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ABSTRACT

Purpose: A large number of attributes with mixed levels are often considered in the conjoint analysis. In
the cases where attributes have two or three levels, we research on the efficient design of survey ques-
tionnaire to estimate all the main effect and two factor interaction effects with a reasonable size of it.
Methods: To reduce the number of questions in a questionnaire, the balanced incomplete block mixed level
factorial design with minimum aberration was proposed by Lim and Chung (2016). Based on the number of
questions and that of the respondents in that design, D—-optimality criterion is adopted to find efficient designs
where the main effect and two factor interaction effects are estimated.

Results: The list of the number of questions and that of the respondents in efficient designs for survey ques-
tionnaire are recommended based on the D-efficiency of each design and the proposed selection criteria
for the number of both questions and the respondents. By analyzing all the respondents survey data generated
by the simulation study, we find the proper model.

Conclusion: The proposed methods of designing survey questionnaires seem to perform well in the sense
that how often the proper model is found in a simulation study where all the respondents survey data are

generated by the simulation model.
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Table 1. D-efficiency values with 2% x 3%

12
97.8
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24
99.4
99.4
99.4
99.3
99.3

30
99.6
99.6
99.5
99.5

36
99.7 *
99.7
99.6
99.6
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Table 2. Simulation lists of each mixed levels

44 D1 D2 D3
2 37 =574 =517 =574 =517 =574 =5217]
2 5 27 36 27 12 21 18
3 5 54 36 54 12 42 18
4 2 4 36 4 18 6 12
4 3 12 36 12 18 18 12
4 4 36 36 36 18 54 12
4 5 108 36 108 12 84 18
5 2 8 36 8 18 12 12
5 3 24 36 24 18 36 12
5 4 72 36 72 18 108 12
5 5 36 36 36 18 54 12

3.2. Simulation 74 ¥ £4] vhy

Ase HeE AlEdold By o) Adatr] 8l frolek £A43 19 A71E 7t
S 4 X, X, X5, X))o 3575 NS 2, 2, 2, )0 A5 FE} X, X;, 4,9 €<

A wF AR EI X, Z7F frolstiehal 7HgstaL, ozl watel] ik s A 83k 2/(1)3 Table 30 5

o]A 744E w3kl F7)o) whl AAFITE 184 9d7HA HE HFE A5l A()OoRRE AAE BE vyt

x| wg} AR the § Fofgith

~ N(0,1?) (D

Yige =30 T 1) T 25() T Zo0) T T12968) T €1 o] 7] A €k

Table 3. Size of effects in the simulation model

level 1) Z3(;) Z9(k) T129(1k) T129(2k)
1 -1 -1 -1.5 -1.5 1.5
2 1 1 0 0 0
3 1.5 1.5 -1.5

olo} Eo1e W o R the SA4e] 7ol Table 49} 20] 7 At} 37)e] Fahe} 1) o]lat wa
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Table 4. Simulation assumption of each mixed levels

45 freolg
9522 30z ES ! olA} wEALF v}
2 5 X (£1),2(£15),4(£1) X, Z(£1.5)
3 5 X (£1),X,(£1),2(£1.5) X, Z,(£1.5)
4 P X, (+1),X%,(+1),2(+15) X X,(£15)
4 3 X (£1),X(£1),4(+15) X2 (+1.5)
4 4 X, (£1), X,(£1), (£ 1.5) X,Z,(£1.5)
4 5 X (+£1), X(+1), 4(+1.5) X, Z,(+1.5)
5 2 X, (1), X,(£1), 4 (£1.5) X, Z(£1.5)
5 3 X (£1), X(+1), 4 (£1.5) X,Z(+£15)
5 4 X (£1), X(£1),Z(£1.5) X,Z(+1.5)
5 5 X (£1),X,(£1),4(+1.5) X, Z,(£1.5)

A 7HHER A AlE A An oA fFolg aRES A Ve U8R F(2017NNA FHg EoRY B
(Bonferroni correction)®} BIC 2848758 A&t} w3k Ads 53 27|15 flste] 2 ezl F3149
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Table 5. Results of Simulation

(1) two two-level factors and five three-level factors

B2 2237 A SAS D-optimal DX D-optimal DX I-optimal
27 36 2o 2y 0.976 0.966 -
BIC 0.982 0.982 -
27 12 2 EY 0.963 0.963 0.963
BIC 0.945 0.9%4 0.967
21 18 22y 0.960 0.973 0.966
BIC 0.971 0.965 0.964

