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Abstract: Mobile devices, data storage, and computing platforms of modern information

technology have accelerated the integration of the information technology and education

disciplines, promoted the “Education Informatization 2.0” Plan, and provided a solid

technical foundation for academic help-seeking. With the help of new sensing mechanisms

and techniques, non-intrusive sensing of help-seeking and personalized recommendation

methods can now be used for teaching practices in academia. This study reviews the
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research progress of non-intrusive sensing based personalized resource recommendations,

offers detailed analysis, and lists possible directions for research; potential future research

topics include non-intrusive sensing for help-seeking, continuous association analysis and

integration for multidimensional data, and personalized resource recommendations for

help-seekers. This study also makes contributions to precision education and personalized

education for the China Education Informatization 2.0 Plan by providing solutions for

non-intrusive sensing based personalized resource recommendations for help-seekers.

Keywords: help-seeking; non-interventional perception; education informatization

2.0; personalized education; precision education

0 Ú ó

�����£ÚEUD«��ª, ��K�<�g�¬�!Ä��N��, ?íÄ�

¬uÐÚ<a?Ú. ,, y3����3õ«¯K, Ù¥â¥I��Æ¬uÙ3 20175�

�uÐïÄ6�N�w«, ·I�	9�½|�d3^r+N� 1.8 ·� 2 ·�m, = 2016

c�	9�½|5�Ò�L 8 000 ·�[1]. ùL²·�Æ�S���Ã{÷vÆ)�~5Æ

SI¦, zc����á��	9�Ó^
�þ��¬]. Ïd, �
3Æ�S)ûÆ

)�ÆS¯K, J,���þY², !���], ·�7L¿©/Ïy�EâÃã5uÐ

��¯�.

�é��, ·I�������[�f@�“¦´g�©, Æ�à”, Ù¢��ÆS�L

§Ò´1�ÌNØäJÑ¯K, ,�)û¯K�L§. =¦�<Uå2r, ��<�Ø�U

Ýº¤k��£, Ïd3ÆS¥Ñ¬���«���(JÚ¯K[2]. d�XÛO(/£O

ÆSö�¦Ï/��/¦�(�©ò±þn�¶c�Ów�)1�ÚI¦, ÝºÆSö¬�X¦

Ï, XÛ¦Ï, ��o¬kù��¦Ï1�; XÛ¢y�Æ)gÄí�Ü·�!�5z�¦

Ï]é�, 'XÜ·�P�, Ü·�ÓÆ, Ü·�A^XÚ, ��. ±þ��¢����¯

K´Æ�¦ÏI¦£O±9Æ�¦Ï]í�.

Æ�þ�¦Ï´��Ø�½"�|¤Ü©,´�1�ÌN�
)ûÆS¥���¯K

½(J�, �¦<Ï¦�Ï!ïÆ½ö|±�1�[3]. y���rN1�ÌN3�ÏmØ=

�O��£!S�EU, ��ÝºÆS�E|, �UégC�)¥3�«A^|µ¥�ÆS

«úå�Ü�I?¿��éÆS?1g·N!, ¤���üÑ.�ÆSö, ±B·A�5�

¬�uÐI�. 9�£OÆ)�¦ÏI¦, �¬Æ)3ÆS¥Û�¦Ï!�Û<¦Ï!XÛ

¦Ï�, éÆ)¿©$^gC®k�], �ÑÆS¥���(J, �¤ûÐ�ÆSS., O

rÆS�ÄÅ!�Ç!�U, �ª��Æ��uÐ�Jp, äkÙÕA���K�¿Â[4].

Æ�¦Ï��Q²�$�¢S´��+��~��üÑ.1��ª,´��üÑ.Æ

Sö�k�å». Æ�¦Ï´¼��£!O�Uå�k�å», �±¿©å��)Æ)Æ�

Øå!���ÆØå��^.

�X&EEâ�¯�uÐÚ2�A^,�
·A#�Ï��+�XÚ(�U�, “��

&Ez 2.0 1ÄOy”A$). ��&Ez 2.0 ï��ÏJø�r�£Äªà!êâ�;Ú

O�²�, k|/íÄ
DÚ���y�°O��!�5z9Ï���=C, ��ïÄÆ�

¦ÏJø
j¢�Eâ�æ. /Ïõ«#.�a�ÅnÚ¢yEâ±Ya�ÆSö�ÆS

G�, ïáF~�Æ¢�¹Ä¥�Zýª�Æ�¦Ï1�a�Ú©a, �ï�¹��á5�
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^rx�, ¦�g·A�5z�Æ�¦Ï]í��¢y¤��U. ù�ïÄSN��¡X

