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® Chart Understanding Introduction
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®Chart Question Answering (QA) Task

Greenberg's Climate Change Budget Allocation
for 2025

Sustainable Transport

Initiatives
mmm Renewable Energy
mmm Urban Greening
wem Waste Reduction
mmm Sustainable Transport
wwm Water Conservation

Water Conservation

Waste Reduction

Renewable Energy
Urban Greening

Question (Q): Which initiative has the highest percentage allocation in the chart?

Answer (A): Renewable Energy



®Previous Synthetic Chart QA Dataset: Limited Types

Common Type: Line Chart

Social Media Activity during peak hours on March 19, 2023
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®Previous Synthetic Chart QA Dataset: Limited Types

Synthetic Chart Dataset
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®Previous Synthetic Chart QA Dataset: Single-Plot Only
Combined Subplot

Renewable Energy Generation in Simulated Countries
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®Previous Synthetic Chart QA Dataset: Single-Plot Only

Synthetic Chart Dataset Real Chart Dataset
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®Our Synthetic Dataset: Expand Chart Types & Combined Subplot

29 Chart Types 250+ Types of Combined Subplot
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® Quantitative Comparison with Other Datasets

Dataset #Themes #Chart types #Type Combo. #Images Synthetic Subplots #QA Pairs Training set
OpenCQA [24] 10 5 | 1.2k 4 % 1.2k X
ChartX [47] 22 18 1 6k v X 6k M
CharXiv [44] - - - 2.3k X v 5k %
PlotQA [39] - 3 | 224k v X 29M v
ChartQA [34] 15 3 1 21.9k X X 32.7k v
ChartLlama [ 14] 10 10 | 11k v X 160k v
ChartBench [49] 9 9 4 68.7k v X 618.5k v
ChartAssistant [38] - 9 1 - X X - v
SimChart9k [46] - 3 1 9k v X 9k v
MMC [30] 5 6 - 600k X v 600k v
ReachQA [15] - 10 - 3.7k v v 22k v
ECD (ours) 25 29 252 10.5k v v 321.5k v
120 - 114.03 - 3 [ Synthetic 2l
5 = § [ Real { 2.24 207
5 100 94.57 g1 g7 527 1.65 154 1.62
= = 2 1.23
= )
= 807 73.76 74.80 B 025 097
=" T >
60.74 | <
60 ' ' . — 0 - . . .
& w ¥ F & @ g & W F F & @ od
& & SN q{@o\\ ¢ o %60 2 Qo\\
S & &



® Qualitative Comparlson W|th Other Datasets
|I||. W

EALRTTRI

PlotQA

|||III||||||||| III

|II|| Jd ||""

SimChart9k

SEmrF 7

ChartQA

|

S um il

r |
| ol

| :_ i) |||||||| =
T
l‘ b M b

HH !l

i Ll

ChartBench

..mu( ) Mo Y75

L0 _d

— Effectlve Chart Dataset (ECD)




®Our Data Synthesis Pipeline Overview

L. Single plot
generation

1I. Combined

subplot generation

III. Chart image
diversification

IV. Chart image
filtering

V. QA pair
generation &
filtering

theme render
) .. plot line chart( @ P
data=[1.2, 3.4, 5.1],
title="Line Plot',
e I — >
markers=...)

def plot_line_chart(..
def plot_bar chart(...): ...
def plot radar_chart(. . ) + +
def -

pre-defined chart parameter examples chart data generator single plot
functions descriptions p e.g., data, title, labels, markers gep
type + layout heme chan data generator rcndcr
e.g., line + bar, layout (2, 2) 7¢< ll-l_
|_*lIJ: - ¥ E
Pl aRr) subplot 1 subplot2  subplot3  subplot4 combined subplot

Highest Point

oes |2 [t et
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combined subplot title

single plot annotations  area shading

@ chart image filter: visual clarlty + semantic coherence

X

X

2.

_
~
L\

2.

Trend on ...

lea@@ =

QA generator

descriptive QA pairs
e.g., Q: what is the title of this chart?

reasoning QA pairs
e.g., Q: which country ranks second highest in the chart?

filtered image data QA filtering



®Our Data Synthesis Pipeline

I. Single-Plot Generation — II. Combined Subplot Generation
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® Our Data Synthesis Pipeline

III. Chart Image Divercification

Highest Point |
Annotations Area Shading Zoom-in Inset

IV. Chart Image Filtering
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®Our Data Synthesis Pipeline
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III. Chart Image Divercification

Highest Point

Annotations  Area Shading

IV. Chart Image Filtering
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® Our Data Synthesis Pipeline

III. Chart Image Divercification

Highest Point |

Annotations Area Shading Zoom-in Inset

IV. Chart Image Filtering

Energy Consumption and Global CO2 Emissions Breakdown




®Our Data Synthesis Pipeline

Media and Journalism: Audience Trends and Revenue Distribution (Analysis 2021)

\ Trends in News Consumption Across Mediums Revenue Breakdown for Media Organizations (2021)
80 =~ —e— Online News Readership / 25 B Newspaper Ad Revenue
—-=- Print News Readership g 150 B Digital Ad Revenue
,\70 —+— Podcast News Consumption g [ Subscription Revenue = 500
2 Social Media News Consumption Ve T 1 Donation Revenue
2 60 / @ 5
—_ ¥4 =
o ©
IV. Chart QA 3 /\/ g Es
=30 o o m
: [0 P w 2
Generation 8 - 2 S
W40 w=—e_ o -
- £ 450
o | | U=zl / o3
o || e TTwma ‘(' > (e]
c L _ Q-3
% 30 it S ¥ g
o 7 - va
- [<5]
20 ‘/‘/ $
_.—" © 320
10 §
&) &) N N a9, o) 0 100 200 300 400 500
N N ¥ v {V v L
» % % > > > Revenue (in Million $)
. . Years
Descriptive QA:

Question (Q) : What is the title of the left subplot?

