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Abstract

Current visual question answering (VQA) tasks mainly consider answering human-
annotated questions for natural images. However, aside from natural images,
abstract diagrams with semantic richness are still understudied in visual under-
standing and reasoning research. In this work, we introduce a new challenge of Icon
Question Answering (IconQA) with the goal of answering a question in an icon
image context. We release IconQA, a large-scale dataset that consists of 107,439
questions and three sub-tasks: multi-image-choice, multi-text-choice, and filling-in-
the-blank. The IconQA dataset is inspired by real-world diagram word problems
that highlight the importance of abstract diagram understanding and comprehensive
cognitive reasoning. Thus, IconQA requires not only perception skills like object
recognition and text understanding, but also diverse cognitive reasoning skills,
such as geometric reasoning, commonsense reasoning, and arithmetic reasoning.
To facilitate potential IconQA models to learn semantic representations for icon
images, we further release an icon dataset Icon645 which contains 645,687 colored
icons on 377 classes. We conduct extensive user studies and blind experiments and
reproduce a wide range of advanced VQA methods to benchmark the IconQA task.
Also, we develop a strong IconQA baseline Patch-TRM that applies a pyramid
cross-modal Transformer with input diagram embeddings pre-trained on the icon
dataset. IconQA and Icon645 are available at https://iconqa.github.io.

1 Introduction

We are witnessing an exciting development of visual question answering (VQA) research in recent
years. The long-standing goal of the VQA task is to exploit systems that can answer natural questions
that correspond to visual information. Several datasets have been released to evaluate the systems’
visual and textual content understanding abilities [3, 57, 14, 21, 18, 52]. One of the underlying
limitations of current VQA datasets is that they are focusing on answering visual questions for natural
images. However, aside from natural pictures, abstract diagrams with visual and semantic richness
account for a large proportion of the visual world. For instance, it is shown that emojis can express
rich human sentiments [26, 10], and diagrams like icons can map the physical worlds into symbolic
and aesthetic representations [31, 40, 24].

Some pioneering works attempt to propose datasets that are capable of answering questions for ab-
stract diagrams. However, these datasets either address domain-specific charts, plots, and illustrations
[26, 22], or are generated from limited templates [55, 48, 21]. These limitations impede their practical
applications in real-world scenarios. For example, in elementary school, abstract diagrams in math
world problems are involved with diverse objects and various reasoning skills [25].

To address these shortcomings, we introduce Icon Question Answering (IconQA), a new challenge
for abstract diagram visual reasoning and question answering. The task, stemming from math word
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Q: What is the man doing?
A: riding a motorcycle

Q: Which object is next to the one 
shaped like a cube?
C:

Q: How many sticks are there?
A: 80

Q: Which picture shows the pizza inside 
the oven?
C: (A) left one (B) right one

CLEVR

IconQA

Q: How many tomatoes are there?
A: 5

Q: How many objects are metal things?
A: 4

VQA 2.0VQA

Figure 1: Top: Examples in three popular VQA datasets: VQA [3], VQA 2.0 [14], and CLEVR [21].
Bottom: Examples of three sub-tasks in our IconQA dataset. For answering these icon questions, it
requires diagram recognition and text understanding, as well as diverse cognitive reasoning skills.

problems for children [41], exhibits a promising potential to develop education assistants. We name
the proposed task as IconQA because the images depict icons, which simplify recognition and allow
us to focus on reasoning skills for further research. We release IconQA, a large-scale dataset that
contains 107,439 QA pairs and covers three different sub-tasks: multiple-image-choice, multiple-
text-choice and filling-in-the-blank. A typical IconQA problem is provided with an icon image and a
question, and the answer is in the form of either a short piece of text or a choice from multiple visual
or textual choices. Correctly answering IconQA questions needs diverse human intelligence skills.
As the examples in Figure 1 show, IconQA poses new challenges for abstract diagram understanding
like recognizing objects and identifying attributes. Besides, it is critical to develop diverse cognitive
reasoning skills, including counting objects, comparing attributes, performing arithmetic operations,
making logical inferences, completing spatial reasoning, or leveraging external commonsense to
answer IconQA questions. More examples from the dataset are shown in Appendix A.1.

