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Abstract After taking longitudinal surveys toward students’ friendships from 2
classes at one college, we conduct stochastic actor-oriented models to explore potential
influences on college students’ friendship. We focus on testing the effects of Chinese
college students’ social attributes, behaviors and cognitions. Word association is
applied to acquire the relevant knowledge of the students. We label the associated
words by their sentiment polarity and test the cognitive effects on the college students’
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friendships. We also take iView analysis to explore the cognition structure of the
students. Such a study by stochastic actor-oriented models and iView analysis aims to
find out the principles of college students friendships as well as individual differences,
and may be helpful toward college students management.

Keywords Social network, stochastic actor-oriented models, SIENA, word associ-

ation, iView analysis, college students.

1 r p��h":AUH\�uV�f�. E��>HPL, �:sO�=H\M=, 2/>��?���"H\3[~, ��"�1O^3�:�T<�AUH2io�N*luV���. �>H�i�V&UE�1�*_G_7#t1Q<ZH��. H?�>H�����r�, 	~�~�>H�t.�n0t"&_, �Æ�"Y	Ur_
I�B9PZH�{. H?T�, 3���i���f_�[f�Y	
YWH	�U�AU{0, .00�\��$�����s/�� [1]. F[�;Wk��#t{0 (.%_7#�), H	�Æt_��1Y	
,ZH�� [2]. ;"M7DR� [3] &_, 3AU'��#m'�Y	�3�E{�{. �_=~��1, s�>yH\, �>HO^2/AUI��s\9, %.AJ��l\9��\��*��, F�r�<UE�>H�#tT<ZHuV�����.�9, #f�AU{0�*_{0�&V{0 3 �[<j&NE�>Hi�V&NH���r�.AUV&_jo#V&7L1V&. �qh>HB9��7T<"��{�5�V&'*, 6��qo�f�EV&o�f�<hzx�, h%u���, #f0`��~��q_=~H?E�, {�L1VH?. #fu+:3�)l*5RZ�V&'�, P3�&?T��9i�V&NH���r�.

2 oB+*#f{��e*9CG' (stochastic actor-oriented models) 750�:jfSkw}
iView o, TV�>Hi�V&���r�`m�>H�&VXp.

2.1 W7j(yLg�e*9CG'&_, V&o��1Uu��:3V&o�dk, 6qFu8�:�V&�)_C�{, !��)U,K�1$+�AU�e. G'6V�y`9�9�N�V&�F, 3�y�N�FY	, R	�h�9�, y	$+Y`u*�:��!: �L�$+�~_C���', V&�NHh�R	*H��9�*QVi)i.G'�b#�D_: 6�$+al�:��', V&6~du*[��', Fd_[�
“=^”, 6�=^<�V&�'�, $+�{0`m|��e*
jL5�'�u*�e. �!�u*�C�J+h{l��H. �{.��j=�V&$+3IF)'�~n��<9,�P7fEV&'���� [4]. J+.�h�s�{.���0�: fi(β, x) =

∑

k βksik(x),|o, fi(β, x) hJ+$+ i 3V&�# x Y~�J+.�, sik(x) _�s�{.�, �{.



2z TJ�: ��f+:DH(n iView dp��?Ij�|I� 165�:1�L�V&��#, N�L�$+�{0. G'���h�{.��<�. βk _
�I�, 3 βk `_ 0, �{��{.�E�V&NHk��; 3 βk �`_M, ;$+U��{.�
~��#NH, XYe�. . 1 �D�tsb#��{.�. #f`&NE�>H��ZH���r�_J+, �
��>H�{0, p. 1 o�{0�{./ 1 $W'�|/�n}mk
(Table 1 Basic network effects functions and explanations)W'(��| W'D}� 	CCT ∑

j

xijxji %,�����CT��|5�w* ∑

j,h

xihxijxjh ���8j�j���||1�| W'D}� 	C
V-ego

∑

j

xijvi |1a�%,�z:
V-alter

∑

j

xijvj |1a�%,�yL�
Similarity V

∑

j

xij(simij − sim), where |1a��%,Z
�-d���|
simij =

(

1 −
|vi−vj |

maxij |vi−vj |

)

Same V
∑

j

xijI{vi = vj}, where I{vi = vj} = 1 |1a��%,Z
�-d���|
if vi = vj , and 0 otherwise�e*9CG',qY?, ��b�C|�|�*07utIy�F��W, x�H?>C�&Y7{�. Duijn � [5] {��e*9CG'o�5mAU>!H�9y�i�V&NH, �:�DV&�*HyV^l� 4 ���: !6, �_�Æ0, x_�Æ0, V&'�eU. WQRB, !6��_�Æ0U36y��V&�*H, V&'�eUk9TQ��, Px_�Æ02	��QR. Sijtsema � [6] {��e*9CG'o5m�<\�94y��F, os:�0n��a*_E�<\�nT<���.

