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1.Background and Research Gap

' These models are increasingly
| being applied in geospatial and
. cartographic domains. |

map interpretation
geographic question answering ;
spatial reasoning '
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1.Background and Research Gap

Can current VLMs truly read and understand maps in a human-like way?

Map reading is much more complicated.

There is still a lack of a systematic framework for evaluating the map-reading capabilities of VLMs.

How can we systematically define map-reading capabilities for VLMs?

How can we construct an operational benchmark for evaluating these capabilities?

What are the strengths and limitations of current VLMs in map-reading tasks?




2.Bloom-MR-VLM Cognitive Framework

0 Metadata Recognition e Symbol Interpretation e Scale Understanding

Based on existing studies in

‘
EUROPE POPULATION DENSITY . Legend 0 50 100 150 km
(2020, inhabitants per km?) Q: What s the m Q: What is the
ca rto g ra p hy a n d m a p ‘ ' coordinate system [H] o 8 [E] Hospital Q: What does the 4 :
Source: Eurostat used in this map? > blue “H" symbol app;roxu’rl]:tde. P
CO gn itio n’ we s u m m a ri ze | Coordinate System: ETRS89 / LAEA Europe ? @ g3 School | represent? B. sz-v::; . al:da;;e
Date: May 2024 : o) , o i
h I.t . t I N A: ETRS89 / QO city A e ]
t ese I e ra Cy I n O Seve ra A ‘ LAEA Europe [H] 3 A Hoﬁsplrtal ) A = A: About 120 km
. . 0 250 500 750 H] s Z
important skills. —w W

understanding metadata

,

0 Orientation and Direction Judgment

e Spatial Relationship Analysis

e Contour Line Interpretation

. . N | Q: Which of the
recognizing symbols and labels : | fe o E } oB following i true? “30 92| (v ocaton
. (Qz In which direction Ais north of B X is at a higher
understanding map scale s isBfoma? ’ °A oo < elevation, A or B7
judging orientation and ‘ s | T
. . | < | A: Northeast C ; ( ,_,90 :
direction A Y (aeamwestarc. | ||| A S

analyzing spatial relationships

interpreting contour lines

. . o GDP per Capita (EUR) ow o 10°

choosing and planning routes b = - 2n§oultrave:1ﬁom
. . o || <10,000 to B along the

understandi ng thematic === Route2 [ 10,000 - 20,000 shortest path on the

0 Route Analyze and Planning

Route 3

70 R R i - P PR
&Y Thematic Information Interpretation

[ 20,000 - 30,000

e Geospatial Reasoning

60°N A
|
|

| earth’s surface,

i i - o A‘\ | will you generally
n fo rmation e e 2N ol | head southeast or
. . . > 40,000 BN
performing spatial reasoning i oy southwest?
\ " RUB _ _
( Q: Which region has the highest GDP per capita? \ SUt | e

p
Q: Which route is the shortest?
A: Route 3

t A: The dark brown region. J

A: Southeast.




2.Bloom-MR-VLM Cognitive Framework
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3. Benchmark Construction

Population of Belgié in 2023

The benchmark contains 102 custom-designed choropleth maps.

Gross Domestic Product (GDP) of Deutschland in 2020

Females of Bulgaria in 2023
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3. Benchmark Construction

Males of Romania in 2023

Available Beds in Hospitals of Tiirkiye in 2020
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3. Benchmark Construction

Population of Belgié in 2023
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Map: Populaiton of Belgium in 2023

Question: List all map elements included in the given map.
Provide your answer in the format: [Title] [Legend] etc.

Answer: [Title], [Legend], [Scale bar/ Scale], [Author], [Date],
[Source], [Coordinate grid/ Latitude and longitude
lines/grid/Graticule/Geographic Grid/Latitude and Longitude
Grid]

Map: Populaiton of Belgium in 2023

Question: What is the direction of Mark A in relation to Mark B?
Enclose each answer in square brackets like this: [Answer].

Answer: [northeast]



4. Experiment

Case Study

102 Choropleth maps
9 representative subskills

2040 MQA samples

Experiment
Automated scoring combined with expert manual
review

5 representative vision-language models tested:

GPT-4.1, GPT-40, Gemini 2.0 Flash, Gemini 2.5 Pro,
and InternLM3-8B-Instruct.

Belgit in
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Symbol and Label
Integration for Spatial Tasks

Q7: What are the names of the regions where the
subway and the school are located, respectively?
Enclose each answer in square brackets like this
[Answer].

A7:[BE24], [BE33]

Q8: According to the map, which area should | go to for
medical care? Enclose each answer in square brackets
like this: [Answer].

Ag:[BE32]

@Q9: Which region are you currently in according to the
given map? Enclose each answer in square brackets
like this: [Answer]

A8:[BE23]

Distance and Spatial Extent Estimation

Q70 Using the scale, calculate the real - world distance
from your location to the subway. Enclose each answer
in square brackets like this: [Answer]

A10:123.52

Map Orientation Recognition

Q11: What is the orientation of the right side of the
map? What is the orientation of the bottom side of the
map? Enclose each answer in square brackets like this
[Answer].