We use the IconQA dataset to benchmark various VQA approaches in the IconQA task, including
four attention-based multimodal pooling methods [2, 28, 54, 11] and four Transformer-based pre-
trained methods [33, 6, 53, 29], as illustrated in Figure 6. Also, we conduct extensive user studies to
evaluate the performance differences between the algorithms and human beings. Three blind studies
show that the IconQA dataset is robust against biased shortcuts when answering icon questions.
We further develop a strong baseline called pyramid patch cross-modal Transformer (Patch-TRM),
which effectively learns implicit visual and linguistic relationships in IconQA. Patch-TRM parses the
diagrams into patch sequences in a spatial pyramid structure and learns a joint embeddings within
a multimodal Transformer. Along with the IconQA dataset, we collect an auxiliary icon dataset,
Icon645, that features 645,687 colored icons on 377 object classes. The icon dataset is used to
pre-train the diagram embedding module in Patch-TRM to enhance abstract diagram understanding.

Our contributions can be summarized as 1) we propose a new challenge, IconQA, that requires
abstract diagram understanding of icon images and diverse visual reasoning skills; 2) we establish
two large-scale datasets: IconQA, a question answering dataset in the icon domain, and Icon645, an
icon dataset for model pre-training; 3) we benchmark the IconQA dataset extensively via experiments
on eight existing methods and develop a strong multimodal Transformer-based baseline.

2 Related Works

VQA Datasets. There have been efforts to develop datasets for the visual question answering (VQA)
task since the first large-scale benchmark was introduced in [3]. Early released datasets [14, 30, 47, 52]
contain natural images and related questions, where understanding the visual and textual contents is
essential for question answering. Some recent datasets introduce questions that involve more diverse
visual scenes or require external knowledge to answer, which leads to more complex visual and
semantic reasoning for question answering. For example, CLEVR [21] is a synthetic dataset that
serves as a diagnostic test for a range of visual reasoning abilities over combinations of three object
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shapes. However, these datasets are limited to the natural image domain and pay little attention to
abstract diagrams, which also have informative semantics and wide applications.

Diagram QA Datasets. To address the need for vision-and-language reasoning for diagrams, several
abstract diagram QA datasets have been developed. For example, abstract VQA [3, 55] considers
the task of answering questions on abstract scenes. Similarly, NLVR [48], FigureQA [23], and
DVQA [22] feature diagrams of scientific plots that are generated with several figure types and
question templates. However, questions and diagrams in these datasets are generated from limited
templates, leading to the existence of unintended linguistic shortcuts for question answering. Some
more works have proposed datasets of middle school math or science problems in more practical and
complex scenarios [46, 27, 43, 44, 37]. A central limitation of the subject QA datasets is that they
require complex domain-specific knowledge, which makes disentangling visual reasoning and domain
knowledge difficult. Herein, we address these limitations by introducing the IconQA dataset, where
only elementary commonsense is required. Through IconQA, we aim to provide a new benchmark
for abstract scene understanding and learning different visual reasoning skills in real-world scenarios.

VQA Methods. Early VQA approaches usually combine multi-modal inputs by applying attention
mechanisms over image regions or question words [28, 39, 38, 12, 54, 11]. Inspired by the semantic
nature of VQA images, a line of approaches adopt object proposals from pre-trained object detectors
and learn their semantic relationships [28, 54, 11]. As Transformers achieve excellent performance on
vision tasks, pioneering works have attempted to use pre-trained models to learn visual representations
for natural images in the VQA task [36, 33, 6, 29] and achieve significant improvements. However,
current VQA models are not capable of extracting meaningful visual representations from abstract
diagrams, as they require image embeddings or object proposals learned from natural images. Instead,
we develop a strong baseline that feeds spatial patch sequences into a Transformer encoder that is
powered by the embedding module pre-trained on our Icon645 dataset.

3 The IconQA Dataset

The IconQA dataset provides diverse questions that require abstract diagram recognition, compre-
hensive visual reasoning skills, and basic commonsense knowledge. IconQA consists of 107,439
questions split across three different sub-tasks. To the best of our knowledge, IconQA is the largest
VQA dataset that focuses on real-world problems with icon images while involving multiple human
intelligence reasoning abilities (see Table 4).

