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Abstract: [Objectives] Understanding whether Large Language Models (LLMs) possess spatial cognitive
abilities and how to quantify them are critical research questions in the fields of large language models and
geographic information science. However, there is currently a lack of systematic evaluation methods and standards
for assessing the spatial cognitive abilities of LLMs. Based on an analysis of existing LLM characteristics, this
study develops a comprehensive evaluation standard for spatial cognition in large language models. Ultimately, it
establishes a testing standard framework, SRT4LLM, along with standardized testing processes to evaluate and
quantify spatial cognition in LLMs. [Methods] The testing standard is constructed along three dimensions:
spatial object types, spatial relations, and prompt engineering strategies in spatial scenarios. It includes three
types of spatial objects, three categories of spatial relations, and three prompt engineering strategies, all integrated
into a standardized testing process. The effectiveness of the SRT4LLM standard and the stability of the results are
verified through multiple rounds of testing on eight large language models with different parameter scales. Using
this standard, the performance scores of different LLMs are evaluated under progressively improved prompt
engineering strategies. [Results] The geometric complexity of input spatial objects influences the spatial
cognition of LLMs. While different LLMs exhibit significant performance variations, the scores of the same
model remain stable. As the geometric complexity of spatial objects and the complexity of spatial relations
increase, LLMs' accuracy in judging three spatial relations decreases by only 7.2%, demonstrating the robustness
of the test standard across different scenarios. Improved prompt engineering strategies can partially enhance
LLM's spatial cognitive Question-Answering (Q&A) performance, with varying degrees of improvement across
different models. This verifies the effectiveness of the standard in analyzing LL.Ms' spatial cognitive abilities.
Additionally, Multiple rounds of testing on the same LLM indicate that the results are convergent, and score
differences between different LLMs exhibit a stable distribution. [Conclusions] SRT4LLM effectively measures

the spatial cognitive abilities of LLMs and serves as a standardized evaluation tool. It can be used to assess
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LLMs' spatial cognition and support the development of native geographic large models in future research.
Key words: large language model; spatial cognition; spatial relation; evaluation standard; prompt engineering; chain
of thought; spatial scene
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$3£ 1 Simple Prompt (SP) (2) 5154/~ (Guiding Prompt, GP)
A A3 X RIEAR shape; 25 M]3 R ALDR coordinate; %3 1] 3G 7 SP ’fl b{ml ﬁtﬂj ﬁ*ﬁﬂ%ﬂiﬁgﬁ ':P E@é I‘Eﬂg‘é/% %l]

& X relation

it - Simple Prompt A5 AR

1. ¥14A 1k Simple Prompt #5214 «
Your task is to determine the topological relation between two
closed geometrical shapes in the same coordinate system. The
eight kinds of topological relations will be delimited with "' tag.

“{relation}

The two geometrical shapes are {shape} that will be given
their positions by coordinates: {coordinate}.

2. ¥ BARIR R 1Y shape . coordinate F relation /3 B HFAF AR
P 5 BLATF {shape); {coordinate}; {relation}

3. AR [m1 A R SP 7R I

P ME DU CHE B RE Sy o WESE R, DAL 5 1]
AT DL R0 OR RE AR HE L RE ), Hor, CoT & —
FE FH R AT Z e AT 55 R AR . X TE
7% [A] 21, 40 K #E BH (arithmetic reasoning) . & 1
Fi(commonsense reasoning) . {55 #E # (symbolic rea-
soning) 5§ , KA RIARME B4 45 HH IER B 28 . CoT i
o BRI A i ) B 225 S 2 U B AP
8 D RO — 5 WO SR ORI HE S, th T
IR (RCC-8) 1 JZ ik L, GP REHE 5] 5 AR
BRI XFERERER L LDHHET .

Follow these steps in the reasoning process, The steps will be separated by {delimiter}:

Step 1: {delimiter} Determine the position in the coordinate system.

Step 2: {delimiter} Are x and y connected or discrete?

Step 3: {delimiter} If connected, are x and y externally connected or overlapping?

Step 4: {delimiter} If overlapping, are x and y partially overlapping or is one part of the other?