Ú/í?êiz!�äz!�Uz�#.���ªM#,¢y&EEâ���!�Æ��

ÝKÜ, l&¢Ýº&EEâé��uÐ¥Æ�¦Ïù��Ký��)�·5K��ä

Nå»��{, äk�Ú���nØ¿Â; ,��¡, ù�ïÄ¥�ZýªÆ�¦Ï1�

a�!±Y5Æ�¦Ïêâõ�Ý'é©ÛÚKÜ, ±9?�Ú��5zÆ�¦Ï]g

Äzí��{, k|u¢yéÆSöÆ�¦ÏI¦�°O½ ¿Jøg·A�5z�]

í�, ���&Ez 2.0 ¥°O��!�5z���z«�5A^, äk��¢SA^d

�.

�©�(�Sü´30��µÚ¿Â�, 31 1−3 !�ãÆ�¦Ï!�Zýªa�!

í�XÚ�ïÄG¹¿Ðm©Û, ���1 4 !òé�U�ïÄ��?1Ð", ���!o

(�©.

1 Æ�¦ÏïÄ

Æ�¦Ï´1�ÌN?1@�ÆS�k�å», ~~�w�´�«k8��¹Ä, ´�

« ��N¢S@�Y²ÚÏ"Y²�å�)ûüÑ, =g·N�.ÆSüÑ. Cc5, Æ

â+�(Ü��Æ!+nÆ!%nÆ�+��\ïÄ
Æ�¦Ï�Vg!a.!L§!�

.!�^!K�Ï�±9r?k�¦Ï��{�. 3F~�ÆSL§¥, 1�ÌNÏ~ÏL

Eã!8B±9°[zÆS�üÑ5Jp�£ÝºÚUåJ,��Ç. ��uÙ¦�ÆS

üÑ, Æ�¦Ï�AÏÌ�Ny3Æ�¦Ï�L§´�«ÆSÌN�m��¬pÄL§[5].

1.1 Æ�¦Ïa.

Uì¦Ïö�8�, ïÄÆöÏ~òÆ�¦Ïy©�n«a.[6-8], �a´�15¦

Ï(Executive help-seeking), �¦Ïö3ÆSL§¥��(J�ÀJ�����Y½ö�¦

<¦Ï��61��ÕáÝº. �a´óä5¦Ï(Instrumental help-seeking), �¡·A

5¦Ï, �¦Ïö3��ÆSþ�(J�, ÏLÌÄ�ÆS5ò¯K)û�{ü/ÏLÙ

¦å»¼��Y. Ø
ùü«¦Ïa.�Æ), �k�Ü©Æ)3¡éÃ{Õá�Ñ�(J

���uÀJ£;5¦Ï(Avoidant help-seeking), ¦+¦Ïöuy
Æ�¥�(J, �kd

3¦Ïé��¿Jø�Ï, �¦�  ¬ÀJ�ï½áý�¦<¦Ï. 3ùn«¦Ï�{¥,

óä5¦ÏØ=�±k�/)û¯K, �U
J,¦Ïög��ÆSUå, ,	ü«¦Ï

�{K´{ü/Ï¦�Y½ö5;¦Ï, ùég��£Y²�Jpvk?Û³Ã, Ñáu�

*�4�Æ�¦Ï1�.

1.2 Æ�¦ÏïÄ�{9nØÄ:

�éÆ�¦ÏïÄ�¯K, Æâ.kü«~^�ïÄ�{, =¢�{Ú¯ò{. ¢�{

��´�¦�Á��¤�
é(J�?Ö, 3?ÖL§¥, �Á�±ÀJJ¯½ö$^�


]5�¤8�, ù«�{�	�´K��ÁJ¯Ú|^]�Ï�; ¯ò{K�¦�Á

w�Ùé�¦Ï��Ý, ±93��(J�´ÄÀJ¦Ï, N�¦Ï, �X¦Ï��. Æ�¦

Ï�'ïÄ�Ì�SNºX
ÄÅ!g�%±9Uå�úé¦Ï1��K�, ïÄö�â

Æ�¦Ï1��u)JÑ
ØÓ�nØÄ:.

