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Abstract. Natural language Interfaces (NLIs) have the
ability to make Geographic Information Systems more ac-
cessible for interdisciplinary researchers or any inexperi-
enced users. However, the majority of research on NLIs
for GIS explored NLIs for visualization or spatial data re-
trieval. Research on NLIs for geo-analytical questions is
still lacking. Google Blockly, an open-source JavaScript
library, is frequently used for developing visual program-
ming editors for young students learning programming
languages. Students set up program functions by selecting
and assembling the programming blocks and the Blockly
system automatically translates the block stacks into dif-
ferent programming languages. Similarly, we present a
Blockly-based interface that generates a question depend-
ing on the blocks the user has assembled. It can be seen
that a Blockly-based interface not only naturally repre-
sents syntactic structures in geo-analytical questions but
also well assists users in familiarizing the blocks and gen-
erating clear and complete questions. A comprehensive us-
ability study is still necessary to better evaluate the inter-
face’s performance.

Keywords. natural language interface, geo-analytical
questions, google blockly, geographic question answering

1 Introduction

Natural Language Interfaces (NLIs) allow end-users to
communicate with complex systems and access enormous
databases or knowledge structures easily via written or
spoken human language (Schofield and Zheng, 2003; Shah
et al., 2013; Lin et al., 2018; Liang et al., 2021). In
this way, there is no need for non-expert users to un-
derstand database structures, learn query languages (e.g.,
SPARQL, SQL) or domain knowledge. NLI applications
such as Google search, Siri and Alexa, are widely used
in daily life, which facilitate people in searching informa-
tion and operating devices. In academia, NLIs to databases
(NLIDBs) has been extensively studied for the last decades

(Majhadi and Machkour, 2021; Nihalani et al., 2011), and
NLIs to knowledge graphs start become popular with the
advent of Semantic Web (Kaufmann and Bernstein, 2007).
Besides, many researchers also focus on domain-tailored
NLIs that can handle specialized terms and perform ana-
Iytics (Yates et al., 2003; Setlur et al., 2016; Yuan et al.,
2019).

Developing such transparent and intuitive interfaces is
one of the long-term goals for Geographic Information
System (GIS) (Wang et al., 2008). Previous research on
NLI for GIS has been centered either on retrieving spatial
databases (spatial DBs) or visualization. Most of visualiza-
tion NLIs support interactive dialogues such as “show me
a map of Florida” and “add major cities in Florida” (Wang
et al., 2008). For spatial databases NLIs, users can pose
questions such as “How many people live in Mississippi?”’
and “Is New York or London bigger?” (Li et al., 2019).
Yet, no NLI seems to be designed for geo-analytical ques-
tions such as “Where are the clusters of elderly people in
Amsterdam?” or “From where are the wind farms visible
in Amsterdam?”. These questions always require profes-
sional GIS analysis and input resources to generate the
right output. For example, GIS experts will need a dig-
ital surface model and input representing “wind farms”
and “Amsterdam”, as well as a tool implementing visibil-
ity analysis to determining visible area. Geographic anal-
ysis is one of the core applications of GIS, however, to the
best of our knowledge, little attention has been devoted to
geo-analytical question NLIs. Even the research on NLIs
for visualization and spatial DBs, tends to focus mainly on
semantic extraction, interpretation and data retrieval or re-
sponse control, with little discussion of the requirements
for the user interface itself. This paper will only discuss
the natural language interface for forming geo-analytical
questions. Question interpretation and resources matching
will not be included here.

Designing NLIs for geo-analytical questions faces the fol-
lowing challenges. First of all, geo-analytical questions are
more complex than spatial databases questions and visual-
ization dialogues in terms of syntactic structures and anal-
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ysis intention (Xu et al., 2020). Visualization dialogues ex-
plicitly stated actions such as “show” and “add” and sim-
ple geographic phenomena such as “city” and “Florida”.
Spatial databases questions follow homogeneous struc-
tures and query types that are highly dependent on spa-
tial databases (Xu et al., 2020). However, geo-analytical
questions are very diverse in terms of analysis types (e.g.,
distribution analysis, visibility analysis, network analy-
sis, and raster analysis), as well as explicit and potential

CLINNT3

geo-analytical concepts (e.g, “cluster”, “elderly people”,
“wind farms”, “visible surface”). Therefore, NLIs for geo-
analytical questions should support natural expressions of

various GIS analysis types and concepts.

Secondly, inexperienced users may not be able to gener-
ate a complete and clear geo-analytical question, thus im-
pairing information retrieval (Wang, 2000). For example,
“Amsterdam” in the previous example is important for de-
termining the spatial extent of “elderly people”. However,
user sometimes may forget to specify a spatial extent for
a geo-analytical question. Moreover, there might be am-
biguous expressions about size, distance, etc. in questions
(Wang, 2000). For example, “What is the number of flower
stores within the service area of warehouses in Paris?”.
Service area! can be generated by determining a travel
cost in network analysis, while the travel cost is missing
in the question. Therefore, NLIs for geo-analytical ques-
tions should help user avoid incomplete and ambiguous
expressions, and ideally guide user in formulating eligible
questions.

