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Abstract. One of the primary activities for the faculty development of uni-
versities is to improve contents and methodology of classes by questionnaire
surveys for students. In this study, we propose AHP with a ternary graph to a
questionnaire survey for class evaluation in order to measure students’ inte-
grating evaluations which reflect on their concepts of values. Our method has
two features. First, a weight vector for three criteria: Expertise, clarity, and
personality, is measured not by calculating three combinations of pairwise
comparisons but by selecting a grid area in a ternary graph. The proposed
method is favorable for anonymous questionnaire surveys because respondents
cannot be identified, and thus it is impossible to ask the respondent to reassess
the pairwise comparisons if the C.I. value exceeds a threshold. Second, the
weighting of the criteria on the goal and that of the alternatives on the criteria are
by different two respondents. The former is by the students while the latter is by
a faculty member. This division reflects on not only the easiness of assessments
but also the consistency with the objective of the class evaluation. In the future
work, we can develop a matching system which recommends the suitable
classes for students in combination with needs of the students and characteristics
of the classes. This is because a student may favor a class favored by the
previous students who have similar concept of views on class evaluation.
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1 Introduction

The faculty development of universities in Japan has been regarded as extremely
important from the point of human resource development. One of the primary activities
of the faculty development is to improve contents and methodology of classes by
questionnaire surveys for students, and thus many universities not only activate their
improvements but also many academic papers support effective faculty development.
The main purpose of questionnaire surveys is to assess faculty members. The results
analyzing the surveys should be considered for the improvement of classes and
learning outcomes for the students [1, 2].
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To contribute an improvement, questionnaire surveys must measure needs of stu-
dents promptly and must communicate their results with faculty members with cer-
tainty. However, our teaching experiences suggest that there often exist mismatches of
integrating evaluations and specified questions. For example, a student gave a low
degree for an overall judgment while she gave high degrees for many specified points.
In contrast to this, another student gave a high degree for the overall judgment while he
gave low degrees for many specified points. The simple average of specified points
cannot give a sufficient summary of the survey, and thus we need another approach to
explain such a mismatch.

In a general approach on questionnaire survey of class evaluation, the overall
evaluation is calculated as an arithmetic mean of evaluations for all specified questions.
This calculation cannot reflect what evaluation an evaluator weighs heavily. Even if
two evaluators give the same degree for a same question, the degree may have different
weights for them.

An Analytic Hierarchy Process (AHP) [3, 4] is favorable to such a situation. AHP
can quantify subjective elements including concepts of values. By installing AHP into
the questionnaire survey, students’ integrating evaluations which reflect on their con-
cepts of values can be measured, and thus a mismatch between specified questions and
the overall question can be resolved [5, 6].

Here we propose a method using a ternary graph [7, 8]. This is effective to measure
a weight vector of three elements because students consider only what they select an
area in a ternary graph. In a general usage of AHP, three pairwise comparisons are
needed for three elements because 3C2 = 3. Moreover, the C.I. value of the comparison
matrix should be less than a threshold. If not, additional pairwise comparisons are
required to an evaluator. However, it may be impossible if the questionnaire survey
should be done anonymously.

2 Methods

In this study, we use a hierarchical diagram of AHP as shown in Fig. 1. In this AHP,
the goal is to evaluate a class and the criteria are three elements: Expertise, clarity, and
personality. These criteria were extracted by our exhaustive surveys of 19 universities
in Japan. Their meanings are, respectively, whether students gained knowledge of the
Expertise, whether they understood the content presented by their teacher, and whether
their teacher had a personal attractiveness. The alternatives of the AHP are the fol-
lowing seven elements which are also extracted by our exhaustive surveys.

1. The theme of the class was always shown clearly.
2. Contents wrote on the blackboard and supplementary materials were easy for you to

understand.
3. The teacher explained the contents clearly as you understood.
4. The teacher taught with eagerness.
5. The teacher taught in a suitable difficulty for your understanding.
6. The teacher promptly considered questions and comments in and out of class.
7. The teacher had a sufficient expertise.
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In the ternary graph, when an evaluator indicates an area close to a vertex, V, she
weighs V relatively heavily. In the pioneering work by [7], an evaluator should mark a
dot in the triangle. However, this method has two constraints, i.e., she never marks on
the border, and it is difficult to accurately measure the point she marks, in exchange of
no constraint for plotting. In contrast to their method, we propose another method using
a ternary graph as shown in Fig. 2.

