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Abstract - In this study, the peer instruction precedence ordering theorywas applied to the differentiation of function test to 
provide a strategy reference for grouping students under peer instruction environment in order to achieve the purpose of 
simplifying the program. It also provides students with a customized peer instruction precedence ordering structure so that 
each student can learn from the appropriate instructor during the class or after school hours and make up for the limited time 
teachers can provide for individual students, and promote good interaction between students to achieve the goal of learning. 
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I. INTRODUCTION 
 
The traditional method of education is usually taught 
on lecture courses and students as a passive listener in 
class [1]. There are no fully understood in the core 
concept after a lot of calculation exercise in a part of 
students [2,3,4]. In lecture courses, mostly teachers 
teach a systematic and organized knowledge to 
students. Although, teacher prepares more completed 
class concept for students. Because students through 
the passive learning even accept the knowledge on 
class. However, this style of environment of the 
passive learning absent the ability to cultivate 
student’s thinking. Over time, students only thing the 
knowledge what the teacher teaching, and students 
will forget the importance of thinking and 
understanding. However, without thinking about the 
knowledge of learning, leading to the learners loss the 
core value of the basic concept, so not only easy to 
forget and can not to be integrated into the concept. 
Therefore, many students will develop an inactively 
think habit when they accept the state of problem, but 
the bad habits that waiting for the teacher give the 
solution of question. The results seem cannot achieve 
the purpose of improving students thinking state and 
weak self-motivations afterschool [5].   
 
Many related studies showed that the learners can 
take the initiative to participate in learning, will be 
able to develop an inference ability, and also found a 
cooperative learning state is an effective method to 
promote to participate in learning [6]. 
 
Peer instruction is a high achievement of students to 
assist students who need teaching support to improve 
learning and assist teachers to carry out teaching 
courses. When students have a greater difference 
between the ability of each other, the high 
achievement of students can be a head of team to 
provide some need learning assistant students to 
provide learning ability or those need for additional 
learning students. Above that can promote learning 

ability and can save teachers’ times and improve 
teaching states.  
 
One of the peer instruction strategies is to choose the 
best assistant student or group member. The assistant 
student must have the necessary academic and social 
skills to teach low achievement students without the 
assistance of any teacher. 
 
II. ORDERING THEORY 
 
Airasian& Bart (1973)[7] proposed the first Ordering 
Theory (OT) to determine the linear relationship 
among two items. Let I and J to be two binary score 
items; the four response patterns (00), (01), (10), (11) 
can be obtained from each test-taker with “0” relating 
to item incorrect and “1” relating to item correct. If 
item I is easier than item J, the linear relationship 
can’t be identified with response pattern (01), which 
is called errant response pattern. 
Assuming N subjects have been tested with item I and 
J, the contingency table shown in Table. 1. n01 
denotes number of subjects who answer the item I 
wrong and item J correct. If the percentage of errant 
response pattern, n01/N, is less than a tolerance  , 
usually0.02 ≤ ε ≤  0.04[7, 8], that item I is a 
precondition to item J, denoted asI → J. 

 
Table 1 Contingency table for item I and item J 

  Item J Total   1 0 

Item I 1 n11 n10 n1· 
0 n01 n00 n0· 

Total  n·1 n·0 N 
 
III. PEER INSTRUCTION PRECEDENCE 
ORDERING AND STRUCTURE 
 
Peer-Assisted Learning Strategies (PALS) is 
published by Fuchs et. al. [9], which teach how to 
take the initiative to acquire knowledge and skills. 
The instructor helps peer learning and also learns 
through feedback of learner in teaching courses. 
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Based on the idea of PALS and according to Airasian 
and Bart’s ordering theory can establish the learning 
process and found an appropriate instructor [10]. 
Let S = {S1, S2, …,SN} and P = {P1, P2, …, PM} be 
the set of N examinees and M items respectively. 
Suppose X = (xnm)N×M is the response matrix and xnm = 
1 when examinee n answer item m correctly; xnm = 0 
otherwise. Suppose Si and Sj are two students with 
low and high achievement respectively. Therefore, 
(xim, xjm) = (1, 0) is the errant pattern. The peer 
instruction precedence ordering coefficient for 
students Si and Sj can be calculated by following 
function:  
 