Thirdly, non-expert users do not know the scope of ques-
tions that can be answered by a question answering sys-
tem, because they are not familiar with spatial databases
or GIS analysis components in back-end. In this regard, it
would be convenient if NLIs for geo-analytical questions
have clarified the question types that can be supported.

To address these challenges, we propose an novel idea that
using the Google Blockly library® to developing a natu-
ral language interface for formulating geo-analytical ques-
tions. To the best of our knowledge, this paper is the first to
explore the user interface for geo-analytical questions and
discuss the possibilities and benefits of using the Google
Blockly in natural language interface. This paper is orga-
nized as followed: Google Blockly and a Blockly-based
NLI are explained with a demo and examples in Section
2, followed by the discussions of how Blockly can help
address the challenges of geo-analytical question NLIs in
Section 3. Conclusion and future work is summarized in
Section 4.

"https://pro.arcgis.com/en/pro-app/2.7/help/analysis/
networks/service-area-analysis-layer.htm
Zhttps://developers.google.com/blockly
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2 A Blockly-based natural language interface

In this section, we first introduce the Blockly library and
its common applications and then explain how to use it in
designing a natural language interface for geo-analytical
questions.

2.1 The Blockly library and its applications

Blockly is an open source library that allow users to cus-
tomize interlocking blocks of coding concepts and auto-
matically generate programming language of your choice.
It is designed to be flexible, extensible and easily to be
added to your websites or mobile applications (Pasternak
et al., 2017). Blockly has considerably contributed to the
educational use of visual programming for young students
(Seraj et al., 2019). As shown in Figure 1, a Blockly ap-
plication usually consists of three parts. Namely, a tool-
box that provide all the available blocks; a workspace that
used for combining blocks together; and a code interpreter
output the codes corresponding to the combined blocks
in the programming language you chosen. A young stu-
dents can drag programming blocks from the toolbox and
drop them to the workspace. Some predefined rules such
as type checks® and connection directions* will make sure
the blocks are connected logically. For example, the purple
block “set Count to” is from the “Variable” category, and
can be connected with the blue “number” block from the
“Math” category. Together, they represent declaring a vari-
able “Count” and set its value as “1”. You can also connect
“set Count to” with the “Hello world” block, which means
the variable “Count” now have a string value. Besides, it
also supports if-else and while-do statement, which can be
found in “Logic” and “Loops” category.

Language: JavaScript v

set (EIED 0 | ©
repeat CUITRD )
print ] Hello World! E22
i coun - T
~

Variables
Functions

toolbox workspace code interpreter

Figure 1. a Blockly-based programming editor that generates
JavaScript code by connecting blocks in the workspace®.

It can be seen that comparing with learning data struc-
tures and grammar of programming language, it is much
easier and fun for elementary students to use such visual

*https://developers.google.com/blockly/guides/
create-custom-blocks/type-checks?hl=en

“Blocks can be nested within each other, or connected from
top to bottom or left to right, depending on their shape and types.

Shttps://developers.google.com/blockly
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programming editors and create scripts with no syntactic
errors. Therefore, as long as we can generate blocks repre-
senting syntactic structures from geo-analytical questions,
it is possible for non-expert users to combine a question
with good quality via a Blockly-based interface.

2.2 Design a Blockly-based interface for
geo-analytical questions

Instead of having coding concepts in toolbox, we inves-
tigated a geo-analytical question corpus GeoAnQu (Xu
et al., 2020) and customized four types of blocks as ba-
sic components in forming a geo-analytical questions. The
blocks can be defined using the provided JSON formats
and JavaScript functions®. As shown in Figure 2, the green
blocks representing question words (e.g., “where”, “what”,
“which”) with its auxiliary words (e.g., “is”, “are”, “do
not”). The blue blocks are designed for noun phrases that
can represent geographic concepts with three syntactic
structures, such as,“wind farms”, “cluster of fire calls” and
“the shortest distance from car accidents to the nearest
hospital”. Purple blocks represent relationships and qual-
ities that restrict geographic concepts in geo-analytical
questions. We provide topological relationships such as
“intersect with” and “within 200 meters of”’, comparison
relationships such as “larger than”, as well as general qual-
ities such as “visible”, “for sale”. Yellow blocks are de-
signed for spatial extent that accepts any place names in
the text box, and an optional temporal extent that accepts
month and year. The workspace in Figure 2 shows the ex-
ample question can be generated by combining the four
types of blocks, and the natural language question is cre-
ated by via Blockly APIs and displayed in the question
generator simultaneously.

question generator

‘From where are the wind farms visible in Amsterdam

Question words

I

I Noun phrases From where
]

I

the @ CIRIEED (KB

1. Amsterdam

Relationships

Extent

toolbox

workspace

Figure 2. Generating the question “From where are the wind
farms visible in Amsterdam?” by assembling the customized
blocks.