As shown in the figure, the triangle is divided into 25 areas using a ternary graph.
A vector cR = (Re, Rc, Rp) is uniquely determined for a grid area
R(R 2 fa,b,c,. . .ygÞ, where Re, Rc, and Rp denotes, the value of Expertise, that of
clarity, and that of personality, respectively, where those values are between 1 to 5.
A correspondence table of grid areas and their weight vectors, vR, calculated by a
pairwise comparison matrices are shown as Table 1, and the meanings of values in a
pairwise comparison matrix are shown in Table 2. For an example, the case of the grid
area “h” is shown in Table 3.

Fig. 1. A hierarchical diagram

Fig. 2. A ternary graph for the questionnaire survey.
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Table 1. A correspondence table of grid areas in the ternary graph and their weight vectors. wR

is defined later.

R CR VR WR

a (5, 1, 1) (0.818, 0.091, 0.091) (0.059, 0.133, 0.179, 0.057, 0.126, 0.086, 0.361)
b (4, 2, 1) (0.731, 0.188, 0.081) (0.060, 0.141, 0.199, 0.057, 0.131, 0.086, 0.327)
c (4, 1, 1) (0.778, 0.111, 0.111) (0.059, 0.134, 0.181, 0.061, 0.129, 0.090, 0.346)
d (4, 1, 2) (0.731, 0.081, 0.188) (0.059, 0.130, 0.169, 0.077, 0.132, 0.104, 0.328)
e (3, 3, 1) (0.455, 0.455, 0.091) (0.061, 0.162, 0.253, 0.066, 0.148, 0.093, 0.218)
f (3, 2, 1) (0.637, 0.258, 0.105) (0.060, 0.146, 0.211, 0.064, 0.137, 0.092, 0.290)
g (3, 2, 2) (0.600, 0.200, 0.200) (0.060, 0.140, 0.192, 0.082, 0.141, 0.109, 0.276)
h (3, 1, 2) (0.637, 0.105, 0.258) (0.060, 0.131, 0.168, 0.092, 0.139, 0.1 19, 0.291)
i (3, 1, 3) (0.455, 0.091, 0.455) (0.061, 0.127, 0.149, 0.133, 0.152, 0.157, 0.222)
J (2, 4, 1) (0.188, 0.731, 0.081) (0.063, 0.185, 0.309, 0.071, 0.164, 0.096, 0.1 12)
k (2, 3, 1) (0.258, 0.637, 0.105) (0.062, 0.177, 0.288, 0.074, 0.160, 0.099, 0.140)
l (2, 3, 2) (0.200, 0.600, 0.200) (0.063, 0.172, 0.273, 0.093, 0.165, 0.1 17, 0.118)
m (2, 2, 2) (0.333, 0.333, 0.333) (0.062, 0.148, 0.207, 0.1 14, 0.158, 0.138, 0.172)
n (2, 2, 3) (0.200, 0.200, 0.600) (0.062, 0.133, 0.159, 0.167, 0.169, 0.188, 0.123)
o (2, 1, 3) (0.258, 0.105, 0.637) (0.062, 0.125, 0.136, 0.172, 0.166, 0.193, 0.146)
P (2, 1, 4) (0.188, 0.081, 0.731) (0.062, 0.121, 0.124, 0.191, 0.172, 0.21 1, 0.119)
q (1, 5, 1) (0.091, 0.818, 0.091) (0.063, 0.192, 0.326, 0.075, 0.170, 0.100, 0.074)
r (1, 4, 1) (0.111, 0.778, 0.111) (0.063, 0.188, 0.316, 0.079, 0.169, 0.103, 0.082)
s (1, 4, 2) (0.081, 0.731, 0.188) (0.063, 0.183, 0.300, 0.094, 0.172, 0.1 17, 0.071)
t (1, 3, 2) (0.105, 0.637, 0.258) (0.063, 0.174, 0.275, 0.106, 0.171, 0.129, 0.081)
u (1, 3, 3) (0.091, 0.455, 0.455) (0.063, 0.156, 0.222, 0.143, 0.175, 0.164, 0.078)
v (1, 2, 3) (0.105, 0.258, 0.637) (0.063, 0.137, 0.167, 0.176, 0.176, 0.196, 0.085)
w (1, 2, 4) (0.081, 0.188, 0.731) (0.063, 0.130, 0.145, 0.194, 0.178, 0.213, 0.077)
x (1, 1, 4) (0.111, 0.111, 0.778) (0.063, 0.123, 0.126, 0.202, 0.177, 0.221, 0.089)
y (1, 1, 5) (0.091, 0.091, 0.818) (0.063, 0.120, 0.118, 0.210, 0.178, 0.228, 0.082)