1
(1 )

M

ij im jm
m

x x M


  (1) 

 
Ifγij<ε, Si is a learner of Sj, Sj is an instructor of Si, 
denoted as Si → Sj, the same threshold valueεwas 
used as in OT. The pear instruction precedence 
matrix is defined as 

( )H ij N Nh  where
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IV. ILLUSTRATION OF PEAR INSTRUCTION 
PRECEDENCE ORDERING STRUCTURE 
 
This section demonstrates the process of constructing 
peer instruction. Table 2 showed the response of the 
seven questions in six students. To calculate the peer 
instruction precedence ordering coefficient between 
studentsby using (1). Table 3 showed the precedence 
ordering coefficient matrix γij and the peer instruction 
precedence matrix in Table 4.  
 
Table 4 showed S4 is the learner of S1 and 
S2(h41=h42=1), S5 is the learner of S1, S2, S3, and S4. S5 
can request guidance from any of the four people. 
LearningfromS1 is the ideal situation for all students, 
but the results cause S1 guidance effect of distribution 
uneven in other instructors (S2, S3, S4, S5) and to waste 
the guide of resources. It can be stratified to form a 
bottom-up peer instruction precedence ordering 
structure by the interpretive structural modeling 
(ISM) method which was proposed by Warfield 
(1982) [11]. The peer instruction precedence ordering 
structure was shown in Figure 1, S2 can learn from S1; 
S3 and S4 can learn from S2, if the S2 guide the 
situation is not well, then learn from S1. The seeking 
guidance path for S6 is S5→(S3, S4)→S2→S1. 
 
V. DATA AND RESULTS 
 
In this study, fifty five college students were 
examined by an eight-item calculus test of 
differentiations of functions. The test consist of four 
attributes, which are differentiation of a polynomial 
function, differentiation of an exponential function 

based on a polynomial function, differentiation of a 
logarithmic function-based on a polynomial function, 
differentiation of a trigonometric function based on a 
polynomial function, and differentiation ofa sum of 
different types of functions. Table 5 is the item-
attribute relevance table. The symbol “O” indicates 
for an examinee who answers the item right, he must 
master the current attribute before. The peer 
instruction precedence matrix is obtained by 
calculating the calculus test data by Equation (1) (2). 
 
Table 2 A simulated response matrix X for six examinees and 

seven items 

 P1 P2 P3 P4 P5 P6 P7 
S1 1 1 1 1 1 1 0 
S2 1 1 1 1 1 0 0 
S3 1 1 1 0 1 0 0 
S4 1 1 1 1 0 0 0 
S5 1 1 1 0 0 0 0 
S6 1 0 0 0 0 0 0 

 
Table 3 Precedence ordering coefficient matrix γ 

 S1 S2 S3 S4 S5 S6 
S1 1 .143 .286 .286 .429 .714 
S2 0 1 .143 .143 .286 .571 
S3 0 0 1 .143 .143 .429 
S4 0 0 .143 1 .143 .429 
S5 0 0 0 0 1 .286 
S6 0 0 0 0 0 1 

 
Table 4 The pear instruction precedence matrix H 

 S1 S2 S3 S4 S5 S6 
S1 0 0 0 0 0 0 
S2 1 0 0 0 0 0 
S3 1 1 0 0 0 0 
S4 1 1 0 0 0 0 
S5 1 1 1 1 0 0 
S6 1 1 1 1 1 0 

 
Figure 1: The diagram of pear instruction precedence 

structure for six examinees 
 
Table 5 Item-attribute relevance table for eight items and five 

attributes 
 A1 A2 A3 A4 A5 

P1 O     
P2 O O    
P3 O  O   
P4 O   O  
P5 O O O  O 
P6 O O  O O 
P7 O  O O O 
P8 O O O O O 
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Note: 
A1:differentiation of a polynomial function 
A2:differentiationof an exponential function based on 
a polynomial function 
A3:differentiation of a logarithmic function based on a 
polynomial function  
A4:differentiation of a trigonometric function based 
on a polynomial function 
A5:differentiation of a sum of different types of 
functions. 
 