8I��nØ[9]uy¼��Ï��dÚÏ¦�Ï��5�|Ã�m��ïK�X¦Ï

ö�¦Ï1�. �¦Ïö@�?Ö�¢ykÏug�Uå�J,�, ¦�¬��uæ^ó

ä5¦Ï. g·N!nØ[10]JÑ3¡éÆ�]Ô�, ÆSök�@Aé(J�üÑ, X@�

üÑ��¬üÑ, �¬�â(J�¢S�¹ÀJ�A�üÑ5)û¯K. Aé¦<�Ïn
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Ø[11]@��¯K�ÑÆSö�g�Uå�,·�/Ï¦¦<��ÏÚïÆ´���½�. ù

n«nØþrN, 3¡é(J�, �¦<Ï¦�Ï´�«Ün�!�5�¦ÏüÑ. yfb

`nØ[9]L²$g�%�ÆSö�éó'�Ø�¿�¦<Ï¦�Ï, �Ù�³3�¦<"

À��¸�e�, N´É�ég·�¤%��&E��Â. ù
ïÄrN, 3��(J�, ¦

Ïö@��¦<Ï¦�Ï´�««f�Ly, ¿���«É�¬À¶�Øå. 3Ø�®¦Ï

�, ¦Ïö�;�g�É��Â��uÀJ�·A5¦ÏüÑ[12].

1.3 ¢~ïÄ

I	k�'ïÄé{I£¬Æ)�Æ�¦ÏüÑÀJ?1
©Û. Ù¥, k���é5

guC.ËI[£¬Æ)�ïÄuy, 5�{I�, ¦��Ñ�\
�Ä!8I"�Ú·A

J�Â¸. cÙ´{I3�£!²L!�¬Ú©zþ�ã�Cz, �£¬Æ)�5
î�

@Ó·Ï. ¦�ÊH@��N�1��ªÏ~�N
Ù[ÌOK![ÌÏ"Úd�*, Ïd

¦���¦^óä5¦Ï. ïÄL², ©z9^�3é�§Ýþ��
£¬Æ)m�k��

ÏÚ�6. Äu©zA���¬©a, Ù¢Ò´z�©a+N¥¤k�N�Ó��¬@Ó.

äk�Ó©z�µ�+NÙ+NS@Ó\r, ��Ø¬�Ù¦+N�¤
¦Ï, «x!©z

��ó�Ñ´û½£¬�¬@Ó�'�Ï�, �¬@Óé£¬Æ)ÆSüÑ�ÀJkX�

��K�[13].

±þÆ�¦ÏïÄw«, Æâ.�vk/Ï&EEâÃã5£OÆSöÆ�¦ÏÚý

ÿÆ�¦Ï, �vk�A/JÑÚ�OÆ�¦Ï�Aé�Y, 'X�5z/�¦Ïöí�]

é�. ¤±, ��Æ¥Äu&EEâÀ�5mÐÆ�¦Ï£OÚ�5zÆ�¦Ï]í�

�ïÄ, äknØÚ¢��V¿Â.

2 �Zýªa�ïÄ

�Zýªa�´�3ØI�é���ë���¹egÄéé��1�?1a�,��

Y�©ÛJøÑÖ, �ÐÁ=ó�. 3�+�¥, ÏL�Zýªa���{éÆSö�ÆS

G�!ÆS1�?1a�. �Zýªa�����A:Ò´Ø¬�é��5�õ�(6, 3

é�Ø²¿mÒU�¤&E�æ8.

2.1 �Zýªa�Eâ

�Zýªa��9�äNEâ�): ±)ÔX���L�Ë�×£Eâ[14], Ïé<N

�)>^Ë�, Ø·Ü^��ÏG��a�êâÂ8; ±Ø>Daì��L�Ø>Eâ[15],

ÏDaì�>^¯aA5´ÉZ6±9¤�¯K, �Ø|u3F~�Æ�¸¥�ÏA^

ÚÊ9; ±Ñª!Àª!ã���L�õxNa�Eâ[16], 3�¸½Ú^rÌÄë��Ü

��¹e, /ÏA½�êâ?nEâ, ®�2�A^3�¬S�!²L!+n, AO´��

+�[17]; 1na�Eâ©�1rDaìÚ1ÅDaì, cö´±1n1réØå�¯aA:

¢ya�, �ö´±1n1Åé	.�^å�¯aA5¢ya�, 1na�Eâäké	|

Aå(§ÝÚØå)�¯a�n9é>^Ø¯aÚÃË��5�[18]; pé��px0XÚ�

�k��a�²�[19-22], 3wÃ(E¥¢y
é^r1��a�Ú©Û, ¿Jø
í�Ú+

n�k�)û�Y;Ã�>&ÒEâäkBß5r!a����, �ØP¹'uÛh�¯a

&E�`:, ���´, �XÏ&Eâ�uÐ, ·¶£Ä&Ò!>À©�&Ò!Wi-Fi Ä:

