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Abstract

Imagining the future has important adaptive value to individual's survival, but how does it
represent in the brain? The paper first introduces the human brain information representation of
the two coding systems first, and then argues the neural basis of the scene image and the image
coding. Finally, the paper also expounds the problems to be studied in the future.
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1. 518

MG A K (imagining the future)e& — N ITEAMA POt SRR, R0 58 18 X Ak T B & A I SR BX
sy B o 5 HMESARIE FARTEIE A AR R FAE 1S S (episodic simulation of future events).
FEFEA (mental simulation). <315 5 2% (episodic future thinking). 175 5% . (episodic foresight). TisGiA
5 (pre-experiencing) % . 4T HAF 7T @M 2 AN, EEE R ARG 1IE BRIEE X A AL B IR Rt 215
RAE =L

2. MFHRIBRS

N R 2 ] RAEAE B 1) ? 8T O BERAE FIA G M, 35 LTk RN Y. N TR, &
. MERHFESURA T M ND . F AR RN R — RS B AR, TR AS S AT 4 A7 DA
KAk . b, A URALE (Pylyshyn, 1973, 1979) 138 R FAE (Kosslyn, 1980, 1981) 24k 4+ A% L 1)
PRI gmiD R 55

A RAEVCNETE W15 BAE R TE S IR S8 0, R MEm. =x8n, BATMIARE
FEA I B B H AR T35 5 e LR AE, WiE S BYgERIE . HEEHAE NN, HARITE OB RAE
HHA T o, A5 S0 LA Z Fig AT AE . RER G RIEM RIS U, AR ] DAL 2 1 1)
B # RBIEWIR AR . K/, BEES S M5 . iR EATSS J1, SN FARR AL ]
TR RRAERIAFLE

M 2R 60, 70 SEATFUR, BT SR ORI SEERYE I,  HFAIPE AR O BEiE R (Shepard & Metzler,
1971), LEEHAH(Kosslyn, 1973) 4R T LR GARAE L BRMLE] o AHAE R SRR i S B I 22 S
HARENRGRAEMAAETR AL E R, DR RS 1 22 5 AN 0 SR BV A 7 BE SR AR I 5 22 1 2 ) 5
RLZESE, B, RAE—NPIRE, A RS MRS R S, tnr LR AR M iy U T 9 78 RAE,
F ZAH T KPR B B T RN, RAN I & B 2 () iy R M T 45 2 TR I o DRI, FRATTE RS B i) 415
“ER” CHES AL R R R BRI MR, BT, A R RAE AT

20 t20 90 X, BEHE ARG FIRIDGE, AT KM K2 FE 4514 2H 24 (map-like structures)ff] &
B, BB T R TRERIEMN AT A . ORI RZE VI X, BFFCRI, 78 HSE 2 8] i Ak
FHHIE A B RN REAE VL X RS2 B R AR M & n(ILE 1) i aER V1 X E RS s, =%

ZAME B MU B J2 B

Figure 1. Depictive representation of position in the brain (Pearson & Kosslyn, 2015)
B 1. KExx=[E)E B HEa RIE
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BB S22 Ja) oo S 23 P 5 (Pearson & Kosslyn, 2015). 1M HL, 2448t 7E S o al b 25 RIS A8 5 52
SEAB BN, VL X 23 0T (Albers, Kok, Toni, Dijkerman, & de Lange, 2013). SEit—3H1, 55 HE
V1 XFEB, IR “3e” 80 “Egmig” LR “F 2”7 AR R (Harrison & Tong, 2009; Naselaris,
Olman, Stansbury, Ugurbil, & Gallant, 2015). K, kEAT AFHEBUL =B S L RN, MR
G NREE R —MEBRIETT . T HARX Tl R AE, e R REM RS BRRAE ERA DR
PR o