3.1 Data Collection

We aim to collect icon-based question answering pairs that involve multiple reasoning skills, such as
visual reasoning and commonsense reasoning. To construct the IconQA dataset, which stems from
real-world math word problems, we search for open-source math textbooks with rich icon images and
diverse topics. Of those, we choose IXL Math Learning which compiles popular textbooks aligned to
California Common Core Content Standards1. We ask well-trained crowd workers to collect problems
that cover content from pre-K to third grade, as these problems usually contain abstract images and
involve little to none complex domain knowledge. With the driven interest of visual reasoning over
abstract images, we filter out the questions that do not accompany icon images or only have images
in black and white. Redundant or repetitive data instances are also removed. Question choices are
randomly shuffled to ensure a balanced answer distribution. See Appendix A for full details of the
dataset collection and usage.

3.2 Data Analysis

Finally, we collect 107,439 IconQA data instances, where each data point contains a colored icon
image, a natural language question, optional image or text choices, as well as a correct answer. The
IconQA dataset consists of 107,439 questions and is divided into train, validation, and test splits with
a ratio of 6:2:2, as shown in Table 1. The dataset consists of three sub-tasks: multi-image-choice,
multi-text-choice, and filling-in-the-blank. The multi-image-choice sub-task is defined as choosing
the correct image from a list of image candidates based on a given diagram and its corresponding
question. Similarly, the multi-text-choice sub-task is defined as a multiple choice question with 2-5
1https://www.ixl.com/standards/california/math
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Table 1: Statistics for the IconQA dataset.
Tasks All Train Val Test

Multi-image-choice 57,672 34,603 11,535 11,535
Multi-text-choice 31,578 18,946 6,316 6,316
Filling-in-the-blank 18,189 10,913 3,638 3,638

All 107,439 64,462 21,489 21,489

Table 2: Skill numbers for questions in IconQA.
Task Avg. 1 skill 2 skills 3 skills

Multi-image-choice 1.51 55.78% 37.44% 6.77%
Multi-text-choice 1.73 33.21% 60.14% 6.65%
Filling-in-the-blank 1.81 28.30% 62.43% 9.25%

All 1.63 44.50% 48.34% 7.16%

(a) (b)
Figure 2:(a)Question statistics based on number of words.(b) Top 40 icons mentioned in the IconQA
question texts and their appearance percentage. These icons cover various types of real-world objects.

text choices and an abstract diagram. The�lling-in-the-blank sub-task is similar to the common VQA
task, requiring a brief text answer for each question, except in IconQA, the images are icon images
instead of natural images.

Questions.Figure 2 (a) illustrates the distribution of question lengths of each sub-task in the IconQA
dataset. For simplicity, all questions longer than 35 words are counted as having 35 words. Questions
in themulti-text-choicesub-task distribute more evenly, while formulti-img-choice, there is a long-tail
distribution due to the complexity of textual scenarios. We �nd that some icon objects are frequently
mentioned in the questions. In Figure 2 (b), the frequencies of the 40 most frequently mentioned icons
are shown. These icon entities cover different daily-life objects such as animals, plants, shapes, food,
etc. We cluster question sentences into different types based on frequent trigram pre�xes starting
the sentences. The distribution of questions is visualized in Figure 3. Importantly, the diversity in
the question distribution implies the requirement of high-level understanding of textual and visual
contents in IconQA. Figure 4 shows the word cloud of the question text in IconQA after eliminating
the stop words. The most frequent words:shape, many, andobjectindicate that answering IconQA
questions requires the model to identify a variety of geometric shapes and icon objects. Inspired by
this, learning informative representations for icon images plays an important role in visual reasoning
for the IconQA task.

Figure 3: Question types in IconQA. Figure 4: Word cloud of the question text in IconQA.