2.2 $5Jeu iView ,_"��i_ “Ux�i” 7 “M��i”. “Ux” h�1&V)io�kfY��, �	#t>&_kfY)i�36����1��b, {x_*_, 6=~�fY)i. Ux��NQ (implicit association test, IAT) h� Greemvald � [7] ,q�[sAU&VH?Z_,Æh:. IAT dWN
�E#�, Kaipiniski � [8] E:. IAT 2*�4M, ,q��qUx��NQ (SC-IAT). �v$7�3 [9] 3 2011 \� SC-IAT {���>H��1&�N
,''T��>H3UxQ<�3�1&�. #H?E�zX��F[UxNq[_, `^��>HEI[*5J.�AU&V,,h[_. “Q�`~z�`'[R	���U0”.zX��^�O`0�	.":��T*_�f#	Æ; 50�:jfw} iView oE�5
w}�50��a'��f#o,�q'��G_�%u [10]. {�50�:jfw}ozX��	~�&��17�1��T'�. iView ob� iView ��zV&
(idea network) � iView "�V& (human network). iView ��zV&
A��z���TL��{�f���zV&. ��zE{_��zV&[�$+ [10]. o��zXR, 3��z���[�"� “��z” o, ;��z$+	�3[9�'. 6�"� “��z” E



166 | D W ? � � ? 38K{[���zP�F, �	"���zP�F4�3[~pHf[���zV& [10–13]. #fo iView "�V&
A qY	����zX�{�f�"�V&.  qE{� iView"�V&�[�$+. 3�� q������zX, M0F�� q$+	�3[9�'.

Tang 7 Luo[12] 3 2011 \{�50�:jfSkw} CorMap 7 iView oHE “9+d8U” 7 “qR:�” �� +f����zX`&N�>H��W, �so''�:<�� q�1�Y7�1Xp. Cao 7 Tang[14] w~HEj$~�>H (�gH?H)���� 3 y9#1S6{��e*9CG'TV�~�>HA�NH�elm:�{0
(�gVY{07&V{0) Ei�V&NH���.T �:�~�:��XYW3~�>HA�V&NH[<H	:����r�, #f3,O�t>%F[w>~�E#VHO< 5 y1S, |ou/!�AU{0TVEi�V&NH���, 6K9���>H�zX���_&N&V{0�[_, '::�Ry�TH� 8f�u/!���zX, E� iView oE�>H�&VXp2*&�0o.

3 VDT:v^FQ=
3.1 UCS9#f1S�E�_ 2012 qC|� 52 D>H�|�e� 43 D>H. 1SR	0_
2013 \ 1 )�2013 \ 6 )�2014 \ 2 )�2014 \ 9 )�2015 \ 3 ), 1SU,_#VH�i��e. 1S��F�gV&'��F7{0�F, |o�mAUV&�{��F>),DW��. . 2 _���q�=�0C|o�e./ 2 �rg�$&v

(Table 2 Basic information of class members)D}� }�f�11 S (13) g (38) S (23) g (20)�� 0� (42) =��� (10) 0� (34) =��� (9)�
 -P (36) b-P (15) -P (23) b-P (18)

3.2 ℄EP<hJ1S�m 3 �[<: AU{0�*_{07&V{0.

1) AU{0. �g�>H�00�?���	��?�hhsF�hh_=H�f��y��>HUf��. |o, �	7?�yVhHE�1S�>�$tdkD|�,r_�t>%$u,O, >HI_#L", �	<�?�>H7�08OE��>H. =H�fho$*7�[sAU��, �	3��>H	��[�h=H�f, ��f^M=:�, [�=H�f3H\/f���{1Q9	Xp [15], T �:�$�_*|FH�OM�3Xp, 1S�hh_=H�fW�_
TV�r�.

2) *_{0. ��V&�T<, >H>)A�31�>(j(wm. ""V�\8�\%�h>H��*_�uV�f�. >)>H�sM9VR^�[�A�V&�sMR^,



2z TJ�: ��f+:DH(n iView dp��?Ij�|I� 167`msM3�B9o~�TV|�9*_{0.�~*_{0;T �>H�sF�.9��*��[�,��*_. hJ`<9.�)_1S>H*_,h.a|.. 3 �a./ 3 g�+`��i/
(Table 3 Questions related to members’ behavior)=:/ t2�^N, atS2�D��p!i?atS76:W�S_i? (�h?*vf�_:rA)atS76�n`\�℄9�℄&�##�QQ �B�W'�tNS_i?a4B�W':z:Fa�4U�C: (U/v#��M�@ 4�) �p!?