��®²Ã?Ø3, a�¤�×�ü$, ÏdÄu Wi-FiÃ�>&Ò�Ã�>a�, ®²¤

�F~�Æ�¸¥�Zýªa��n��ª, 3 2.2 !¥ò¬{ü0�Äu Wi-Fi �1�£

O[23-25]. L 1 é�Zýªa�Eâ�`":?1
{ü�o(.
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Tab. 1 Advantages and disadvantages of non-interventional perception technology
�Zýªa�Eâ `: "�

Ë�×£Eâ ¤�$, ��, ÑU� é<Nk³

Ø>Eâ (¯Ýp, �� ´ÉZ6, ¤�p

õxNa�Eâ 8¤Ýp, �p�B, ´*Ð ¤�p, ¢�DÑ�¦p, êâP{

1na�Eâ (¯Ýp, ·A��^�, ÑU� ¤�p, Lu¯a

Ã�>&ÒEâ ¤�$, Ê9Ýp, Bß5r, &Ò½5��

a����, ·A��^�

2.2 Äu Wi-Fi ��Zýª1�a�

Äu Wi-Fi ��Zýª1�a�ïÄ?Ð��, 8¥Ny3Ä:nØ!'��.ÚEâ!

±9¢SA^��¡. 1��Äu Wi-Fi �½ ïÄó�, Úå
ïÄ<
éu Wi-Fi �Â&

ÒrÝ�«(Received Signal Strength Indication, RSSI)�½ ïÄ�4�,�. 2013 c1�g

ÑyÄu Wi-Fi RSSI �Ä�£OïÄ Nuzzer, T¤J�±�ä´Äk<$Ä, Ã{«©äN

´�oÄ�. d�, ïÄ<
m©¦^ RSSI &Ò?11�£O, X WiSee ÏL Wi-Fi RSSI &Ò

õÊVª A�¢yéÃ³ÚÄ��£O, WiTrack¢yé< 3D Ä��Jl, Vital-Radio¢

yé<�áÚ%Ç�uÿ. du RSS &Ò´ÉZ6, K�a��J, ïÄ<
3}ÁJp&Ò

�^5(¦^��ª©õ´E^EâJ�ØÓ&��1Å&E)�Ó�, m©¦^ RSS �	�&

Ò, X&�G�&E(Channel State Information, CSI), ±Jø�[âÝ�&E, �±&ÿp�

<�¹Ä;,. /Ï CSI &Ò°Ýp�`³, Äuû^ Wi-Fi���1�a�ïÄ�þÑy, X

WiHear, E-eyes, WiFall, RT-Fall, Gestures Recognition, Wi-Fi imaging, FreeSense �.

2.3 Äu�Zýªa��Æ�êâ©Û

�ZýªG�a�Eâ9Ù¦G�a��ª¤Â8�G�êâ, Ñäkm²�A:, Ly

3±Y5iÿ¤/¤�êâ6!êâg�NX���A5±9êâmÛ¹�rÜ6'é5��

¡[26-28]. 8c, ÄuiÒÚ�iÒÆS�©a!àa!'é©Û�#.êâ©Û�{�,Ué

ÏA��3�°þ(�zÚ�(�zêâ?1k�/\ó!�nÚ©Û, ?�Ú=z�äkA

^d��&E, ¿��¡�+��2��\�A^, �J±·AäkþãA5�Æ�êâk�

©Û, Ì�´ØUp�Ç/©Ûäk��A5�±Yêâ6, J±p¬�/©ÛêâÛ¹�G

�. Ïd, I��é�Zýªa�ÚÙ¦a��ª¤Â8�±Y5êâ, ïÄ�d�·A�êâ

©Û�{[29-30].

�Zýªa�EâéI�±Yiÿ�Æ�¦Ïöäk��A^d�. �é�ZýªÆ�

¦Ïa��ª, 3F~�Æ�¸e, ±Ya�ÆSö�G�, AO´a�Æ�¦Ï1�ÚI¦,

;�^r�¦^ØB!ØÓ·, U
éÐ/Ny&EEâ���Æ�ÝKÜ�g,�Ú�G�.

3 í�XÚïÄ

3êâ�¿����µe, ^rÙ¢¿vk²(äN�I�, ½ö^r�I¦éJ^{ü

�'�c5L�, ½ö^rI��\ÎÜ�<¢SÚ Ð�(J, Ïdí�XÚ��)û“&E

L1”¯K�k��{, ®²¤�Æâ.�'59:¿��
2��A^.

í�XÚÒ´�â^rI¦!,��, |^A½�{l°þ�êâé�¥u÷Ñ^r�U

a,���8, ¿ò�5z(J°O/í��^r. �Xí�XÚ�A^Úí2, ^r¼�&E

��ªlüN!���êâ|¢=C¤�\p?ÚÎÜ<a¦^S.�&EuyÚ�£uy.

