X; —X; p
Vij = 1-
i
tY (10)
The hierarchical structure in GSM is to combine several relative elements as follows:
P={(x,-.xj)|a,j 2y.a, < ay} (an
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Digraph can be drawn by using three parameters: distinguish coefficient p which decides the basic composition
of digraph, class coefficient 8 which gives the hierarchy, and path coefficient y which gives an ordered pair of
element arrows (Nguyen, Nguyen, Pham, Tsai, & Nagai, 2013).

1.5 Research Questions

This study aimed at evaluating the effect of a remedial instruction on fourth graders’ English achievement and
their learning condition. In order to examine students’ learning improvement and test quality, this study adopted
S-P chart to produce S-P diagrams for identifying the graphic position of each student and question item. Since
GSP and GSM can be used to reveal students’ ability clustering and the graphic structure of each cluster
respectively, this study established GSP chart to understand students’ performance and GSM structure to divide
students into different clusters based on their performance. Hence, an English test was employed before and after
one-semester remedial instruction and students’ test scores were analyzed by establishing the S-P chart, GSP
chart and GSM to answer the following research questions:

1) Is there a significant difference between English pre-test and post-test scores?

2) Are there differences in the S-P and GSP charts before and after remedial instruction?

3) To what extent do types of students’ learning and question item change after remedial instruction?
4) To what extent do students’ clusters in GSM graph change after remedial instruction?

2. Method

2.1 Participants

The participants of this study were twenty elementary fourth graders in Taipei City in northern Taiwan. All have
been studying English as a school subject since first grade, and English is one of the subjects they all had to take
from grade one to six. Based on their English test scores in the previous academic year, they were considered as
underachievers who were required to take an hour remedial instruction every Wednesday afternoon after school
at least for one semester.

2.2 Instrument

An English test, consisting of four sections with 25 question items in total, which was based on the textbook in
the fourth grade, was developed by the participants’ English teacher. The first section was phonics (6 items),
followed by dialects in the section two (6 items). Section three focused on vocabulary (8 items), and the final
section was about sentence structure, i.e., grammar (5 items). All the questions were multiple choices with only
one correct answer, and 4 points were given to each correct answer which makes the total score 100.

The first draft of test was given to two colleagues who also taught English at the same school for examining the
suitability of wording and question items so as to establish the expert validity of the test. Based on their
comments, question items were revised to make them appropriate to the context and subjects in the study. Then,
after conducting both tests, the scores were analyzed to establish their reliability and the Cronbach’s alpha (o)
value of the pre-test was .691, compared with .730 of the post-test. Disparity index (D) of both tests was .60.
Accordingly, the two tests can be considered as having good internal consistency (George & Mallery, 2003).

2.3 Data Analysis

First of all, the numerical results of pre-test and post-test were written in a *.xls file, and by SPSS/PC 18.0,
paired samples 7-test was first carried out to see whether there was significant difference between the two tests,
i.e., significant level was set at .001. After that, the data were analyzed by using equations and Matlab 7.10
software. Students’ scores were arranged from high to low, and the number of correct answer items was ordered
from more to less so as to calculate all percentage, caution indices for students and items, and disparity index.

For sorting and calculating S-P chart, total S and P, S curve and P curve and disparity index were displayed in a
S-P chart. Afterward student and item caution indices and correct answer rate were compared so that the type of
students and items can be classified.

As to GSP chart, the equations of LGRA and Larger-the-better are used to calculate Gamma which can be used
to generate a GSP chart. Students were arranged from high to low based on LGRA-S values, and item orders are
from more to less depending on LGRA-P values. Then, the matrix of LGRA-S and LGRA-P values was
calculated to produce GSP chart, total S and P, and GSP graphs.

As for GSM graph, the value of coefficients: distinguish coefficient p, class coefficient 8, and path coefficient w
were determined, followed by using Matlab toolbox for GSM to produce GSM structure diagrams so as to
examine the relationship between students and test items.
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3. Results
3.1 Comparison of Pre-Test and Post-Test Scores

The test scores of pre-test and post-test were compared by pair-sample #-test and the result is shown in Table 3.
As can be seen, there is a significant mean difference in the pre- and post-test (¢ = -17.899, sig = .000). Thus, it
can be said that the students’ English learning improve after receiving the remedial instruction.

