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Abstract

This paper presents a method of using syntax and shallow semantic analysis for Vietnamese
question generation (QG). Specifically, our proposed technique concentrates on investigating
both the syntactic and shallow semantic structure of each sentence. The main goal of our
method is to generate questions from a single sentence. These generated questions are known
as factoid questions which require short, fact-based answers. In general, syntax-based analysis
is one of the most popular approaches within the QG field, but it requires linguistic expert
knowledge as well as a deep understanding of syntax rules in the Vietnamese language. It is
thus considered a high-cost and inefficient solution due to the requirement of significant
human effort to achieve qualified syntax rules. To deal with this problem, we collected the
syntax rules in Vietnamese from a Viethamese language textbook. Moreover, we also used
different natural language processing (NLP) techniques to analyze Vietnamese shallow syntax
and semantics for the QG task. These techniques include: sentence segmentation, word
segmentation, part of speech, chunking, dependency parsing, and named entity recognition.
We used human evaluation to assess the credibility of our model, which means we manually
generated questions from the corpus, and then compared them with the generated questions.
The empirical evidence demonstrates that our proposed technique has significant performance,
in which the generated questions are very similar to those which are created by humans.

Keywords: Question generation; syntax-based; word segmentation; dependency parsing;
named entity recognition.
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1. Introduction

Automated Questionnaire Generation (AQG) was defined by Rus et al. [1] as the task of

automatically extracting questions from different representations including raw document,
dataset, semantic representations, etc. AQG has many applications, such as: Intelligent
Tutoring Systems (ITS), generating questions for the Stanford Question Answering Dataset
(SQUAD) [2] and helping teachers prepare exam questions. In this research, we focus on
generating questions from simple sentences, with the goal of preparing questions about travel
and Nha Trang, which is useful for building the Vietnamese Question Answering (QA) dataset.
For this task we primarily generated factoid questions, which means each question is generated
from a single sentence.

In recent years, deep learning (DL) has been considered the most powerful tool within the
artificial intelligence (Al) domain. It has numerous applications and is a promising direction
for improving the performance of different tasks in NLP, including AQG [3]. However, in
order to accomplish this task with acceptable performance, we need to have a massive volume
of QA data, and for Vietnamese there is no large-scale corpus which can be used for the AQG
task. Therefore, we cannot directly apply deep learning methods to perform question
generation for this language.

Other approaches for automatically generating factoid questions from a sentence are
subdivided into some strategies such as syntax, semantics, template, etc. The syntax strategy
procedures follow a common approach: determining the syntactic form of the sentence,
reducing the sentence's complexity (probably), recognizing main phrases, applying syntax
conversion rules, and replacing investigation words. There are several syntax-based methods
in the published research, with Kalady et al. [4], Varga et al. [5], Wolfe [6], and Ali et al. [7]
providing examples thereof.

In the semantics-based approach, most proposed methods in this direction use
transformations to convert sentences into questions. Recently, Mannem et al. [8] implemented
a system that integrates Semantic Role Labeling (SRL) with syntactic transformations. With
this a separate sentence is parsed with a semantic role identifier in the content selection phase
to determine prospective targets. These targets are then chosen based on simple criteria. If
present, all specific predicate semantic arguments (Argument 0 to Argument 5) are legitimate.
It should be emphasized that a predicate with less than two of these arguments is deemed
ineffective and ignored. In other words, it requires at least two arguments to sufficiently
formulate the questions.

For the template-based approach, the techniques in this direction are mainly based on the
concept that a question pattern could catch a group of specific context questions with a
common form. Each of the many AQG strategies has advantages. While template-based
approaches often create grammatically acceptable questions, syntax-based approaches cover
the material more thoroughly. To provide more challenging human-like questions, the
semantics-based strategies leverage some background resources such as named entity data,
WordNet, Wikipedia, and so on. These types of questions have answers that are usually one
or more words given. Some example questions for this category are: “Which continent does
Vietnam belong to?” or “Who founded Microsoft company?”

In this paper, we mainly use a syntax-based approach to deal with the Vietnamese Question
Generation (VQG) task, due to the limitations of existing Vietnamese NLP toolkits. Moreover,
there are few useful studies that are related to this research area, such as SRL for Vietnamese.
Specifically, to deal with the syntax-based approach, in the initial stage we need to have a
thorough understanding of Vietnamese syntax. We then need to find as many structures of
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sentences in Vietnamese as possible. Then, for each identified structure we find the target
element and generate a general question format for each of these. To accomplish this, we need
the support of some NLP toolkits that can carry out sentence segmentation, word segmentation,
POS tagging, dependency parsing, and named entity recognition.

The structure of the rest of the paper is presented as follows: Part 2 gives main points of
the works related to the problem of automatic question generation using syntax- and
semantics-based approaches. Next, in Part 3, we formally present our proposed method for
dealing with the VQG task. Then, the overall dataset description, experimental setups,
experimental results and some discussions are presented in Part 4. Lastly, we end the paper by
summarizing our attainment and future research in Part 5.

2. Background

2.1 Related work

DL is the main approach for problems using machine learning in recent times. DL-based
methods have shown significant improvements in the performance of analytical and physical
tasks without human intervention, including the AQG task.