í�XÚ�â��ØÓ�í�Å�, (½¦^êâþ�õ�, �éêâ©ÛÑÙ¥�3�5K½

ö��é^r�Ù¦ Ð?1ýÿO�. ÏL±þÚ½, í�XÚÒ�±3^r?\XÚ��¦

í�Ù�Ua,��]«a[31].
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Gediminas[32]�Ñ
í�XÚ�/ªz½Â: C L«^r�8Ü, S L«�Uí��^r

��8�8Ü(XãÖ!>K!ê,�), C Ú S �5���Ñ'��, ½Â
���^¼ê

u : C × S −→ R (R´���S8Ü, 3�½��S´�K�ê½ö¢ê), ^±ïþ�8 s éu

^r c �í�Ý. éu?¿��^r c, í�XÚ�8�´�éÑ¦��^¼ê��z��8 s′,

=:

∀c ∈ C, s′c = arg max
s∈S

u(c, s).

^r8Ü C �z���� c Ñ�¹
�«½Â^rx��A�Úá5(Xc#!5O!Â

\�), �88Ü¥����A�Úá5�±ÀäN�A^|µ½, ~X, 3>Kí�§S¥,

S ´>K�8Ü, z�Ü>K�±ÏL>KIK!a.!�ü!uÙc°ÚÌ��5L«. í�

XÚ�Ø%¯K´�^¼ê u Ï~´3Ü©Ø´�� C × S A�Úá5�mþ½Â�. ùÒ

¿�X7L�ò�^¼ê u	í����mþ. �^Ï~�±dµ?L«, 3��>Kí�X

Ú¥, XÚ�±�â^r�c�µ©P¹(Ó���m���Ü©)5í�^r��UU�*w

�>K, ù�L§Ò´	í.

�â	í�{�ØÓ, �±éí�XÚ?1©a. í�XÚ�«a�±�âõ«ØÓ

�IO5?1y©[33-36], �©òUì'�Ì6�©a�ª?1©a[36]: (1) ÄuSN�í�

(Content-based Recommendation); (2) �ÓLÈí� (Collaborative Filtering Recommenda-

tion); (3) ·Üí� (Hybrid Recommendation).

3.1 ÄuSN�í��{

ÄuSN�í��{�@´d Sarwar[37]�<JÑ, ´�@A^�ó�.�í��{��.

T�{�Ø%g�´�â^r�{¤1� Ð�÷Ñ������SN��í�. 3�5zÆ

�¦Ï]í�XÚ�µe, XÚ�±�âÆ)�{¤¦Ï�¹ (XØ¬�¯K!�£:��)

5í��A��Æ].

ã 1 Ð«
ÄuSN�í��{. �{�'�Ú½�): (1) ÏLw«�" (Xµ©!Ð/�

µ�) ½Ûª�" (X|¢!:Â!'5!Âõ�) ��ª5¼�^r�5z1� Ð±�ï^

r�.; (2) é[í���8?1A�J�; (3) O�J�Ñ��8A��^r�.��qÝ; (4)

ò�qÝ?1üS, �qÝ�pK��í����U5��.

ÄuSN�í��{�n{ü´Ã, Ø�3eéÄ¯K, �´î�6u'u^r�.�

�ïÚ�8A�&E�J�, é�A�J±J��Àª!Ñª��ªêâ�í��þÃ{-<

÷¿.

3.2 �ÓLÈí��{

�ÓLÈí��{´8cí��{¥�²;Ú�~^�, 3Æâ.Úó�.Ñ��
2

��¦^. �ÓLÈí��Ä�g�´|^�q^r1� Ð5�í�. �ÓLÈí��{

���±y©�: Äu�.� (Model-based) �ÓLÈí��{ÚÄuPÁ� (Memory-based)

�ÓLÈ�{, Ù¥ÄuPÁ��ÓLÈí�q�±y©¤: (1) Äu^r��ÓLÈí�

(User-based Collaborative Filtering); (2) ÄuÔ¬��ÓLÈí� (Item-based Collaborative

Filtering). Äu�.��{Ì�Äu{¤µ©�ï��^r Ð�.5ýÿ^ré�8�d3

 Ð, ÄuPÁ��{ÄkÄu{¤µ©O�^r (½�8, À¦^Äu^r/�8�{½)

�m��qÝ, ,��â�qÝ�p�^r (½�8) �{¤µ©?1í�. ã 2 Ð«
Äu^

r��Óí��{, �{�±y©�n�'�Ú½: (1) uy�^r A k�Ó1� Ð�^r
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(X^r B); (2) �Î^r B �Ù¦ Ð; (3) òÙ¦ Ðí��^r A.