Table 3. Paired samples #-test result of pre- and post-test

Test Mean SD df t-value
Pre- 66.0 15.654 19 -17.899%**
Post- 84.8 12.755

Note. ¥** p < .001.

3.2 S-P Chart Analysis

The S curve and P curve of the pre- and post-test are shown in Figure 2.

Figure 2. S-P chart for pre-test (and post-test)

If the caution index for student (CS) is greater than 0.5, the corresponding students and items should be paid
attention to as shown in Table 4. In the pre-test, students S, got the highest score while students S;4 received the
lowest one. When the level of question items is considered, item P,, was the easiest question, but item Py, was
the most difficult one. In relation to CS, 12 students (Ss, S10, S7, S1s, S11, S13, S109, S9, S20, S17, S12, S14) needed
teacher’s attention, but it was reduced to 7 students (Sy, S13, S17, Ss, S1, S12, S14). Among them, student Sg, S17,
S12 and S14 should receive teacher’s personal guidance in order to achieve better academic achievement.
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Table 4. Student assessment results of the pre- and post-test

Pre-test Post-test
Student  Total LGRG  Ratio CS Type Student  Total LGRG  Ratio CS Type
2 22 1 0.88 0.16 A 2 25 1 1 0 A
5 21 0.92 0.84 0.83* A 5 25 1 1 0 A
10 21 0.92 0.84 0.96* A 10 25 1 1 0 A
6 20 0.85 0.80 0.50 A 18 25 1 1 0 A
18 20 0.85 0.80 0.50 A 6 24 0.9 0.96 0.34 A
3 19 0.77 0.76 0.48 A 3 23 0.8 0.92 0.40 A
19 0.77 0.76 0.55% A 07 23 0.8 0.92 0.20 A
15 19 0.77 0.76 0.62* A 15 23 0.8 0.92 0 A
16 18 0.69 0.72 0.41 B 16 22 0.7 0.88 0.29 A
11 17 0.62 0.68 0.52% B’ 19 22 0.7 0.88 0.36 A
13 17 0.62 0.68 0.83* B’ 20 22 0.7 0.88 0.14 A
19 17 0.62 0.68 0.77* B’ 9 21 0.6 0.84 0.63* A
9 16 0.54 0.64 0.65* B’ 11 21 0.6 0.84 0.44 A
20 16 0.54 0.64 0.62* B’ 13 21 0.6 0.84 0.51* A
4 13 0.31 0.52 0.12 B 17 19 0.4 0.76 0.76* A
8 13 0.31 0.52 0.2 B 8 18 0.3 0.72 0.51* B’
17 12 0.23 0.48 0.51* C 1 17 0.2 0.68 0.53%* B’
1 11 0.15 0.44 0 C 12 17 0.2 0.68 0.97* B’
12 10 0.08 0.40 0.84* C’ 4 16 0.1 0.64 0.13 B
14 9 0 0.36 0.51* C’ 14 15 0 0.60 0.84* B’

Note. * CS>0.5.

If the caution index for item (CP) is smaller than 0.5, the corresponding students and items should be paid
attention to. Regarding CP (see Table 5), 14 items in the pre-test have been identified as having unclear meaning,
with heterogeneous composition or not well prepared; but, the number in the post-test dropped to 6 items.
Among them, item S,3, S7, S19 and S5 should be revised to make them more suitable and effective.