A11: [Right: east], [pottom: South]

Map Basic Information Recognition
Q17: List all map elements included in the given map. Provide your
answer in the format: [Title] [Legend] etc.

A1: [Title], [Legend], [Scale bar/ Scale], [Author], [Date], [Source]
[Coordinate grid/ Latitude and longitude lines/ grid/ Graticule/
Geographic grid/ Latitude and longitude grid]

Q2: Who is the author of Q3: When was this map created?
the given map? Enclose Enclose each answer in square
each answer in square brackets like this: [Answer].

brackets like this: [Answer].
A3:[2025-03-097 March 09, 2025/ 03-
A2: [Kate X-Williams] 03-2025/ 03/09/25/ 09th March, 2025]

Symbol and Label Identification
Q4 : What symbols are usedfincluded in the given map? What does

each symbol represent? Enclose each answer in square brackets like
this: [Answer].

Ad: [Red star — Your location], [Red triangle — Mark], [Gray circle with
yellow icon — Hospital], [Gray circle with train icon — Subway], [Gray
circle with purple icon — School], [Black dot — All other values], [Dashed
black line — Boundary], [Population categories/ Population]

Q5; What is the range of each category? Enclose each answer in
square brackets like this: [Answer].

AS: [27654 — 207654], [297655 — 506650], [506651 — 898619, [898620
— 1188079], [1188080 — 1361026], [1361027 — 1563346], [1563347 —
1915921

Q6: What regions are present in the given map? List their names.
Enclose each answer in square brackets like this: [Answer].

A6: [BE22), [BE23], [BE34], [BE35], [BE24], [BE25], [BE31], [BE32],
[BE33], [BE10], [BE21]

Relative Direction Interpretation
Q12: What is the direction of Q13: According to the map,

Mark A in relation to Mark B? which direction are you located
Enclose each answer in square in this country? Enclose each
brackets like this: [Answer] answer in square brackets like

this: [Answer]
A12: [northeast/east] A13: [northwest]

Spatial Relationship Recognition

Q14: What is the topological
relationship between BE21 and
BE22 in the given map?
Enclose each answer in square
brackets like this: [Answer]

A14: [touch]

Q15: What is the topological
relationship between the school
and BE33 on the given map?
Enclose each answer in square
brackets like this: [Answer]

A15: [Within/ Inside/ Contain]

Thematic Information Statistical Analysis

Q16: How many categories is
the Population divided into in
the given map? Enclose each
answer in square brackets like
this: [Answer]

A16:[7]

Q17: How many areas fall
within the Population range of
1188080-1361026? Enclose
each answer in square brackets
like this: [Answer].

A17:[3]

Thematic Information Comparative Analysis

Q178: What is the Population of the Q19: Which areas have the largest Q20: Does Mark A's area have a larger
area you are in? Enclose each answer Population? List all ares name. Enclose each Population than Mark B's area? Enclose each
in square brackets like this: [Answer] answer in sguare brackets like this: [Answer] answer in square brackets like this: [Answer]

A18:[1361027 - 1563346] A19: [BE21] A20: [yesftruelright]




5. Results

5.1 Structured Output and Fallback Behavior

Most models were able to generate stable structured outputs.

Table 1 Summary of answer regularity and fallback responses across models.

Model Structured Output Rate (%) Fallback Rate (%)
GPT-40 90.88 6.81
GPT-4.1 99.90 0.10

Gemini Flash 2.0 98.09 0.88
Gemini Pro 100.00 0.00
InternLM3 99.95 0.05

This suggests that GPT-40 adopted a more conservative answering strategy, while other models
tended to answer all questions even when uncertain.



5. Results

5.2 Overall Performance Across Subskills

Heatmap

of VLM Performance Across Map-Reading Subskills
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5. Results

5.3 Weakness in Spatial Reasoning

many models fail when the map orientation is changed.

Population of Belgi¢ in 2023
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5. Results

5.4 Performance Across Cognitive Levels

VLM Performance Across Cognitive Levels !
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This indicates that current
VLMs are strong at semantic
recognition but still limited
in complex geographic
cognition.




5. Results

Population of Belgi¢ in 2023

5.5 Typical Error Patterns

e Cartographic Symbol Misunderstanding
e Spatial Orientation and Positioning Bias
e Metric Reasoning Failure

505N

e Spatial Relation Reasoning Errors

e Hallucination in Map Interpretation

* Response Compliance Failure
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6. Discussion and Conclusion

Evaluating map-reading capability is much more complicated than general visual
question answering tasks.

—©  Current VLMs still lack strong spatial understanding.

—©  The importance of integrating geospatial cognition into future multimodal Al system:s.
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