ã 1 ÄuSN�í��{

Fig. 1 Content-based recommendation algorithm

B

A

A、B

ã 2 Äu^r��Óí��{

Fig. 2 User-based collaborative recommendation algorithm

�ÓLÈ==I�^r�{¤µ©êâ, ¤±T�{{ük�. �3¢SA^¥, µdL�

�8Ó�8oþ�'~  é$, ¦��Óí��þ��ü$, ùÒ´�ÓLÈ¥~���µd

êâDÕ5¯K. �ÓLÈ¡��,	��²;¯K´eéÄ¯K: éu#�^r½ö�8, Ï

�vk{¤µ©êâéJ��í�.

3.3 ·Üí��{

·Üí��{´��Öü�í��{�3�ØvJÑ�, T�{�g�´ÏLØÓí�

�{�|Ü5Jpí���þ[38]. ~��|ÜüÑ�)e�A�.

(1) \��·Ü (Weighted): òA«í�Eâ�)�O�(J\�·Ü�)�ª�í�(

J, ÏLé'^ré�8�µdÚ·Üí�(J´ÄÎÜ5ØäN����, l���Ð�

í��J.

(2) ���·Ü (Switching): �â¢S¯KÚ�¹�ØÓ, Xêâ5�!XÚG�!^r

Ú�8�ê8�, í��{�ÀJ¬ké���É. ���·Üí��{#N3ØÓ¢S�¹e

ÀJ�T��í�Å�?1í�.

(3) ©«�·Ü (Mixed): Ó�æ^A«ØÓí�Å�, ò�)�ØÓí�(Jy©¤ØÓ

�«�íx�^r. �eéõ>û�Õæ^�Ñ´ù«|ÜüÑ, ù«üÑ�±�^rJø�

\�¡!°O�í�(J.
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(4) ©��·Ü (Meta-Level): �©«�·Üí�aq, ©��·Üí��´Ó�æ^A«

ØÓ�í�Å�, ØÓ�?´§ò��í�Å��)�í�(J��,��í�Å��Ñ\, Ï

Lõ�·Ü, nÜ
z�í�Å��`�, �ªJp
í��°OÝ.

·Üí�XÚ�`:3u: í���þ�'üÕ¦^�« (ÄuSN�í��{½ö�Ó

LÈí��{) í��{p; vkeéÄ¯K; �±í�k¾�A5�Ô¬; �±¢yí�(J

�õ�5. ":3u, ÏL�þ�ó�âU���(�²ï.

�Xpé�¥�5�õ�êâU
�a�¼�, �)ã�!©�!I\3S�õÉ�ê

â%¹X´L�^r1�&E9�5zI¦&E, KÜõÉ�9Ï&E�·Üí��{U


�)DÚí�XÚ¥�êâDÕÚeéÄ¯K, �du9Ï&E  äkõ��!êâÉ�!

�5�!êâDÕÚuÙØþ!�E,A�, KÜõÉ�êâ�·Üí��{ïÄ�,¡�

Xî��]Ô[39].

�X�ÝÆSù�ÅL��,å, ã�?n!�Ñ£O±9g,�ó?n�+�¦X�Ý

ÆS�ÀºÑ��
�v�?Ð. �ÝÆSÏÙõÛ����5e��.äkr��[ÜU

å, 3�êâ��, ÏL°þ�Ôöêâ5J,�.[Üý¢©Ù�Uå, ��Jp
©a?Ö

Úýÿ?Ö�°Ý. ò�ÝÆSEâA^3í�XÚþ, ´Ccí��{+����ïÄ9:.

Äu�ÝÆS�í�XÚ��ò^rêâÚ�8êâ���.�Ñ\, �ªÆS�^rÚ

�8p?�Ä�L«, 3ù�Ä:þ?1í�. ��Ä��µeXã 3 ¤«, Tµe�¹
n

�, ©O´Ñ\�!�.�±9ÑÑ�[40] . Ñ\�Ñ\SN�)^r�wª/Ûª�"!^rx

�Ú�8SN±9�
9Ïêâ. 3�.�, ¦^��ÝÆS�.�)õ�a�Å (Multilayer

Perceptron, MLP)! g ? è ì (Autoencoder, AE)! ò È ²�ä (Convolutional Neural

Network, CNN)!Ì� ²�ä (Recurrent Neural Network, RNN)!���Â�qÝ�.