Step 5: {delimiter} Which is part of which?
Step 6: {delimiter} Are x and y tangent?

7 b 45 prompt AR

Fig. 7 Standard CoT template

SRTALLM 7E & 15| S48 /s i), fii 4k 1 8 4R850 &2
e AR X 2 [ (] RN A DG B B A
WEN, KRR ERNTEAE LT EN
CoT. GPHIEUNT :

%312 Guiding Prompt (GP)
HA 25 X G IEAR shape; 28 A G ABHR coordinate; 75 (8] e 7
7 X relation
it : Guiding Prompt B4R
1. ¥11H 4k Guiding Prompt 15445 :
Your task is to determine the topological relation between two

closed geometrical shapes in the same coordinate system. The
eight kinds of topological relations will be delimited with "™ ta
“Arelation}™

The two geometrical shapes are {shape} that will be given
their positions by coordinates: {coordinate}.
Pay attention to the following points in responding:
(1) By specifying the range of x-coordinate and y-coordinate,
clearly define the positions of two geometrical shapes in the co-
ordinate system.
(2) Two {shape} can only be overlapping if their x-coordinate
and y-coordinate overlap at the same time.
(3) TPP, NTPP, TPPi, NTPPi and EQ are special cases of PO
and should be categorized separately if their definitions are
met. If not, categorized as PO.

2. 8 BARMER B B9 shape . coordinate Fl relation 53 M A AR
) S DL {shape); {coordinate}; {relation}

3. AR [P A A GP 478 1

(3) 7~ 54275 (Example Prompt, EP)

EP 7£ SP [ 34tk 15| A Few-shot 3 W& , &5 Uk
BURT R AL 2 A4 B 5], LL3E S OB AU A pl B A1
o IR M RE A 5 AL AT R 4% [R] OC R A 3L, O
DRSPS . EPSEVEANR

%3 Example Prompt (EP)

I 2RI shape; 28 [BIXF G 4885 coordinate;,
7€ X relation
it : Example Prompt £5 AR
1. WA 4k Example Prompt B4R -
Your task is to determine the topological relation between two

23[R HR

closed geometrical shapes in the same coordinate system. The

eight kinds of topological relations will be delimited with """ tag.
“{relation}™’

You will be given two cases to learn how to reason the ques-

tion out.

Case 1 - The two geometrical shapes are {shape} that will be

given their position by coordinates: rectangle x: (5, 6), (7, 6), (7,

7),(5,7), (5, 6); rectangle y: (4, 5), (8, 5), (8, 8), (4, 8), (4.,5).

Answer 1 - Based on the given coordinate information, the po-

sition of the two circles in the coordinate system can be deter-

mined:

rectangle x: x-coordinate ranges from 5 to 7, y-coordinate rang-

es from 6 to 7.

rectangle y: x-coordinate ranges from 4 to 8, y-coordinate rang-

es from 5 to 8.
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Next, reason about the topological relation between two rectangles:
(1). The two rectangles overlap in both the x and y coordinate
ranges, so it is not DC(x, y) or EC(x, y).
(2). Rectangle x's x and y coordinates are both completely con-
tained in rectangle y, so they are not partially overlapping or
identical. It is a TPP(x, y) or NTPP(x, y) relation.
(3). Rectangle x and rectangle y are not tangent, so it is a NTPP
(x, y) relationship.
Therefore, it is concluded that the two rectangles are NTPP(x, ).
Case 2 - The two geometrical shapes are {shape} that will be
given their position by coordinates: rectangle x: (1, 2), (3, 2), (3,
5), (1,5), (1, 2); rectangle y: (3, 3), (5, 3), (5, 4), (3, 4), (3, 3).
Answer 2 - Based on the given coordinate information, the po-
sition of the two rectangles in the coordinate system can be de-
termined:
rectangle x: x-coordinate ranges from 1 to 3, y-coordinate rang-
es from 2 to 5.
rectangle y: x coordinate ranges from 3 to 5, y coordinate rang-
es from 3 to 4.
Next, reason about the topological relation between two rectangles:
(1). The y-coordinate ranges of the two rectangles overlap, but
the x-coordinate ranges do not, so it is DC(x, y) or EC(x, y), not
the others.
(2). The x-coordinate ranges of the two rectangles do not over-
lap, but are connected, indicating that the two rectangles are ex-
ternally connected, so it is EC(x, y).
Therefore, it is concluded that the two rectangles are EC(x, y).
Question - The two geometrical shapes are {shape} that will be
given their position by coordinates: {coordinate}.