......

3) &V{0. _�TI�1S��><O��, zX��b�.~���;<9��E�. w�, y[��U,8YWT6, `�0�1Y	��b. %. “q'”, ��q��z	
“�'��R”, _C “	;
, ue”, _C “dH”, Fh “ÆA�y”. 'R, [���E�h�RTH�AUf�, . “*1”�“PM2.5”�“�.U”�“$I”�. ly1So���z..
4 �a.  q���''�g�z�B�7BI, �FutR��6#z_����z, 6E�jz�6jz:64O, . “NaU” , “b\NaU”, ��z,�_ “b\NaU”./ 4 �z{Y�

(Table 4 Word association tests at 5 periods)( 1 z ( 2 z ( 3 z ( 4 z ( 5 z
(2013 ℄ 1 *) (2013 ℄ 6 *) (2014 ℄ 2 *) (2014 ℄ 9 *) (2015 ℄ 3 *)r( %J %J `Bzk `Bzk
PM2.5 PM2.5 PM2.5 e+� 11.110�� �_ v� %J %J[.l. [.l. [.l. +2 +2/V �S  K ��G ℄�DEI�f���{X{E��ZH��. #fEzX��^����z
A�{h02*"�+�, |oM0�{gh��y9��	w[�����:U�"ZH#tD��{x; p0�{�h�� 9��H��PL�YW�"ZH#tD��{x; aM07ap0��{,_o0�{. .�� “$I” ���, +�_p0���z	 “1T”�“S>” �, +�_M0���z	 “�#”�“{O” �, +�_o0���z	 “HF” �.

4 Ni0?v#V1=
SIENA (simulation investigation for empirical network analysis)E�C�|,{�MCMC^GGYj�|�e*9CG'�I�, p��V&�{�{�, 6{�C|
�QI���|0 [4]. #fE� R �L RSiena �.�.�e*9CG'H?�h�!h “	�” �!, .' i → j, T~Ch i(ego), !xCh

j(alter). 3I��|�, 6E�	{0q00(). #f3G'��)io,TV��r�



168 | D W ? � � ? 38K� ego, alter, same/similarity 3 s�{. `00�{_|, RH()_ 1, fH()_ 2. 3{0 “00” � ego �{�|, 
I��|`_M, ;.B{0`()~�fH
ghy9 (y9�~�!), .' “00”ego �{�|
I��|`_p;.B()� �RH
ghy9. 3 “00” � alter �{�|, 
I��|`_M, ;.B()~�fH
xK~ ( 9�!), .'I��|`_p, ;.B()� RH
xK~. .00� “same” �{�|, ;.a�00�>H
f_i�.. 5 _��qo�|��{m�|I�.':1H�Fo. 5 '', YT�: w�, ���qoM�|��{_00� same �{, >HUf� alter �{, 7�e#�[_ same �{, �y�f��>HUf�� alter �{. 	F()#;, .a�00�
,f_i�, p00UE>H���ZH�s��. >HUf���y�f�
xK~, `�U�[_ (v<9�1{��^���O�) 7��Xe#�, 
,f_3�.'R, ?���	�=H�f�{03�t>%E�>Hi�V&NH���|, ÆH1��q�i�V&NH)io��el	Xp. 3C|�, ?�{0��:�|, |�e�<�?�>H
_y9. C|�H"$�E��ZH�s��, p#LH"�>H7MLH"�>HT`f_i�. 3|�e�, #LH"�>H
_ghy9, :�3$���s��. / 5 BV|1�+`|1��}�|�} (|t| ≥ 1.96, α = 0.05)

(Table 5 Estimation of significance of social and behavioral attributes (|t| ≥ 1.96, α = 0.05))|1 �| D}� }�f� dp((
BV

par. (s.e.) par. (s.e.)