Table 5. Item assessment results of the pre- and post-test

Pre-test Post-test

Student  Total LGRG  Ratio CS Type Student  Total LGRG  Ratio CS Type
22 18 1 0.90 0.57* A’ 3 20 1 1 0 A
6 17 0.93 0.85 0.97* A’ 12 20 1 1 0 A
9 17 0.93 0.85 0.82% A’ 2 19 0.89 0.95 0.32 A
23 17 0.93 0.85 0.87* A’ 6 19 0.89 0.95 0 A
4 16 0.86 0.8 0.42 A 9 19 0.89 0.95 0 A
05 16 0.86 0.8 0.46 A 11 19 0.89 0.95 0.32 A
17 16 0.86 0.8 0.38 A 22 19 0.89 0.95 0.32 A
24 16 0.86 0.8 0.42 A 23 19 0.89 0.95 0.65* A’
14 15 0.79 0.75 1.05%* A’ 7 18 0.78 0.9 0.53%* A’
19 15 0.79 0.75 1.09%* A’ 14 18 0.78 0.9 0.26 A
25 15 0.79 0.75 0.8%* A’ 19 18 0.78 0.9 0.61%* A
8 14 0.71 0.7 0 A 25 18 0.78 0.9 0.53* A’
11 14 0.71 0.7 1.29%* A’ 4 17 0.64 0.85 0.3 A
7 13 0.64 0.65 0.76 A’ 5 17 0.64 0.85 0.32 A
10 13 0.64 0.65 0.67* A’ 10 17 0.64 0.85 0.26 A
18 13 0.64 0.65 0.13 A 17 17 0.64 0.85 0.32 A
2 12 0.57 0.60 1.06* A’ 24 17 0.64 0.85 0.38 A
16 12 0.57 0.60 0.03 A 1 16 0.56 0.8 0.05 A
15 11 0.5 0.55 0.16 A 08 15 0.44 0.75 0.04 A
3 10 0.43 0.5 0.58%* A’ 16 15 0.44 0.75 0.35 A
12 10 0.43 0.5 0.58%* A’ 18 15 0.44 0.75 0.39 A
13 9 0.36 0.45 0.16 B 21 15 0.44 0.75 1.22% A’
21 9 0.36 0.45 0.16 B 15 13 0.22 0.65 0.35 A
20 8 0.29 0.4 0.21 B 20 13 0.22 0.65 1.06* A’
1 4 0 0.2 1.11* B’ 13 11 0 0.55 0.62 A’

Note. * CP >0.5.
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3.3 Types of Students’ Learning

Caution index for students (CS) and percentage of scores were calculated to identify six types of students’
learning (see Figure 3). The number of type A which represented effective learning, was increased threefold in
the post-test, i.e., from 4 to 12 which represent 60% of the students; by contrast, a number drop was found in
type A’ (much carelessness) and B’ (a little carelessness and need diligence) between pre-test and post-test.
Three students (S4, Sg, S16) Were generally fine and needed diligence in learning (type B) in the pre-test, yet only
one student (S4) remained in the same condition in the post-test. One student (S;) lacked of sufficient learning
strength (type C) and three (S14, S12, S17) had unusual learning (type C’) in the pre-test test, but they were not
seen in the post-test. It should be noted that after the instruction, student S, still stayed at the same type (type B)
and student Sg declined from type B to type B’.

508
9 1009
100% 100%¢ 506
s)5 so7 ®
s02 s0 ® [lsie s10®
" s05 s10 » ® ® 51 s s09
o8 . . o o .
sof so7 si5 s17
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Caution Index of Student Caution Index of Student

Figure 3. Student type diagram for pre-test (left) and post-test (right)

3.4 Types of Test Item

Caution index for problem (CP) and item passing ratio were analyzed to diagnose the question quality of pre-test
and post-test, and question type diagrams are shown in Figure 4. As can be seen, there were 8 problems typed A
in the pre-test, which were suitable for distinguishing low achievers form other types of students; however, the
number showed a tremendous increase of 18 questions in the post-test. By contrast, the number in the other three
types dropped; that is, for type A’, 7 questions contained improper problems with heterogeneity, but the number
was decreased slightly to 5 (P, P13, P19, P23, P25). Also, 3 questions (Pz, P21, P13) were very difficult (type B)
and 2 questions (P, P12) were high heterogeneous and need modification (type B’) which has high difficulty,
but no question appeared in both types in the post-test. It should be pointed out that item P,, P,3 and Pss
remained at the same difficult level (A’) as in the pre-test, and item P,o and P,; which were typed B in the
pre-test, cannot be categorized into any of the four types in the post-test.
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Figure 4. Question type diagram for pre-test (left) and post-test (right)

3.5 GSP Graph Analysis

Students’ scores of pre- and post-test were analyzed, and the results were classified into five categories as shown
in Table 6.