2. ¥ BARIR G B9 shape . coordinate Fl relation 53 M A AR
) S BE A {shape}; {coordinate}; {relation}

3. AR A Y EP 4R 1

2.1.4 MR PAIA A A

YRR 14 I TR 5 R ) -
BN (Q&A)TE X, I LI W 1o 428 R XA )
WA . SR, S As (8] D¢ RN B T & 52
VBRI T ME DA RGPS R AR R ) .
BURPRLE T, 8 W i p i s ] 56 R &l
ORI N3 27 NS X7 A ) Hh R AR A
1%, T BORARE B A DA A& ) BRAR RE A2, AT
S A RO o AN, SATE R BN SCGeAZ s i i
SEIR T, T L AR AL A AR B AR

B 5 B 1 0 I R AR 7 g 1 D ) R A
AU AL 23 (] OC R AR E (R 1), LA/ BRI &
B T B0 PR A O 22 o [RIRSF, 2% B8 3 BE £ 0T BE X
AT (1) B 1 7= AR G s IR oy 13 28 U =X il
RAGE YT ST 56 JCAHE 2 5 0 Wiy, DA T S oy b B A
Hzs [\ 5 R INFNRE ST o

B AT 55 FliR 1 1 SCOARBE S R 25 57 %
A RN 2% AR T — AR AR AR, A
T ANMROER ALFHES SRR E L AxT4
ARBRIF AN S A s TR SR o Ak 25 i it , i
Mt i A — 5P, DI B RS Al v, S
JE B REVTAL o BLAE 48 TP Je 22 1 Fh AR 7Y
XFECATHT | SR ORS00 ) — S AT AT He: i It
BRI SCE A bR ATE T ST RERD TRIE &
2SRRI AR AR i, P i 2 5 7

1 SRT4LM 3 FhELAL =S 8] X R B E X
Tab. 1 Definitions of three spatial relations in SRT4LLM

23[R AR

SRTALLM X %5 [1] 5 2 (1) 52 X

HINKER (1) DC(x, y): x is disconnected from y.
(2) EC(x, »): x is externally connected to y without any overlap.

(3) PO(x, y): x partially overlaps y, with neither being a part of the other.

(4) TPP(x, y): x is a tangential proper part of y.

(5) NTPP(x, y): x is a nontangential proper part of y.

(6) TPPi(x, y): y is a tangential proper part of x.

(7) NTPPi(x, y): y is a nontangential proper part of x.

(8) EQ(x, y): x is identical with y.
Tk F (1) Up(x, y): y is roughly above x.

(2) Down(x, y): y is roughly below x.
(3) Left(x, y): y is roughly to the left of x.
(4) Right(x, y): y is roughly to the right of x.

(5) Upper Left(x, y): y is roughly to the upper left of x.

(6) Lower Left(x, y): y is roughly to the lower left of x.

EEP SN

(7) Upper Right(x, y): y is roughly to the upper right of x.
(8) Lower Right(x, y): y is roughly to the lower right of x.

Qualitatively describe the relation by delimiting the distance range.
(1) Close(x, y): The length of the distance from x to y is [0, J,].