3. RFRBERERNRR IS X HLEEM
3.1 RREBHPHMZER

WHIH SRR AR, RN I S 7K A XA 7R 35 AR 454 AR 2 B AN X A 6 ok e, RY)
{38 % (ventral pathway) A1 Ml i (dorsal pathway), oA, FENE RS ARLI [ AR 2500 T 4, i
TARES S A BRI, QAR B SERE AN AN, 177 0058 % DU AR I [ S foft 2 T
MRS, N EEARALE . 183 RARIAI A (8] 56 R S 4, DL — 26 a] J& M4 L (Blazhenkova
& Kozhevnikov, 2009). AH N Hb, g 0038 2% 5 0] 9% FR 9 2% 44 @ % (object pathway) B kL - 5 18 %
(occipitotemporal pathway), J& KGR G EEEAT; 750008 B% SRR N 2 ()il % (spatial pathway) Bk -
T3 % (occipitoparietal pathway), #& =3 %14 FE LA

Levine % A (Levine, Warach, & Farah, 1985)i8 i X fixi 453 47598 N B 8 A [FAIL 0 R 5 K AS [ [X
BOE 8 RS TUEYE,  ARATT R IR 5345 5 M AT A A S H AR DG JB I R RN L, (RN
AR GAT S5 ST, T T0U J5 30 (0 45349 ) 2 7= A2 A8 = B 248  Uhl 28 A (Uh, Goldenberg, Lang, & Lindinger,
1990) B 78 W AR — 5 R At 1 ELEUEYE , AT TEERI 70 ALkl islong i B b 1) — SR B b AT L i A (O 2% B
LARAMAV AT E IR T2 Id 1), &5 R IR B IO B s, T 2 At AT X TR S B 2 1 AT L AL T
TP 5 0 o

teAh, X B AN RIS RE 27 I R AU SR B, A (A DD T B8 70 5 A o A P 0 e 2 1
M TR A O, IR A T Bz 2 (Lamm, Bauer, Vitouch, & Gstattner, 1999), i i 205 i L &g 7
55 A R I e B 0 A AN B YR AR R, UG MIRL 52 5 X 4 (Motes, Malach, & Kozhevnikov,
2008). Farah %5 A3 it 5 07 A 15395 £ IR 2, R B B 23 TRV 588 ) W P AR AT 45 i RO 5 Joi ) T
XSRPAT, TP B AW D40 1 1A GAT55 T B K i B2 o ()i [X k4447 (Farah, Hammond, Lewvine, & Cal-
vanio, 1988),

3.2. FERARAMBER

Schacter Al Addis (2007)#2 H 1) “ @ BVt 5B (constructive episodic simulation hypothesis)
IR A KA AR P IS A5 5, 8T B RS M0 TR 5 AR SR TS A 50 R Sk m] e kA8 1) 5
fFo BRI ZFHARERES, Wi REHRRNEESERER, BROET IR IARKRF . %
R A TR A )R R AE AR GOARSR AP P E T o T “ 35 g ” MIUCHTE OB B — R FIAS R (W5
WPt RGN A0 Hb A B B4 R A AN BT ) S B A, e B AT A PR R A 5 B 2 7% (Hassabis
& Maguire, 2007).

PR O R B MRS IS S id s, X — I AT E SN FRME EIN T EE X 1S
5, QGRS BSEE. KEEE RN NS R IR R B, XN X 2 45 2 7 R
AR GARK M RE J7, o it B 5% [ 1 140 2 5 3508 i) A7 5 R B R 77 0K K 32 4% (Andrews-Hanna,

O



Smallwood, & Spreng, 2014). LR GH Tt FIZCHE MY 50l 2 B2 2 B iis 5idiz,
Mgy T 5% 8] S5 X 0H — B0 (Hassabis & Maguire, 2007).

PR OV S B AT — 8 (R 2 RIS, T 2 ) 8 PR3 T 2 R AR R AR AT N S e AR R 295 3 o
RIS AR KT R R MG S SLIRAE, RS HYARTURE, =& —FhmAKCr g
Fs T AR R PR B AR A BRI TSR SRAE, OWE HY R IRERHIE, e — MK iy (i
PEES: WRPRBERM AR @R W11 4)5). BFFCR RS R AR RS 3G, F= A AR Sk A RS
fiX, MHBRNEEAREZ), WEEDRE R SimE S r SRS, e 2 A TR
AR TS, WEHEZMITAE, WIFTER 2 5 B2 A 5RO (Tamir &
Mitchell, 2011),