Figure 2 is a grid chartof peer instruction precedence 
matrix for 52 students. Black lattice in the figure is 
“1”as in Table 4 and the peer instruction precedence 
structure was built by ISM, as shown in Figure 3. All 
students are divided into six levels, and the lower 
level students are learners of the upper level, which 
can provide a basis of the teacher's initial grouping 
for peer education. 
 
In this studies, each student has his/her own 
customized peer instruction precedence structure 
diagram.Figure 4 is a diagram of peer instruction 
precedence structure for Student 5 (S5). The student 
can learn from the S27 and S30 in the beginning of 
seeking guidance, then learn from the S27, S22, ..., S44, 
S47 (the third layer from bottom), and the last learn 
from the S35.S27 was not like as other students in the 
same layer was pointed by S30 with arrow but pointed 
by S5, which means some concepts that S5 needs to 
learn is that S30 cannot give guidance. 
Table 6 is the response pattern from student 5, 27 and 
30 (S5, S27 and S30). S5had answeredP3, P5, and 
P8incorrect and S2 and S30 had wrong answers in P5 
and P8.From Table 5, the attributes A1 and A3 were 
needed to correctly answer P3; A1, A2, A3, and A5 were 
needed to correctly answer P5; and all attributes were 
needed to correctly answer P8. 
S30 answered P3 correctly but wrong in P5, indicating 
that this student could not give S5 guidance on 
learning A2. In addition answering P8 requires all 
attributes from A1 to A5, so S27 can also guide S5 in the 
guidance of A4 and A5 learning, but the guidance of A2 
learning has higher priority. 

 
Figure 2: Grid chart of pear instruction precedence matrix  

 
Figure 3: The diagram of pear instruction precedence 

structure of calculus test 
 

 
Figure 4: The diagram of pear instruction precedence 

structure for Student 5 (S5) 
 

Table 6 Response pattern from Student 5, 27 and 30 (S5, S27 
and S30) 

 P1 P2 P3 P4 P5 P6 P7 P8 

S5 1 1 0 1 0 1 1 0 

S27 1 1 0 1 1 1 1 1 

S30 1 1 1 1 0 1 1 0 
 
 
CONCLUSION 
 
In class, the teacher is facing all students. The 
teaching activities is the main consideration in class. 
Low learning achievement students often need to 
provide remedial teaching or one-to-one teaching. In 
fact, the teacher has no extra time to provide 
additional teaching for these students, so that it has no 
more practice time.The use of peer instruction can 
make up for the fact that teachers cannot provide 
enough time for practice and repeated teaching for 
each schoolchild under large class teaching, and 
provide appropriate remedial teaching for students 
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with learning delays or backwardness.Use peer-to-
peer opportunities to make up for the limited time 
that teachers can provide the individual students and 
to promote the healthy interaction between students 
and to achieve learning goals. 
 
In peer instruction, it is not easy to separate students 
into instructor group or learning group, and teacher 
need extra training for instructors. The peer 
instruction precedence ordering theory is used in this 
article to provide a preliminary grouping strategy for 
teachers, simplifies the related procedures, and 
provides students with customized structure diagrams 
to develop a self-learning process. An application of 
differentiation of function test are used as an example 
to present learners selecting appropriate guidance and 
learn to achieve self-learning and cooperative 
learning goals. 
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