Table 6. The classification results of students

GS value Category (Achievement) Pre-test Post-test
GS=>0.8 A (Excellent) 5 8
0.6<GS<0.8 B (Good) 7

0.4<GS<0.6 C (Medium) 2 1
02<GS<04 D (Weak) 3 3
GS<0.2 E (Inferior) 3 2

The GSP graph of pre- and post-test was established by using a combination of the S-P chart analysis and the
results of GSP chart analysis as shown in Figure 5. It should be pointed out that the intersection point of Logistic
Regression equations and Rasch line = 0.5 represent the mean value and item difficulty of the two tests. As can
be seen, the students’ mean value fell slightly from 38.5% to 37.5% which means students’ gamma value did not
increase obviously. The Figures also show that the item difficulty was reduced by 9% (from 30% to 21%). This
means that the question items in the post-test became easier than those in the pre-test. Because of this, it can be
said that that the remedial instruction had a positive effect on students’ learning.

0% 100%
Student - Problem

0%
‘Shudert - Protiem

Figure 5. GSP graph of pre-test (left) and post-test (right)
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3.6 Cluster Analysis of GSM Structure

GSM structural analysis is run through a matrix using Matlab software to produce the GSM structural graph of
the students and items as describes below.

3.6.1 GSM Structural Graph of Students

The GSM structural graph of students of the pre- and post-test are shown in Figure 6. Both graphs have 6 layers,
that is, while the students at the top of the diagraph were high achievers with higher English test scores, those at
the bottom are underachievers with lower English test scores. The hierarchical structure in GSM combined
several relative elements and grey relational paths existed among students, as follows.

1) Grey relational grade (y) > 0.75
® Pre-test: S, » Sg, S10 » S, S1s
® Post-test: S,, Ss, S10, S1s
2) Grey relational grade (y) < 0.50
® Pre-test: S1a, S12, S1 € S17, S, Sa € S20, So, S19
® Post-test: S14, Sa, S12, S1 € S17, Sg € S13, S11, S9 € S20, S19, S16

After the remedial instruction, 4 students (S5, Ss, S10 and S1g) with grey relational grade (y) > 0.75 reached at the
top layer, compared with only one student (S;) before receiving remedial instruction. However, when grey
relational grade (y) < 0.50 is considered, the number of students in the post-test showed an increase of 4 and
scattered over 3 layers.

.....

|||||

Figure 6. Students’ GSM structural graph of pre-test (left) and post-test (right)

3.6.2 GSM Structural Graph of Question Items

The GSM structural graph of question items of the pre- and post-test are shown in Figure 7. Both graphs have 6
layers, and items on the top layer represent the most difficult, but the lowest layer has just the reverse. The
hierarchical structure combined several relative elements can be seen and the following lists grey relational paths
in both graphs.

1) In order to evaluate the effects of remedial instruction effectively, the grey relational paths of the post-test
were investigated in particular. A close relationship was found among Pg, P; and P4, and as having the highest
correct rate, P; and P,4 can be deleted. For the same reason, Pyg, P23, and P,5 can also be removed from the
test.

2) When grey relational grade (y) > 0.75 is taken into account, 8 items (P,y, Ps, Po, P23, P4, Ps, P17, P24) Were
in accordance with this grade in the pre-test, but only 2 items (P3, P1,) reminded the same grade in the post-test.

3) Taken account of grey relational grade (y) < 0.50 and > 0.25, 7 items (P31, P13, P12, P3, P1s, P16, P2) Were
found in the pre-test, but there was 10 items (P31, P1g, Ps, P16, P1, P24, P17, P10, Ps, P4) in the post-test. Taken
remedial instruction into consideration, these question items play key roles in promoting the effects of students’
achievement.
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Figure 7. Question items’ GSM structural graph of pre-test (left) and post-test (right)

4. Discussion

Most statistic methods (i.e., #-test, correlation and ANOVA) are commonly used to identify the impact of
teaching programs on students’ learning, as in this research in which after implementing a remedial instruction, a
considerable improvement of students’ achievement was found by paired samples ¢-test. This is actually in
keeping with the purposes of statistics analysis in which the results and implications can be broader and
generalized. In fact, it is necessary to note that a key criticism of existing statistics is that they often lead to more
general and overall results rather than more specific ones. More importantly, when remedial instruction in which
the progress of each student is emphasized is concerned, this is one of the limitations in most statistic methods,
which in part, is for the lack of precise design on the part of statistic techniques. This is one of the key
motivations for initiating this research that the statistics methods based on Grey theories can effectively assess
individual students’ achievement after a remedial instruction.