4. iRRE
41 MRRERMEENSEREAFKNXR

NHIR RImASRE ) MR ZE S 1), SRS R I 53 PR AE AL b 2 A1 e 0 VP Al B iA5 o B T bk,
M 2o PETE LD 25 A B8 0 VP Al (075 20 I B2 v T 53 M, RS 66 0 LI P 3 22 S5 PR MH DR AT 2 p )12 R I
(Blazhenkova & Kozhevnikov, 2009). i, 55 47E & =3 (8] m) FHC 3R e e AT 55 Hh 1 S 22 bL Lo 1tk e
(Collins & Kimura, 1997), T2z MEAER RAES) M A4 E 19550 L b 55 1% =5 (Campos & Suerio, 1993). Utk
41, Paivio Fl Clark (1991) B L ib R B, Y PERELL L ME A RO = A BhA R R, (AL PENIBE e Al LE
B AEHERR . MH, REEGEEIM R RAAERZES . ) LEN 2 RR G0E B R IKF (1
[ HL A 5 75 74k 6 %2 B B (Van Leijenhorst, Crone, & Van der Molen, 2007), — %7€ 14~17 % 2 /{55 34,
IR IS NI, A AR R GEe e ) L I B A R T G, A B e NS AN B A 1 1
T R, FLE I B R T .

ARt AR IID R B HUW R ZRAGE T — R, ARV ZR? BEFRISBIE, A
TERARRIIRE ST B2 IR AR 4 2 98 2 (A R R AR R RS G R IR R 21X
e A5 S SR U — 2P AR .

4.2. TERARKAEH AN E

MEA KR NE)—DESZOAARE S, & LAER . BAfot s otk “ ARG RER” (Dstby
etal., 2012)F1 “A8 % 50 ]34~ (Andrews-Hanna et al., 2010)3K % 248 5 R K ) BAR N & S A8 5 50 . HIE
ARG AR I, CRCAHI LR AR MRS, ErARk, RAFUKERTE. Gifilis
AR R R As,  DL LLE A O iR 8 AT S AR R JE R B 5 TR, A A8 R ASRAT Fe 7R 5K
N ER S I E SR IO Za)

4.3. MERRREFTIANARIR

PR G ASK, A B T3k S R TR, B i AR veRe J1, TS S, N B BRI,
Pt B OMEREANAE AT R RS o AHIE /3 W BRI & BRI AR SR P R S 3OS, L& B A, £
EFEEEHRMT N, SRR IINECRE . H HRE . A5 40 ZURE SR R B A R R ORI T RE
(Washington et al., 2014). XA ARKIRN T AR T 2R A N2, WEAiEts.

R, A RAH AR O BRI RE S 78, W DA™ e S H AR A Fo b, an i) AR e 1B 2
R OEYEYT . MNEERRIE . LB R E T AR AL, ERAN RS B
H sk 2, v L Rt AT R (a0 B R IR A .
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5. 45

TGRSR NRMIZ A NFIRE T AR GRS 0 317 50 22 5 W 9038 G i 0 2 s R - 2 TR )
PR nl i, MR FRBBARKMEERG T X T HRARKRER IR, KRR RRALRE
T EREARRIKR . RBRARNKEE T B EZE 7 1 IR BT

E&UH

HE BN SFE A RS IUH 15 B (15YICZH059).

SEV#Ek (References)

Albers, A. M., Kok, P., Toni, I., Dijkerman, H. C., & de Lange, F. P. (2013). Shared Representations for Working Memory
and Mental Imagery in Early Visual Cortex. Current Biology, 23, 1427-1431. https://doi.org/10.1016/j.cub.2013.05.065
Andrews-Hanna, J. R., Smallwood, J., & Spreng, R. N. (2014). The Default Network and Self-Generated Thought: Compo-
nent Processes, Dynamic Control, and Clinical Relevance. Annals of the New York Academy of Sciences, 1316, 29-52.

https://doi.org/10.1111/nyas.12360

Andrews-Hanna, J. R., Reidler, J. S., Huang, C., & Buckner, R. L. (2010). Evidence for the Default Network’s Role in
Spontaneous Cognition. Journal of Neurophysiology, 104, 322-335. https://doi.org/10.1152/jn.00830.2009

Blazhenkova, O., & Kozhevnikov, M. (2009). The New Object-Spatial-Verbal Cognitive Style Model: Theory and Mea-
surement. Applied Cognitive Psychology, 23, 638-663. https://doi.org/10.1002/acp.1473

Collins, D. W., & Kimura, D. (1997). A Large Sex Difference on a Two Dimensional Mental Rotation Task. Behavioral
Neuroscience, 111, 845-849. https://doi.org/10.1037/0735-7044.111.4.845

Campos, A., & Sueiro, E. (1993). Sex and Age Differences in Visual Imagery Vividness. Journal of Mental Imagery, 17,
91-94.

