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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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Digraph can be drawn by using three parameters: distinguish coefficient ρ which decides the basic composition 
of digraph, class coefficient θ which gives the hierarchy, and path coefficient ψ 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 (α) 
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 t-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 ρ, class coefficient θ, and path coefficient ψ 
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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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 
7 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 S₂₃, S₇, S₁₉ and S₂₅ 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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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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