Table 2. The meanings of values using in a pairwise comparison matrix.

A differences of distances
from two vertices

Definition Value

0 Equal importance 1
1 Weak importance 3
2 Strong importance 5
3 Very strong importance 7
4 Absolute importance 9

Table 3. A pairwise comparison matrix of the grid area “h”.

Expertise Clarity Personality
Expertise 1 5 3
Clarity 1/5 1 1/3
Personality 1/3 3 1
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The pairwise comparisons for weighting three criteria are conducted by a faculty
member. The weight vectors of pairwise comparison matrices of alternatives are ve, vc
and vp. With vectors ve, vc and vp, a matrix S is defined as

S¼½ve; vc; vp%:

Using those three vectors, the final weight of the hierarchy is yielded as

wR ¼ S ! t vR:

Here tvR means the transposed matrix of vR. Summing up these processes, the
overall values of the hierarchy in Fig. 1 can be calculated. This calculation follows the
general method of AHP.

The vector sn ¼ Q1n; Q2n; Q3n; Q4n; Q5n; Q6n; Q7nð Þ represents a sequence
of values of the seven questions answered by each student n ðn 2 1; 2; . . . 25f gÞ.
Using above weights, we can compute students’ integrating evaluations which reflect
their concepts of values as vn. The overall value vn of student n is defined with
sn ðn 2 f1; 2; . . .25gÞ and wR (R denotes the area student n chose) as follows:

vn ¼ sn ! wR:

3 Preliminary Results

In this paper, we conducted a questionnaire survey of 27 freshman students of the
Department of Mathematics, School of Teacher Education, Shumei University (age: 19
or 20, 9 female and 18 male). The number of valid responses was 25. The aggregate
result of selecting grid areas of the ternary graph is shown in Fig. 3. In the diagram,
students answered the following question: We have three evaluating factors: Expertise,
clarity, and personality. Please select the most suitable grid area out of the 25 con-
sidering weights you give to these three factors. Table 4 and Fig. 3 show the students’
responses.

The pairwise comparisons for weighting three criteria were conducted by the first
author as shown in Table 5.

The eigenvalues and the weight vectors of pairwise comparison matrices of
alternatives are calculated as kmax;e ¼ 7:582; ve ¼t 0:058; 0:127; 0:168; 0:035;ð
0:114; 0:066; 0:432Þ; kmax;c ¼ 7:551; vc ¼t 0:064;ð 0:208; 0:370; 0:061; 0:175;
0:086; 0:037Þ; and kmax;p ¼ 7:465; vp ¼t 0:063; 0:110; 0:085; 0:246;ð 0:186; 0:262;
0:048Þ; respectively. Each C.I. value of the matrix is, in order, 0.097, 0.092, and 0.078.
Neither exceeds the threshold (0.1). Resulting weights of each grid area wR are shown in
the rightmost column in Table 1. Finally, students’ integrating evaluations vn which
reflect on their concepts of values are shown in the rightmost column in Table 4.
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Table 4. The questionnaire results of 25 students. Q1 to Q7 corresponds to the alternatives of
the AHP previously explained. The values of alternatives are, respectively, 5 (strongly think so),
4 (think so), 3 (do no know or do not care), 2 (do not think so), and 1 (never think so).