gender ego −0.87 (0.07) SI�z:
same gender 0.43 (0.06) 0.45 (0.07) A11��-dg`j
nationality alter −0.33 (0.12) 0��yL�
nationality ego 0.49 (0.15) =����z:
hometown ego 0.26 (0.11) $M#�z:
same hometown 0.21 (0.05) A`-P#/N%#�dg`j
only child alter −0.24 (0.12) >I�g�yL�
only child ego 0.28 (0.13) b>I�g�z:
same only child 0.22 (0.09) A`>I/b>I��dg`j
same expected major 0.18 (0.05) 0.29 (0.08) 8�f$\`�A�dg`j
class leader alter −0.27 (0.21) −0.86 (0.19) �zA�yL�
class leader ego −0.94 (0.20) �zA�z:
students union alter −0.15 (0.06) −0.44 (0.12) ?IVg��yL�
same students union 0.51 (0.17) A`?IVg��dg`j
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(Table 5 Estimation of significance of social and behavioral attributes (|t| ≥ 1.96, α = 0.05) (Continued))|1 �| D}� }�f� dp((
+`

sports frequency ego 0.14 (0.02) /:p����z:
sports time ego 0.17 (0.05) /:S
_��z:
travel frequency ego 0.10 (0.04) �+p����z:
travel freq similarity 0.79 (0.26) �+p�"7��-dg`j
online time alter −0.06 (0.03) 0.15 (0.05) 4�S
C/_�yL�
online time ego 0.36 (0.06) 4�S
_��z:
social media alter −0.10 (0.04) B�42\�S
C��yL�
social media ego −0.33 (0.06) B�42\�S
C��z:
social contact alter 0.10 (0.02) B�42C:p����yL�
social contact ego −0.10 (0.04) B�42C:p�!��z:
invitation alter 0.28 (0.07) �\p����yL�
invitation ego 1.33 (0.18) �\p����z:
be invited alter −0.20 (0.08) !�\p�!��yL�
be invited ego −1.04 (0.15) !�\p�!��z:'4, *_{0[<, ����i�V&NH:�. C|�A�31�[�R^:��i�V&�*H, |�e�A�31[�R	B�
y9�
xK~. C|�3�R	(B�(xK~, |�e�3�R	(^�(xK~. F�B:�� “L1V” i�V&NHelx�*_{0����3Xp. . 6 _��z��{h0Ei�V&���. �n0�D&_: ��j<97AUH'', �[�1o��1Æ��<9�vH	�Æ#�_*_G_�"�Y. �. 6 YV, ��Nqo��z��{h0[i�>H
,f_i�./ 6 'W|1��}�|�} (|t| ≥ 1.96, α = 0.05)

(Table 6 Estimation of significant effects of cognitive attributes (|t| ≥ 1.96, α = 0.05))�| �u?&D}� par. (s.e.) �u?&}�f� par. (s.e.)

same [.l. 0.06 (0.03) 0.16 (0.08)

same %J 0.09 (0.04)

same11.11 0.23 (0.13)

same 0�� 0.28 (0.15)

same �S 0.31 (0.09)

same r( 0.98 (0.32)

same  K 0.28 (0.14)

same ��G 0.47 (0.11)
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5 iView /a#f� iView ��zV&F7 iView "�V&F>)2� Gephi [lPf. 3 iView ��zV&Fo$+(�,.a$+��(~, pr��z�|���z[�q��~�(I.F 1 __C|� “b\” � iView ��zV&F, rF	 5 ��>F, ����>F�-��
“b\” � 4 syV��: QU�z��J!�!�[\. }M, N	 “9+M$”�“V�”�“~A”h=~���z.F 2hC|� “b\”��z� iView"�V&F. id52�id43�id51�id50�|� q2	����z, _=~$+. E{�F 1 o, id52 ���z_ “~A”, id43 ���z_ “^�[�, fz”, id51 ���z_ “V�”, id50 ���z_ “9+M$”. `��f�h id50  q���z_ +f�, p 2014 \TH39+bg![�!\C f� 1.

G 1 “℄”iView ��{W'G (D}�)

(Figure 1 The iView’s idea network of the associated words for “New Year” (Statistics Class))

1. 2014 ^ 12 + 31 + 23 T 35 e8, Nbd^Z℄;, t=J�℄nAEl5;,O%�#"^, Px�O%h"\419Lr�$�Gn, j℄�$��, VJD!g�.
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G 2 “℄” iView #�W'G (D}�)

(Figure 2 The iView’s human network of the associated words for “New Year” (Statistics Class))F 3 _C|��� “�^” ��z� iView ��zV&F, rF	 5 ��>F. F 4 _C|� “�^” � iView "�V&F, |o 34 � q (id25, id34, id40 �) �f[��>F, E{�F 3 o�����z�>F, �-���^��syV��: \d7"n. 9 � q (id16,

id35, id15 �) �f[��>F, E{�F4o���^� “>�”�“8%” ����. id16 7
id36 ���_ “h�”, “y,”. id1�id17�id30�id50 �f[��>F, E{�F 3 o, F� q�����+ORb�>�^0�f>Hf� 2.