Farah, M. J., Hammond, K. M., Lewvine, D. N., & Calvanio, R. (1988). Visual and Spatial Mental Imagery: Dissociable
Systems of Representation. Cognitive Psychology, 20, 439-462. https://doi.org/10.1016/0010-0285(88)90012-6

Harrison, S. A., & Tong, F. (2009). Decoding Reveals the Contents of Visual Working Memory in Early Visual Areas. Na-
ture, 458, 632—635. https://doi.org/10.1038/nature07832

Hassabis, D., & Maguire, E. A. (2007). Deconstructing episodic Memory with Construction. Trends in Cognitive Sciences,
11, 299-306. https://doi.org/10.1016/j.tics.2007.05.001

Kosslyn, S. M. (1980). Image and Mind. Cambridge, MA: Harvard University Press.

Kosslyn, S. M. (1981). The Medium and the Message in Mental Imagery: A Theory. Psychological Review, 88, 46-66.
https://doi.org/10.1037/0033-295X.88.1.46

Kosslyn, S. M. (1973). Scanning Visual Images: Some Structural Implications. Perception and Psychophysics, 14, 90-94.
https://doi.org/10.3758/BF03198621

Levine, D. N., Warach, J., & Farah, M. (1985). Two Visual Systems in Mental Imagery: Dissociation of “What” and “Where”
in Imagery Disorders Due to Bilateral Posterior Cerebral Lesions. Neurology, 35, 1010-1018.
https://doi.org/10.1212/WNL..35.7.1010

Lamm, C., Bauer, H., Vitouch, O., & Gstéttner, R. (1999). Differences in the Ability to Process a Visuo-Spatial Task Are
Reflected in Event-Related Slow Cortical Potentials of Human Subjects. Neuroscience Letters, 269, 137-140.
https://doi.org/10.1016/S0304-3940(99)00441-3

Motes, M. A., Malach, R., & Kozhevnikov, M. (2008). Object-Processing Neural Efficiency Differentiates Object from Spa-
tial Visualizers. NeuroReport, 19, 1727-1731. https://doi.org/10.1097/WNR.0b013e328317f3e2

Naselaris, T., Olman, C. A., Stansbury, D. E., Ugurbil, K., & Gallant, J. L. (2015). A VVoxel-Wise Encoding Model for Early
Visual Areas Decodes Mental Images of Remembered Scenes. Neurolmage, 105, 215-228.
https://doi.org/10.1016/j.neuroimage.2014.10.018

Paivio, A., & Clark, J. M. (1991). Static versus Dynamic Imagery. In C. Cornoldi, & M. A. McDaniels (Eds.), Imagery and
Cognition (pp. 221-245). New York: Springer. https://doi.org/10.1007/978-1-4684-6407-8 7

Pearson, J., & Kosslyn, S. M. (2015). The Heterogeneity of Mental Representation: Ending the Imagery Debate. PNAS, 112,
10089-10092. https://doi.org/10.1073/pnas.1504933112

Pylyshyn, Z. W. (1973). What the Mind’s Eye Tells the Mind’s Brain: A Critique of Mental Imagery. Psychological Bulletin,

80, 1-24. https://doi.org/10.1037/h0034650



https://doi.org/10.1016/j.cub.2013.05.065
https://doi.org/10.1111/nyas.12360
https://doi.org/10.1152/jn.00830.2009
https://doi.org/10.1002/acp.1473
https://doi.org/10.1037/0735-7044.111.4.845
https://doi.org/10.1016/0010-0285(88)90012-6
https://doi.org/10.1038/nature07832
https://doi.org/10.1016/j.tics.2007.05.001
https://doi.org/10.1037/0033-295X.88.1.46
https://doi.org/10.3758/BF03198621
https://doi.org/10.1212/WNL.35.7.1010
https://doi.org/10.1016/S0304-3940(99)00441-3
https://doi.org/10.1097/WNR.0b013e328317f3e2
https://doi.org/10.1016/j.neuroimage.2014.10.018
https://doi.org/10.1007/978-1-4684-6407-8_7
https://doi.org/10.1073/pnas.1504933112
https://doi.org/10.1037/h0034650