(Deep Semantic Similarity Model, DSSN)!É�À�[ùÅ (Restricted Boltzmann Machine,

RBM)! ²g£8©Ù�O (Neural Autoregressive Distribution Estimation, NADE)!)¤

é|�ä (Generative Adversarial Network, GAN) �. 3ÑÑ�, ÏL|^ÆS��^rÚ�

8�Ä�L«, ÏL Softmax!�qÝO��ª�)�8�í��L. Äu�.��±òÄu�

MLP AE CNN RNN DSSN RBM NADE GAN

ã 3 Äu�ÝÆS�í�XÚe�

Fig. 3 Framework for a deep learning-based recommendation system
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ÝÆS�í��{y©¤: (1) Äuõ�a�Å��{[41-44]; (2) Äug?èì��{[45-48]; (3)

ÄuòÈ ²�ä��{[49-52]; (4) ÄuÌ� ²�ä��{[53-56]; (5) Äu�Ý�Â�qÝ

�.��{[57-59]; (6) ÄuÉ��À�[ùÅ��{[60-63]; (7) Äu ²g£8©Ù�O��

{[64-65]; (8) Äué|)¤�ä��{[66]�.

Ï��©Ø´X{?Øí�XÚ�©Ù, ¤±ùÜ©����ã�e�ÝÆS3í�+�

�uÐ, �õ�[!Ø2ÐmØã.

í�Eâ�?Ð��ÌKïÄJø
ûÐ�EâÄ:, �XÛ3��ÆÆ�¦Ïù�¢S

A^|µ¥muÚ�OÑk���{Ú�., ±k�?nõÉ�êâ, J,���°(5Úí

���5z!g·A, I�3®k¤J�Ä:þ?�Ú(Ü¢S?1ïÄ.

3.4 �{5U'�

L 2 o(
Ì6í��{�`³ÚÛ�. lL¥�±wÑ·Ü�{�í�XÚéÐ/)û


ü��{í��¯K, �´�Äu�þ�N�ó�.

LLL 2 ÌÌÌ666ííí������{{{���`̀̀³³³ÚÚÚÛÛÛ���

Tab. 2 Advantages and limitations of mainstream recommendation methods
�{ `³ Û�

vkeéÄ¯K �8A�J�(J

ÄuSN�í��{ ØI�.^êâ Ã{u÷^rd3,�

�)º5�p #^rÃ{í�

�ÓLÈí��{
ØI�^rÚ�8 DÕ5¯K

�Ü©A^|µí��þp eéÄ¯K

�)
eéÄ¯K I��þ�ó�âU���(�²ï

·Ü�{ �)
DÕ5¯K

�u÷^rd3,�

4 ïÄÐ"

p*Æ�¦Ï!]í��ïÄ�uÐ, �±uy3ÆSöÆ�¦Ï£O, ±9£O�A

Tæ��Aé��——�5z¦Ï]í���¡"��A�ïÄ. �XïÄ�µ¤ã, 3F

~�Æ�¸e, 9�£OÆ�¦Ï1�!I¦, éuÝºÆ)ÆS?Ý, N��Æ?Ý, ¿æ�

·��)û�Y59�)�¦¯, äk���^. &EEâ�p�uÐ, �) Wi-Fi 1��

X£O!�ÑÀª£O!�pª3�ÆS��Zýªa�Eâ±9í�Eâ��C?Ð, �)

û��&Ez¥�Æ�¦Ï£OÚ°Oí�Jø
Eâ| .

�+��ïÄ¿©/ÏÚu�y�&EEâ`³�^, ^&EEâ�À�5©ÛÆ�¦Ï

´�o, ��okù��Æ�¦Ï1�, ±9XÛAéÆ�¦Ï��. 8��U�ïÄ���±

Uìêâ+n�g´, ÏLêâÂ8—©Û!?n—A^��X�6§, ïÄ�ZýªÆ�¦Ï

êâÂ8!Æ�¦ÏõÉ�êâ©Û±9�5zÆ�¦Ï]gÄzí��{, ¢yéÆS

öÆ�¦Ï�°O½ Úýÿ, ¿Jøg·A�5z�]í�, ���¥ÆSöÆ�¦ÏJø

��Ú�Ï, ���&Ez 2.0 ¥�°O��!�5z���z«�5A^. Ì�ýÏ�ïÄÐ

"k±eo:.

(1) Æ�¦Ï�Zýªa�

�Ü©ïÄýÏ´3F~�Æ�¸e, ÏL�ZýªEâÃã, :Â8a���¦Ï

ö!¦Ï]/é��êâ�, ¿��ïÚ��Æ�¦Ïöx�¡ã�.(�¹¡ãA�J�!