2. 2013 ^ 5 +, ,QNSnAo�� 6 EB? 6 ^s���hJl3P�, ;3U�kt 6 E��hJ"Sn)S���`5loSn℄Pne℄ f����P℄.
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G 3 “�_” iView ��{W'G (D}�)

(Figure 3 The iView’s idea network of the associated words for “president” (Statistics Class))

G 4 “�_” iView #�W'G (D}�)

(Figure 4 The iView’s human network of the associated words for “president” (Statistics Class))



2z TJ�: ��f+:DH(n iView dp��?Ij�|I� 173F 5�F 6 0hC|� “Z-k-” ��z� iView ��zV&F�iView "�V&F.�� “Z-k-” �zX��, iView ��zV&F7 iView "�V&F<h[����>F. �F 5 YV, �� “Z-k-” /����$+	 “-k”�“H\”�“j”��. `��f�h, <�>H��� 2012 \So�[��Z^1S “Z-k-”3. E{F 6, F�>H_ id1,

id13, id15, id17, id45 7 id50.��|���z, WYHf iView ��zV&F7 iView "�V&F, �B':o>HE���zX�yV���+,&N>HE +f��&V. T f>mj:[[<a.

G 5 “[.l.” ��{W'G (D}�)
(Figure 5 The iView’s idea network of the associated words for “happiness” (Statistics Class))

3. 2012 ^q��&��&�{, qT/p"Kr��dR�3$G�+23U&K “/mjV1?”. Tp�dR��E;eo�&G_�ien�����eA�XJ����YÆ$5V�u�E�,�Y�Æ�E, “/m” ha53�!9|Z.
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G 6 “[.l.” iView #�W'G (D}�)

(Figure 6 The iView’s human network of the associated words for “happiness” (Statistics Class))

6 �Kvx[#f{��e*9CG'E�>H�qU�>�i��{V&NHel2*�o,|o0T �AU{0�*_{0�&V{04s�3��r�EV&NH���, >)
RSiena E�{0��|02*��|, &�q6��qi�V&NH)io�uVr�. :)E%, ���qM�3��{_: �00�
,f_i�,�y�f��>HUf�
xK~�7�e#I>���>H
,f_i�. ?���	�=H�f�{03,O�t>%E�>Hi�V&NH���|, Æ3:��qU��el	Xp. *_{0[<, ����i�V&NH�:�. &V{0[<, ��z��{h0[i�
,f_i�.�e*9CG'hHE “L1V” �H?. L1V<9[�*9C�_H?�E�, ��F�V&��1P:h�1, =�V&��, �aV&'�, Ei�V&NHel2*o. {�zX��Y���>H�1E��E�����e, #fs�&N��z�{h0Ei�V&NH���, N{�50�:jfSkw} iView E�>H�1&V2*o,>)o iView ��zV&7 iView "�V&^!^��1&Vxe7��Xp, 	~�E�>Hm|i�V&<O
EQ�o, 	~�~���CY0>H�&V1{7E +f����i�.



2z TJ�: ��f+:DH(n iView dp��?Ij�|I� 1756V�f�h, #f����AUV&9#oWY`	F$��fH�AU�<2*G'��, zX��m iView oY`	FAU +��>H���J.D|��E�, `W�E:�L1V�H?.�Y� Cao 7 Tang[14] �&�0H?, #fo�1S�	
I�y�, 6
>)al1S[_^��E=~�R�, H?''�Y�|�~�1So''	��Yu, 1��j$~�>H�nT<�b#G_. #H?2[=TV�?�Xp�H"Xp��=XpEi�V&NH���. E��>Hi�V&�1Sh[�^y��, #f''a℄o=, �F^�7ut[<62[=u2. r9��l, 1�� 5 y1S, kW^�&Xz>H_C��?>H�1S�FP<H. �>H��n_7��0?"H, Ej
^b��
I:�U#H?�>HAU&VXpmEi�V&NH���)h0?`�2*�[���.{ f#fhJh�:jf�VYV> (MSKS) H?�� 2009 \O<9#V&�G�{�H?`jIT$M>CH?6':z~1SE�x=)f. #fo�1S�F� MSKS�� 2012 .8&XH��t>%�>�|�e>%wKk8�~sj, MSKS ��
2014 .8&XHLyN�>E' 1 y1S�F��|�o, 6� 2013 \ 7 )3r	D*�AUV&o$�Um (INSNA2013) !' 9 .AUV��{�tH)U90�ozf�;�� 1 ~. { EH?�qg���>7pO.
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