3 Benefits of the Blockly-based natural language
interface

We can argue that the Blockly-based NLI is very helpful
in addressing the aforementioned challenges. First of all,

®https://developers.google.com/blockly/guides/
create-custom-blocks/define-blocks ?hl=en

AGILE: GlIScience Series, 3, 69, 2022 | https://doi.org/10.5194/agile-giss-3-69-2022

the Blockly-based NLI is capable of designing blocks with
different syntactic structures and geo-analytical concepts.
Blockly allows users define fixed and flexible text for each
block. For example, a question work block “From where
are” consist of fixed text “From where” and a drop-down
box listing all the available options of auxiliary verbs.
Users can choose “is” or “was” based on the context. An-
other example is shown in Figure 3, the noun phrase block
is designed for “concept + preposition + concept” struc-
ture. User can enter “cluster” or “Euclidean distance” or
other concepts in the input boxes and choose a suitable ad-
jective (e.g., “average”) and preposition (e.g., “of”’, “to”)
from the drop-down list.

I Noun phrases
I Relationships
l Extent

What (X8 the BED Lof -}

What Lu:] average ~ M Euclidean distance Ml to -

Figure 3. Users can change geo-analytical concepts in the noun
phrase block for different questions.

What

{U%] longest M ski piste ]

( o 0 Gz co

I Noun phrases
I Relationships
I Extent

shadow block

shadow block

shadow block

neighborhood
;' Amsterdam

Figure 4. The shadows blocks can assist inexperienced users in
correctly combining blocks.

Secondly, the Blockly-based NLI can assist users in creat-
ing a clear and complete question. To ensure this, Blockly
provides shadow block that can be used as hints of the
subsequent blocks. For example, the question word block
“What is” in Figure 4 is connected with two shadow blocks
by default. The first one suggests a position of a noun
phrase block and second one suggests a position for ex-
tent. Users are not allowed to replace the “noun-phrases”
shadow block by an “extent” block because the predefined
types of extent and noun phrases blocks are not matched.
We also gave a default concept or value for input boxes so
that users may get impressions of the accepted input. In ad-
dition, we made categories or blocks invisible and disable
when they are not suitable for the current block combina-
tion in the workspace. In Figure 5, “Question word” cat-
egory and “Noun phrase” category are removed because
they have been already added in the workspace and are no
longer relevant. All the support blocks in the “Extent” cat-
egory are also disable considering one of them is already
used and adding another one is pointless. If users delete the
support block from the workspace, all the support blocks
will be enabled automatically. With these reminders and
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Figure 5. Remove categories and disable blocks when they are inapplicable.

constraints, users are well informed of right blocks and
avoid wrong connections to a large extent.

Thirdly, considering all the available blocks are displayed
in the toolbox, it should be clear that what syntactic stric-
tures and question types can be interpreted by the back-
end server. This will help prevent inexperienced users
from being disappointed by getting no result from a cor-
rect question. Except for addressing the challenges of
geo-analytical question NLI, a blockly-based interface
could be used for template-based question answering sys-
tems. Although deep learning methods are widely used in
question interpretation, query translation and information
matching in question answering related research (Ishwari
et al., 2019), template-based methods are still very impor-
tant since they generate more transparent results (Hamzei
et al., 2022; Zhekova and Totkov, 2021; Athreya et al.,
2021; Punjani et al., 2018). Consider natural language
questions are highly flexible and can hardly be interpreted
by template-based models without reformulating them, a
free-form NLI such as the Google search interface is not
applicable. A Blockly-based interface can directly take ad-
vantage of the defined templates and thus allow users gen-
erate questions with interpretable structures.

4 Conclusion and future work

In this paper, we first discussed the challenges for develop-
ing a robust natural language interface for geo-analytical
questions. Then, we introduced a novel idea of develop-
ing a NLI with Google Blockly and clarified the usages
and benefits of such a interface. Blockly seems provide
a promising solution for addressing the difficulties, how-
ever, the effectiveness and usability of the interface still
need to be evaluated via scientific and systematic methods.
In future, the geo-analytical blocks and their connection
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rules will continue to be tested, modified and extended,
until they fulfill the formulation of the training questions
from the GeoAnQu corpus. Next, an independent test cor-
pus will be collected and used for the interface evaluation.
A usability study including standard questionnaires will be
designed and conducted to draw a solid conclusion for the
performance of the geo-analytical question NLI.
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