(2) Medium(x, y): The length of the distance from x to y is (6, J,+9,].
(3) Far(x, y): The length of the distance from x to y is (J,+9,, +o0).
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2.2 SRT4LLM x5 2

SRT4LLM % 1] 3 2% Prompt T. &5 0% (SP .GP .
EP), &% 3 825 [t & (BE Y 208 ) 17
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Fig. 8 The evaluation process of SRT4LLM
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Sk 6 UE DU BT o 04 A S | AR AF 5T A i AR
U 2 A B[R] P RIS SV $A R B H 3,  BR
T8 A Ui KB B AE S i X 4, A2 5 Chat-
GLM3, ERNIE Bot, Gemini, GPT-3.5, GPT-4, LLa-
Ma2, QWEN FI SparkDesk ( 3 2) . I i 52 55 7F
2024 4F 1—2 J JF & , H |, ERNIE Bot. Gemini .
GPT-3.5,GPT-4 ,QWEN il SparkDesk 2 i 1< 14
B APT 2 1 S2 8L A 3 Ak, M ChatGLM3 1
LLaMa2 & T B B 2 1) DashScope i i APT 4% 1 7
FFRA

3.2 MIFER SR
3.2.1 23[R0 G LT AR B2 i 43 By

SIS RN R 2% B 1 LT o 5, A 45 1]
¥ EIEMZ0TE , DL A0 14 A B A . 25
(3R 3) BR8N RBRIYE Y L A2l e =5
(i) 37 5% 1) 3 2 ] G 22 4 W7 1 A 2353 301 35.8%
38.8%. 53.0%, 28.6%. 39.7%. 514%, UL M 32.6%.
37.2%.46.5%.

[T X 52 T A B AL T 1510 5 2142,
EDT 8] B, AR AL AR R IR . HIE N 7% &
WA 3N T TUAAT A e X AR (Y 4 2
PR R TR ZIIE TGN T AT S i B
I a5 G FR, E— D f i TR S MERE , S B0

®2 WA KER
Tab. 2 Tested large language models

KB HR BRA KAHLAL KA [A] ML RAS
ChatGLM3 ik Al 2023410 H 27 H ChatGLM3-6B
ERNIE Bot HE 202343116 H ERNIE-Bot-turbo-0922

Gemini Google 2023412 6 H gemini-pro
GPT-3.5 OpenAl 20224F 11 H30H gpt-3.5-turbo
GPT-4 OpenAl 20234315 H gpt-4-0125-preview
LLaMa2 Meta Al 202347119 H LLaMa2-13B-chat
QWEN Pl L 25 202343 16 H qwen-max
SparkDesk BERIR K 202345 H 6 H sparkv3.5
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Tab.3 Accuracy on three spatial scenes (%)
— LSS RVES RSP S
)% B ZiWE e VizH|Z EZuN7 BT B ZiNk

ChatGLM3-6B 22.2 13.9 4.2 11.8 11.8 13.9 25.0 18.0 11.1
ERNIE-Bot 9.7 16.0 8.3 10.4 10.4 18.1 34.8 30.6 29.2
Gemini-pro 382 25.0 45.8 38.2 375 40.3 51.4 58.3 55.6
GPT-3.5 40.3 27.8 29.2 542 52.1 41.7 81.9 85.4 45.8
GPT-4 78.5 72.9 63.9 87.5 95.1 72.2 98.6 92.4 79.2
LLaMa2-13B 229 14.6 11.1 14.6 18.1 15.3 25.0 32.0 16.7
Qwen-max 47.2 29.2 54.2 55.5 60.4 68.1 76.4 62.5 84.7
Sparkv3.5 27.1 29.9 44.4 38.2 31.9 27.8 31.3 32.0 50.0
SEA{H 35.8 28.6 32.6 38.8 39.7 37.2 53.0 51.4 46.5

WA N SR, BT, K RLZE R AL
S F A BT R, ORI T AR 1 3 R 1

ZE L rid , SRTALLM bR v 56 1 KA 7
FEAN TR 7 55 i 3 1 M, 28 BH R 1R o b B0 2 (B4 55
HIRE I Z R AR RS o DA 8 AR (1)) 3K
iR (K 9)F BRI K EEAIAE 32 M 4 iy
WA W P B A, KR o3 KA AE AN ] 23 [3] %f
SRR R 2R R AR R R, SR A v i — 3
P, #E— L IE T SRTALLM RE68 A %405 T4 2%
ZS a5, BRAh £ KB AE 23 RN AT 55 i i
W RAFAE R K 22 53, F W SRTALLM H £ I 38 K A
RIFE 23 BN HIBE ) I IX 5 g
3.2.2 R TRERZ I