In this paper, the S-P chart, GSP chart and GSM method were used to examine the effect of a remedial
instruction on fourth grade students in Northern Taiwan. The aim was to demonstrate these methods can be used
as useful and effective tools within the classroom for elementary English teachers to measure individual students
learning condition and achievement. The findings and implications of this research are as follows.

B

First of all, from S-P chart, S-curve and P-curve visually represented the average percentage of correctly
answered tests, which mean showing students’ correct answers rate and test’s item difficulty. Both can be used to
determine whether the questions have the discrimination, and this can be applied to estimate the students’
learning which needs to be strengthened. It is true to say that the degree of appropriateness and effectiveness of
teaching is limited if students’ test scores are low, and students’ learning achievement will not become evident if
the item difficulty had been high.

Another way of analyzing caution index for students (CS) and for items (CP) is the classification of students’
learning condition and item difficulty. Both classifications contained 6 types depict the students” movement from
ineffective to effective and the item changes from difficult to easy, respectively. As with the nature of Type B
(much carelessness) and B’ (a little carelessness and need diligence), the attitudinal element in learning is
probably the most critical, and as such, attitudes have been suggested as the starting point in many learning
situations. There are, of course, instructional adaptations (e.g., content, materials, activities, etc.) based on
students’ conditions that can be made, and this will remain to future research to probe the effect of adaptations
on students’ learning condition and performance.

In addition, the GSP chart presented in the paper can evaluate each student’s improvement in an English
remedial instruction by comparing the difference between pre-test and post-test. The difference of GSP graphs
between pre-test and post-test indicated that the effect of remedial instruction is shown in the changes of the
students’ average score and a fall of the item difficulties from Rasch line = 0.5. The slope of the lines in graphs
not only clarifies uncertain aspects of their learning but also suggests areas for each student to be improved.

Finally, the GSM method draws the diagraph which shows a relationship among students and question items
with a directive path and their position with a visual hierarchy. That is to say, it can be used to establish a
learning map of each individual student, so that teachers can know their students’ weaknesses to be deal with in
class so as to promote their teaching efficiently. And for students, they can be taught based on their language
ability, and this can increase their confidence and then the progress of their learning is more likely to be seen.

A limitation of this research is that there was an elementary school English remedial instruction to verify the
clustering and hierarchy, but under such a small amount of number and item number, the study provides teachers
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with an evaluation means of their teaching and students’ learning during and after teaching. Given that there is
no official assessment instrument to be used in reference to remedial programs in elementary schools in Taiwan,
it will be important for instructors to at least be aware of different evaluation methods instead of merely using
school tests, and then adopt them necessarily and effectively.

Another implication is that to assist in assessing remedial instruction in this study, a combination of different
graphic analysis seems to be relevant to elementary school English teachers. That is, based on the graphic results,
it can be used at the middle of their teaching in order to make any adjustment for the rest of instruction, or at the
end as a review for the effectiveness of instruction or implications for the succeeding lessons to keep their
teaching efficient and successful. It is obvious that this study’s findings, along with the result of previous
research, benefit elementary school English teachers and instructors of remedial programs especially in assessing
their students’ progress or achievement of English language learning.

To sum up, the combination of S-P chart, GSP chart and GSM method in this study served as an assessment
system to produce graphic results from a small amount of students and test items. It appears to be an effective
method of clustering students’ learning achievement and condition and a practical way to find out students’
learning progress in graphic ways. This can be used to serve as a precise learning map for teachers and for
instructors in remedial programs in particular, that is to say, it provides useful information about designing and
organizing lessons and then assigning different tasks, activities and assignments to different groups based on the
clustering result. Consequently, teachers can adjust their teaching to be more appropriate and beneficial to their
students.
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