{7 57 [

~5

Pylyshyn, Z. W. (1979). Imagery Theory: Not Mysterious-Just Wrong. Behavioral and Brain Sciences, 2, 561-563.
https://doi.org/10.1017/S0140525X0006444X

Shepard, R. N., & Metzler, J. (1971). Mental Rotation of Three-Dimensional Objects. Science, 171, 701-703.
https://doi.org/10.1126/science.171.3972.701

Schacter, D. L., & Addis, D. R. (2007). The Cognitive Neuroscience of Constructive Memory: Remembering the Past and
Imagining the Future. Philosophical Transactions of the Royal Society B: Biological Sciences, 362, 773-786.
https://doi.org/10.1098/rstb.2007.2087

Tamir, D. I., & Mitchell, J. P. (2011). The Default Network Distinguishes Construals of Proximal versus Distal Events.
Journal of Cognitive Neuroscience, 23, 2945-2955. https://doi.org/10.1162/jocn_a_00009

@stby, Y., Walhovd, K. B., Tamnes, C. K., Grydeland, H., Westlye, L. T., & Fjell, A. M. (2012). Mental Time Travel and
Default-Mode Network Functional Connectivity in the Developing Brain. Proceedings of the National Academy of
Sciences of the United States of America, 109, 16800-16804. https://doi.org/10.1073/pnas.1210627109

uhl, F., Goldenberg, G., Lang, W., & Lindinger, G. (1990). Cerebral Correlates of Imagining Colours, Faces and a Map: 1I.
Negative Cortical DC Potentials. Neuropsychologia, 28, 81-93. https://doi.org/10.1016/0028-3932(90)90088-6

Van Leijenhorst, L., Crone, E. A., & Van der Molen, M. W. (2007). Developmental Trends for Object and Spatial Working
Memory: A Psychophysiological Analysis. Child Development, 78, 987-1000.
https://doi.org/10.1111/j.1467-8624.2007.01045.x

Washington, S. D., Gordon, E. M., Brar, J., Warburton, S., Sawyer, A. T., Wolfe, A., & VanMeter, J. W. (2014). Dysmatura-
tion of the Default Mode Network in Autism. Human Brain Mapping, 35, 1284-1296. https://doi.org/10.1002/hbm.22252

Hans Xl

RIS K =320 T iR 55

KRATERS (QQ. S HEAEE)
IS UL L i A3 R A T

24 /NI DL R S O BT A il

AT RIAE 2 3R i

L [FAT VR

HIP RS 2R

A2 7 o I IS T AL

WehaiE A http://www.hanspub.org/Submission.aspx

HATIMEFE: ap@hanspub.org

NoaprwhpRE



https://doi.org/10.1017/S0140525X0006444X
https://doi.org/10.1126/science.171.3972.701
https://doi.org/10.1098/rstb.2007.2087
https://doi.org/10.1162/jocn_a_00009
https://doi.org/10.1073/pnas.1210627109
https://doi.org/10.1016/0028-3932(90)90088-6
https://doi.org/10.1111/j.1467-8624.2007.01045.x
https://doi.org/10.1002/hbm.22252
http://www.hanspub.org/Submission.aspx
mailto:ap@hanspub.org

	Insight into the Future: Image Coding for Future Scenarios
	Abstract
	Keywords
	洞察未来：未来情景想象的表象编码
	摘  要
	关键词
	1. 引言
	2. 两种编码系统
	3. 未来情景想象的表象编码及神经基础
	3.1. 表象编码的神经基础
	3.2. 想象未来的神经基础

	4. 研究展望
	4.1. 视觉表象表征能力与想象未来的关系
	4.2. 想象未来能力的测量
	4.3. 想象未来在各行业的应用前景

	5. 结语
	基金项目
	参考文献 (References)