(2) three two-level factors and five three-level factors

B2 2237 A SAS D-optimal DX D-optimal DX I-optimal
54 36 2o 2y 0.973 0.967 -
BIC 0.987 0.989 -
54 12 w2y 0.952 0.957 0.964
BIC 0.960 0.951 0.960
42 18 22y 0.966 0.959 -
BIC 0.962 0.968 -

(3) four two-level factors and two three-level factors

B 274 2237 A SAS D-optimal DX D-optimal DX I-optimal
4 36 2o 2y 0.959 0.963 0.968
BIC 0.879 0.880 0.876
4 18 w2y 0.965 0.957 0.965
BIC 0.774 0.781 0.758
6 12 22y 0.958 0.960 0.951
BIC 0.763 0.785 0.738
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(4) four two-level factors and three three-level factors

E=2704 EE=97] H SAS D-optimal DX D-optimal DX I-optimal
12 36 Eozy 0.973 0.967 0.974
BIC 0.948 0.943 0.946
12 18 2o 2y 0.963 0.958 0.971
BIC 0.922 0.902 0.900
18 12 oz 0.965 0.964 0.971
BIC 0.932 0.885 0.904
(5) four two-level factors and four three-level factors
E=2704 EE=97] HH SAS D-optimal DX D-optimal DX I-optimal
36 36 22y 0.961 0.961 -
BIC 0.971 0.973 -
36 18 22y 0.966 0.958 -
BIC 0.948 0.949 -
54 12 Eozy 0.956 0.952 -
BIC 0.938 0.933 -
(6) four two-level factors and five three-level factors
E=2704 = H SAS D-optimal DX D-optimal DX I-optimal
108 36 o2y 0.955 0.942 -
BIC 0.981 0.987 -
108 12 22y 0.953 0.9%4 -
BIC 0.968 0.957 -
84 18 oz 0.952 0.961 -
BIC 0.964 0.972 -

(7) five two-level factors and two three-level factors

EE=2714 = H SAS D-optimal DX D-optimal DX I-optimal
8 36 22y 0.965 0.975 0.958
BIC 0.918 0.908 0.909
8 18 22y 0.962 0.9%4 0.963
BIC 0.893 0.845 0.846
12 12 w2y 0.950 0.951 0.957
BIC 0.887 0.811 0.837
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(8) five two-level factors and three three-level factors

E5N E537] e SAS D-optimal DX D-optimal DX I-optimal
24 36 2=y 0.969 0.958 0.954
BIC 0.952 0.952 0.947
24 18 Bz 0.964 0.955 0.950
BIC 0.936 0.920 0.916
36 12 22y 0.947 0.955 0.952
BIC 0.937 0.910 0.909

(9) five two-level factors and four three-level factors

E=2704 EE=97] HH SAS D-optimal DX D-optimal DX I-optimal
72 36 2 EY 0.944 0.952 -
BIC 0.973 0.973 -
72 18 22y 0.947 0.947 -
BIC 0.955 0.956 -
108 12 ==Yy 0.942 0.945 -
BIC 0.955 0.956 -

(10) five two-level factors and five three-level factors

E=2704 = H SAS D-optimal DX D-optimal DX I-optimal
36 36 2 EY 0.946 0.938 -
BIC 0.968 0.946 -
36 18 2o 2y 0.930 0.938 -
BIC 0.949 0.930 -
54 12 ==y 0.928 0.947 -
BIC 0.927 0.931 -
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- HH7]E - H 7] o3 a8 5531 HA Ao AR A AlEdold RES SallM AdE =7

Azl oiek e 24 WS Fsta ol adES Alsta, a8S ANtesith a8 AxE 1,000 9]

| B ol v T 71 e ok ST Q824 A 88| Frolul= HERl Power® Aostolnt. B2y HA
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APPENDIX

E53} D-FAAA SAS R
[x 2% S AN FH AT/
proc factex;
factors x1-x4;
output out=level?;
run;
/37 544 N FEARA, 2975 SAI wH LA/
proc factex;
factors z1-z4 /nlev=3;
output out=mixed designrep=level2;
run,
/*D-optimal =53} 2247/
proc optex data=mixed seed=12345;
class x1-x4 z1-z4;
model x1|x2|x3|x4|z1]2z2]23|z4@2;
blocks structure=(36)36 keep=1 ; /«(EZ7/]5)E=T 7]/
output out=opt_design ;

run;