'é!KÜ�?n)?1ÐÚ�A�J�. ù����ïÄ:3u: JÑéÆ�¦Ïö�'ê

â�õ���*a��{, �ïk��Æ�¦Ïöx�A�Ä��{, l�8�Æ�¦Ïêâ
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�õ�Ý©Û!Æ�¦Ï]��5zí�!±9�.²��«�A^C½êâ]Ú©ÛÄ

:.

(2) Æ�¦ÏõÉ�êâ©Û

�Ü©ïÄýÏ´3c�ÚõÉ�Æ�¦Ïêâ!A�¡ãÄ��Ä:þ, :ïÄ±

þõ��êâ�'é©Û!KÜEâ, AO´ïÄ¡��mS�êâ�õ�Ý©Û�{, 3k�

J,VÇ�|±ÝÚ�&Ý�, �)A^uÆ�¦Ï+�õ��êâ�k�'éÚKÜ5K. ù

����ïÄ:8¥3: JÑ|±õÉ�Æ�¦Ïêâ�'é�{, JÑÆ�¦Ïõ��

êâ�KÜ�{, l¢yÆ�¦Ïöx��.�ï���5!k�5Ú°O5.

(3) Æ�¦Ï]�5zí�

�Ü©ïÄýÏ´(Ü1�ÌN��*êâÈ\, �)Æ�?Ý!¦Ï Ð!¦Ï1��,

ïá¦Ï]/é��µ©NX, :ïÄÆ�¦Ï�£O!ýÿ�{, ±9�é�5zI¦

?1�Æ�¦Ï]°Oí��{. ù����ïÄ:3u: JÑÄu�ÓLÈ�©�·Ü

í��{, ¢yé1�ÌNÆ�¦ÏI¦�gÄ£OÚýÿ, ¿g·Aí��5z�Æ�¦Ï

].

(4) ²��.9;.A^�y

�Zýªa���5zÆ�¦Ï]í�, äkm²���ÆA^�yA5. 3cnÜ©

ïÄ��M#¤J�Ä:þ, �kÏL�.XÚ¢y���Æ+��A^�y, âUk�µ�Æ

�¦Ï]í���J, ¿���&EEâU�Jø«�5�A^Y~, ã 4 Ð«
��{ü�

�Zýªa���5zÆ�¦Ï]í��.XÚ. ù����ïÄ:rN: muÑ�5z

Æ�¦Ï]í�XÚ²�, 3�Æ¢�¹Ä¥A^Ú�y, �±2�A^3±¥Æ(p¥!Ð

¥)!3��Æ(�Æ)���L�F~�Æ¹Ä¥.

(
)

ã 4 �5zÆ�¦Ï]í��.XÚ

Fig. 4 Prototype for personalized academic resource recommendation system

5 o (

“��&Ez 2.0 1ÄOy”´&EEâÚ���ÝKÜ�7,�Ô, Ù¥Æ�¦Ï]

í�q´°O��!�5z���'�SN, ÏdI�o(Äu�Zýªa���5zÆ�¦

Ï]í�ïÄyG, ¿?Ø�A�ïÄ��. ÏL/Ïæ8�õxN!3�ÆS!Wi-Fi Ã�

&Ò�õêâ, �±¢y3Æ�¦Ï�Zýª±Ya��{!±Y5Æ�¦ÏõÉ�êâ

©Û!g·A�5z�Æ�¦Ï]í���U�ïÄSNþ��M#¤J.
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�©l&EEâ�À�Ñu, ©ÛÄu�Zýªa���5zÆ�¦Ï]í�ïÄ, ¿

&?
�+��U�ïÄ��, ±Ï)ûXe¯K.

(1) Æ�¦Ï�Zýªa�!¦Ïöx�¡ãA�J��±Y5ÚO(5¯K. 3F~�

Æ�¸e, �Zýª/�Üõ«a�Eâ5¼�ÆSöÆ�¦Ïêâ, I��æ��±Y�a�

G�, ¿lE,õiÿêâ¥O(©lk�G�ëêÚ?1k���A5�I5.

(2) Æ�¦ÏõÉ�êâ©ÛEâ�õ�5Úp�5¯K. Æ�¦ÏõÉ�êâäk

m²�kS\OÚA½|µ5�, Ù¥%¹¢�1�G¹!1��ª±9uÐCzª³�&E,

3?1'é©ÛÚKÜ��AO5¿õ�5!��5!�Ç!�J��I�¦.

(3) Æ�¦Ï]í���5zÚ·A5¯K. ÆSö���Æ�¯Käkér��N

z!�é5A:, Ïd3?1Æ�¦Ï]í���¿©�ÄI¦��5zÚ���·A5, l

?�ÚJpÆ�]í��°OÝ.
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