ABFFERH 3 Pt R T A2 0E : SP.GP FIEP,
KB R R B 5 B . PSS 2R (3R 4)
FH, {4 SP.GP I EP 48 /R SR g i, FOBE AL AE 3 28
25 (0] 6 R HIWTAT 55 B 19 7 24 E 2R 4331 R 29.6%

32.3%. 35.4%, 31.0%. 35.8%. 47.4% LA J¢ 44.3% .
46.6%.57.3%

SP SR T FH T ) HP L, {EGH A2 2% [ A
&AL . GP Y EP IS RENS i 35§12 T R Y

HERIA/ %

B ViEV| EZ0)
—o— ChatGLM3-6B - GPT-4 —* Qwen-max - Gemini-pro
+— ERNIE-Bot GPT-3.5 —— Sparkv3.5 -+ LLaMa2-13B

K9 RMEAITE 33823 Al 755 b A MERR
Fig. 9 Accuracy of tested large language models

on three types of spatial scenes

%4 Simple Prompt (SP),Guiding Prompt (GP)#1 Example Prompt (EP)ZRHEE T~ B AR AU 2= [BlA HLERR R

Tab. 4 Spatial cognitive accuracy of large language models using Simple Prompt (SP),

Guiding Prompt (GP), and Example Prompt (EP) (%)
— (P EVEES PHECR
SP GP EP SP GP EP SP GP EP
ChatGLM3-6B 12.0 11.5 9.9 12.0 10.4 16.1 2.1 4.2 42.7
ERNIE-Bot 8.3 13.5 9.9 14.6 11.5 16.7 25.5 37.5 29.7
Gemini-pro 36.5 36.0 43.7 26.0 33.9 57.3 54.2 43.2 68.2
GPT-3.5 27.1 27.6 40.1 36.5 40.6 62.0 60.9 62.5 70.9
GPT-4 63.6 72.4 73.4 73.4 87.5 84.4 86.5 89.6 85.9
LLaMa2-13B 12.0 16.2 16.7 13.0 15.6 18.7 15.1 20.3 323
Qwen-max 40.1 453 53.1 50.5 63.6 75.0 67.7 71.9 91.7
Sparkv3.5 37.0 359 36.5 21.9 23.4 49.0 422 43.3 37.0
S 29.6 323 354 31.0 35.8 47.4 443 46.6 57.3

T 322SR 3 Prompt R 2 o mi 4570 HTHLIRBR U , U0 A0 S5 R B nid: TRk
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Fig. 10 Accuracy comparison of tested large language

models using three Prompt strategies
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Tab.5 The result scores of multiple rounds of testing

- EENP SN T FR P
B TR R P bR At B TR BB AR PIOMH ARiEE BEAR BB TR BBt PIUMH ARz
ChatGLM3-6B 0.0 0.0 0.0 0.0 0.0 20.0 10.0 200 16.7 5.8 10.0  10.0 10.0 10.0 0.0
ERNIE-Bot 0.0 0.0 0.0 0.0 0.0 0.0 0.0  20.0 6.7 115 30.0 0.0 200 167 153
Gemini-pro 300 30.0 50.0 36.7 11.5 500 30.0 50.0 433 11.5 500 60.0 60.0 56.7 5.8
GPT-3.5 20.0 40.0 10.0 233 15.3 30,0 30.0 200 26.7 5.8 300 50.0 30.0 36.7 11.5
GPT-4 80.0 70.0 80.0 76.7 5.8 80.0 70.0 80.0 76.7 5.8 60.0 60.0 60.0 60.0 0.0
LLaMa2-13B 20.0 20.0 20.0 20.0 0.0 10.0 0.0 10.0 6.7 5.8 10.0 0.0 10.0 6.7 5.8
Qwen-max 60.0 60.0 70.0 633 5.8 70.0 60.0 60.0 633 5.8 60.0 60.0 60.0 60.0 0.0
Sparkv3.5 200 20.0 20.0 20.0 0.0 40.0 40.0 40.0 40.0 0.0 500 50.0 50.0 50.0 0.0
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Fig. 11 The average accuracy and standard deviation of tested large language models on three types of spatial tasks
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