Skill Categories.Our IconQA dataset contains questions of multiple different cognitive reasoning
and arithmetic reasoning types that can be grouped into 13 categories, shown in Table 3. We annotate
each question in IconQA with its corresponding skill types based on the tags provided by the original
problem sources. Figure 5 shows the distributions of questions related to each skill. For instance,
to answer 13.8% of the questions in IconQA, the model has to be capable ofcomparingobject
attributes. Additionally, each question can be related to up to three skills out of these 13 categories,
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and on average, a question requires 1.63 skills. The detailed statistics are demonstrated in Table 2. In
general, the�lling-in-the-blank sub-task consists of questions that require the most number of skills,
averaging 1.81 skills per question. 9.25% of the�lling-in-the-blank questions require 3 skills. As the
examples from IconQA shown in Figure 1, the �rst and second questions require the skills ofscene
understanding andspatialreasoning. The third example asks how many sticks exist in the diagram,
requiring the basic ability ofcountingand basicalgebraoperations. As stated before, the IconQA
dataset requires a wide range of skills for a model to perform well on IconQA.

Skill types Description

Geometry Identify shapes, symmetry, transformations
Counting Count objects, shapes
Comparing Compare object attributes
Spatial Identify spatial positions and relations
Scene Understand abstract scenes
Pattern Identify next and different patterns
Time Identify time of clocks, events
Fraction Perform fraction operations
Estimation Estimate lengths, large numbers
Algebra Perform algebraic operations
Measurement Measure widths, lengths, heights
Commonsense Apply external knowledge
Probability Perform probability and statistics operations

Table 3: De�nition of reasoning skill types. Figure 5: Skill distribution in IconQA questions.

Comparisons to Other Datasets.We compare our IconQA dataset with two datasets on natural
images and �ve datasets on abstract diagrams in Table 4. To summarize, IconQA is different from
these datasets in various aspects. Unlike natural images (VQA [3], CLEVR [21]) or abstract diagrams
like scenes, charts, plots, and illustrations (VQA-Abstract [3], DVQA [22], NLVR [48], AI2D [26],
Geometry3K [37]), IconQA features icon images and covers the largest object set of 388 classes. As
questions in IconQA stem from real-world math problems and they may describe complex problem
scenarios, IconQA has the longest question length among all related datasets. Furthermore, IconQA
requires both commonsense and arithmetic reasoning due to its origin from real-world problems.
Lastly, IconQA contains more QA task types including answering questions with image choices.

Table 4: Statistics for the IconQA dataset and comparisons with existing datasets.

#QA #Image AvgQ MaxQ Image Type QSource #Object #Task VisualAns CommonSen Arithmetic

VQA [3] 614,163 204,721 6.1 23 Natural Annotated - 2 X
CLEVR [21] 999,968 100,000 18.4 43 Natural Generated 3 1
VQA-Abstract [3] 150,000 50,000 6.0 21 Scene Annotated 131 2
DVQA [22] 2,325,316 300,000 10.3 23 Bar chart Generated - 1 X
NLVR [48] 92,244 92,244 11.2 25 Scatter plot Generated 3 1
Geometry3K [37] 3,002 2,342 10.1 46 Diagram Real-world 4 1 X
AI2D [26] 4,563 4,903 9.8 64 Illustration Real-world - 1 X
IconQA (Ours) 107,439 96,817 8.4 73 Icon image Real-world 388 3 X X X

3.3 Impact and Ethics

Impact & Usage. IconQA is useful for not only follow-up research projects but also real-world
applications (e.g. K-6 education applications like tutoring assistants). Moreover, visual recognition in
the abstract domain is essential to general AI agents, but rarely investigated in the community, posing
new challenges in abstract and symbolic visual reasoning – a natural ability of human.

Social Ethics.Unlike VQA datasets in the natural image domain, IconQA is completely built upon
abstract icon images. Therefore, it is less likely to be used in surveillance systems that might infringe
on people's privacy. Moreover, due to the abstract nature of the dataset, IconQA does not contain any
sensitive personal information such as gender and race, nor does it contain data that might exacerbate
biases against under-represented communities. Therefore, after careful examinations of our dataset,
we think the dataset is unlikely to be used to harm people directly.

4 The Icon645 Dataset

As discussed in Section 3.2, IconQA questions are accompanied by abstract diagrams that cover a
wide range of icon objects. Using existing backbone networks to extract image representations for
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