Student
number

Grid area
selected

Q1 Q2 Q3 Q4 Q5 Q6 Q7 vn

1 m 5 5 5 5 5 5 5 5.00
2 m 4 4 4 4 4 4 4 4.00
3 n 4 4 5 5 5 5 5 4.81
4 m 5 5 5 5 4 5 5 4.84
5 r 5 5 5 5 5 5 5 5.00
6 g 5 5 4 5 5 5 4 4.53
7 m 5 5 5 5 5 5 4 4.82
8 n 5 4 5 5 4 4 4 4.39
9 n 5 5 5 5 4 5 5 4.83
10 r 4 4 4 5 4 4 5 4.16
11 n 4 4 5 5 5 5 4 4.68
12 l 5 5 5 5 3 5 5 4.67
13 u 4 4 3 4 2 4 4 3.43
14 m 5 5 5 4 3 5 5 4.57
15 m 5 4 5 5 5 5 3 4.50
16 h 4 5 5 5 5 5 5 4.94
17 m 5 5 4 5 4 5 4 4.46
18 k 3 4 4 3 4 4 3 3.73
19 m 4 5 5 4 5 5 5 4.82
20 l 4 4 3 4 4 4 3 3.61
21 g 4 5 3 4 3 3 4 3.70
22 f 4 5 4 4 2 4 4 3.87
23 m 4 5 4 4 4 4 4 4.15
24 t 4 5 4 5 3 5 3 4.16
25 m 4 4 4 5 4 4 4 4.11

Fig. 3. The number students select each grid area in the ternary graph.
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4 Discussion

In this study, we propose an AHP method using a ternary graph for a questionnaire
survey for class evaluation in order to measure the needs of the students correctly. Our
method has two features. First, a weight vector for three elements is measured by not
three combinations of pairwise comparisons but selecting a grid area in a ternary graph.
The anonymous questionnaire cannot identify a respondent, and thus it is impossible to
reassess the comparisons if the C.I. value exceeds a threshold. To avoid this point,
selecting a grid area in the ternary graph can be uniquely identified the closest weight
vector whose C.I. value doesn’t exceed a threshold. The merit of this method is to
measure the assessments responded by students to consider their individual weights of
each element. On the other hand, selecting a grid area in the ternary graph is a difficult
task for the students, and thus this point requires a future consideration.

Second, the weighting of the criteria on the goal and that of the alternatives on the
criteria are by two different respondents. The former is by the students while the latter
is by a faculty member. The pairwise comparisons among seven items require 21
comparisons. Not only this point, but also the former weighting is suitable not for the
students but faculty members because their items are designed by the faculty members
themselves.

In future work, this analysis will be useful for the future students to choose their
classes by aggregating data. This method expects that the needs of the students and the
characteristics of the classes can be measured, and so we can develop a matching
system which recommends the suitable classes for students. The matching system
considers the information of a grid area (one of 25) a student selects in the ternary
graph, because such information is regarded as a reflection on one’s concept of views.
Then, the previous students who had the same concepts of views are extracted. It is not
so unnatural that the student and the previous ones have similar concept of views on
class evaluation, and thus the student may favor a class favored by the previous
students.

Table 5. A pairwise comparison matrix of alternatives on (a) Expertise, (b) clarity, and
(c) personality.

(a) Q1 Q2 Q3 Q4 Q5 Q6 Q7 (b) Q1 Q2 Q3 Q4 Q5 Q6 Q7 (c) Q1 Q2 Q3 Q4 Q5 Q6 Q7

Q1 1 1/2 1/3 2 1/3 1 1/5 Q1 1 1/3 1/9 3 1/3 1/3 1 Q1 1 1 1 1/5 1/3 1/5 1

Q2 2 1 1 5 2 1 1/5 Q2 3 1 1 3 1 3 5 Q2 1 1 1 1/3 1 1/5 5

Q3 3 1 1 5 3 3 1/5 Q3 9 1 1 7 3 5 7 Q3 1 1 1 1/3 1/3 1/3 3

Q4 1/2 1/5 1/5 1 1/5 1/2 1/5 Q4 1/3 1/3 1/7 1 1/3 1 3 Q4 5 3 3 1 1 1 5

Q5 3 1/2 1/3 5 1 3 1/5 Q5 3 1 1/3 3 1 3 5 Q5 3 1 3 1 1 1 3

Q6 1 1 1/3 2 1/3 1 1/5 Q6 3 1/3 1/5 1 1/3 1 3 Q6 5 5 3 1 1 1 3

Q7 5 5 5 5 5 5 1 Q7 1 1/5 1/7 1/3 1/5 1/3 1 Q7 1 1/5 1/3 1/5 1/3 1/3 1
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