Answer (A): The title of the left subplot 1s "Trends in News Consumption Across Mediums'.



®Our Data Synthesis Pipeline

Media and Journalism: Audience Trends and Revenue Distribution (Analysis 2021)

Trends in News Consumption Across Mediums
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Question (Q)
National Media?

Revenue Breakdown for Media Organizations (2021)
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Which revenue source shows the largest difference between Local Media and

Answer (A): The differences for each source are: Newspaper Ad Revenue = 380 - 320 = 60M, Digital
Ad Revenue = 500 - 200 = 300M, Subscription Revenue = 150 - 100 = 50M, Donation Revenue = 25 -
50 = -25M. Largest difference is for Digital Ad Revenue with 300M. Answer: Digital Ad Revenue



® Model Training on Our Dataset — Supervised-Finetuning (SFT)
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@®Our ECDBench Construction

» (gl Charts: 1,224
Single-plot: 364
Multi-subplot: 860
¢ 2types: 457 ¢ 3 types: 403

> EJ Avg. Resolution: 1378 X 968 px
> I Constructed via GPT-40 + human refinement

> £ Q&A Pairs: 2,448
(1] Descriptive + (1] Reasoning QA per image

Model Performance Comparison (%)

Model
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ol
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Claude-3.7-Sonnet

Claude-3.5-Sonnet

Qwen2.5-VL-72B

GPT-4o0

GPT-4o-mini

Qwen2.5-VL-32B

Qwen2.5-VL-7B

Random (GPT-40)

Reasoning
57.03
56.13
44.36
40.52
44.20
43.38
41.99
38.81
35.62
24.26
24.92
19.04

4.58

Descriptive

77.45
74.51
76.88
74.18
69.36
69.61
68.14
68.46
70.18
57.27
53.92
57.35

1.63

Average
67.24
65.32
60.62
57.35
56.78
56.50
55.07
53.64
52.90
40.77
39.42
38.19

3.10



® Model Evaluation on Chart Benchmark

Models | CharXiv ChartQA | ReachQA ChartBench ChartX ECDBench

\ Rea. Des.  Avg. QA | Rea. Recog. Avg. Binary NQA Avg. QA Rea. Des.  Avg.

Baselines
Human 80.50 92.10 89.78 - 65.10 84.60 74.85 - - - - - - -
Random (GPT-40) [4] 10.80 19.85 18.04 30.04 8.20 13.30  10.75 - 22.73 - 11.46  4.58 1.63  3.10
Proprietary multimodal large language models

GPT-40 mini [4] 34.10 7492 66.76 77.52 27.20 53,50  40.35 - 34.93 - 4436 2426 5727 40.77
GPT-40 [4] 47.10 84.45 76.98 85.70 39.70  66.80  53.25 - 52.88 - 5833 3562 70.18 5290
Claude 3.5 Sonnet [5] 60.20 84.30 79.48 90.80 51.70 7430  63.00 - 48.29 - 4271 4199 68.14 55.07

Open-source multimodal large language models

LLaVA-Next-Llama3-8B [22] | 19.70 38.90 35.06 64.56 8.00 2330 15.65 61.18 38.29 58.64 27.69 474 17.16 10.95

+ ECD 21.80 59.05 51.60 68.64 12.70 37.50 25.10 64.21 47.05 62.30 46.61 16.50 46.65 31.58
MiniCPM-V2.6 [45] 2540 5265 47.20 76.96 14.50 48.10 31.30 75.67 5233 73.08 47.31 15.15 3995 27.53
+ ECD 2690 6190 54.91 77.28 1750 4840 3295 70.77 52.81 68.77 50.43 18.14 5221 35.17
Phi-3-Vision [2] 31.50 60.52 54.72 81.92 2840 6280 4560 71.92 6271 70.90 67.53 21.65 41.18 31.41
+ ECD 3340 68.00 61.08 84.88 32.80 64.50 48.65 73.49 63.76 7241 71.44 2949 5931 44.40
Qwen2.5-VL-7B [6] 41.20 6640 61.36 83.04 29.70 7190 50.80 80.99 67.81 79.53 67.80 19.04 57.35 38.19
+ ECD 4020 7420 67.40 85.32 36.20 70.80 53.50 7935 70.86 7841 70.83 35.38 66.34 50.86
. Test set 111 3 .
Tramning set s —CFariQA ReachQA ChartBench ChartX ECDBench Tl'allllllg Set CompanSOIL
Baseline 35.06  64.56 15.65 58.64 27.69 10.95 A .
ChartQA 35.16  68.92 15.00 61.41 3151 13.11 Fine tunlng
ChartBench | 32.86  61.56 18.35 75.13 37.33 10.99
ReachQA 30.68 6450 24.35 57.59 39.24 13.48 LLaVA-Next-Llama3-8B shows
ECD 51.60  68.64 25.10 62.30 46.61 31.58 ECD > others
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Project: https.//effective-chart-dataset-synthesis.github.io/
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