In 2019, Kettip et al. [9] used Transformers trained with the SQUAD dataset [2] to deal
with the AQG task in a machine reading comprehension (MRC) approach. To assess the
efficiency of their model, the authors used the WER (Word Error Rate) to evaluate the
similarity between the questions in SQUAD and the questions generated by their proposed
model. The experimental results show that there was a significant difference between them.
However, the questions generated using this technique are both correct in the grammar and
semantic aspects. With the same approach to using deep learning, in 2021 Yuan et al. [10]
proposed applying more pre-trained linguistic models to increase the quality of text features.
These features were integrated into the sequence-to-sequence model [11] to guide the model
to generate appropriate questions. This method was tested on two standard corpora and gave
very promising results, with the BLEU score increasing by 17.2% and 6.2%, respectively,
compared to previous baseline models. To gain the structural information in paragraphs, Xu
et al. [12] proposed a sequence-to-sequence model with encoder applied to a Gated Recurrent
Units network. The input to this network is a combination of components such as word
embedding, answer tagging, and Graph Attention Networks embedding. Fei et al. [13] used
the same approach, but they noticed that information is hidden in the previously generated text
at each decoding step. To solve the problems, they designed the Iterative Graph Network-
based Decoder to model the previous generation at each decoding step. Furthermore, their
graph model catches dependency relations in the passage that raises the generation.

In the last few years, BERT [14] is a widely used deep learning architecture for many tasks
in the field of NLP. In very recent times there have been two well-known studies within this
direction, which are Chan et al. [15] and Alok Kumar et al. [16]. In the first [15], the authors
used the Recurrent BERT model trained on the SQUAD corpus where the results illustrated
that their suggested model substantially improved the performance of the AQG problem, with
more than four scores in BLEU compared to previous models. In 2021, Kumar et al. [16] also
used the BERT model to address the AQG problem, including two subproblems: AE (Answer
Extraction) and QG. Specifically, the input of the model is a paragraph, and its outputs are
some pairs of questions and answers. The generated questions are in the “Wh-" forms in
English.
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In 2021, Yuetal. [17] proposed a novel method that incorporates template-based QG model
with a sequence-to-sequence model for diversity-aware QG. They did not apply stringent
templates, instead they used adjustable patterns that can be collected effectively with less cost.
The adjustable patterns cater high-level instruction of sentence structure while also enabling
enough adjustability that the neuron-based model can fill chunks with content elements.

The literature shows that the deep learning approach is extremely effective for the question
generation task when a massive amount of data is available. Currently, there are many
guestion-answer corpora for rich resource languages including English, Chinese, French, etc.
Nevertheless, there is currently no corpus that can be used for the AGQ problem for
Vietnamese, and thus we cannot use a method based on deep learning to perform AGQ for this
language.

Another approach to this task is a syntax-based method combined with a shallow semantic-
based one. Keklik et al. [18] used semantic role labeling, dependency parsing, and named
entity recognition to deal with generating questions. Unfortunately, such corpora are not
available in the Vietnamese NLP community, and thus the use of PropBank and VerbNet as
well as their related studies are beyond the scope of this paper.

In 2021, Bistak et al. [19] combined the traditional semantic and syntactic approaches with
machine learning methods. First, the authors analyzed vocabulary, syntax, and semantic
entities from the input, then proceeded to build a set of hierarchical rules for sentences. The
set of features will be extracted from these samples, and then used for machine learning to
generate transformation rules. In our method, we also use both syntax and semantics to create
patterns. However, because of the lack of resources in Vietnamese, we have not combined the
samples with machine learning algorithms, especially deep learning techniques.

We propose a novel AQG method based on syntax and shallow semantics, which are
certainly not discrete. In addition, we mainly focus on generating factoid questions, a subject
that has been studied by many researchers in the NLP area. There are some notable studies
that apply the syntax-based approach, such as: Kalady et al. [4], Varga et al. [5], Wolfe [6] and
Ali et al. [7]. These comply with a general approach: determining the syntax structure by
parsing the sentence, reducing the sentence's complexity, recognizing basic phrases, applying
syntax transformation constraints, and replacing question words. Using this strategy as the
backbone, different authors have various approaches for each step.

e The first step is sentence simplification, which is considered a necessary pre-
processing step. Each of the works mentioned above employ one or more
simplification strategies. These include separating sentences with independent
clauses, removing appositives, prepositional phrases, discourse markers, and
relative clauses. One exception is Varga et al. [5], since the authors choose to apply
a filtering process to remove complicated statements rather than simplify them.

o Key-phrase identification is the second step in the question generation syntax-
based approach, and this means choosing phrases or single words which are
considered as the best targets for question generation. Kalady et al. [4] used the
methods of automatic summarization to recognize basic terms from a full text
before jumping to sentence-level question generation. Another approach, presented
in Ali etal. [7], is to identify a named entity in the subject, object, and prepositional
phrases. Varga et al. [5] uses this approach and extends it to include other phrases,
such as adverbials. To keep things relatively simple, the current study also applies
key-phrase identification in order to choose answers to our questions.

e The final steps in syntax-based methods involve manipulating syntax trees and
inserting interrogative words to convert declarative sentences into questions.
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Heilman et al. [20] used established interaction rules to define in advance the
varieties of questions created by SVO (Subject Verb Object) prepositional
templates with specified named entity categories at each of these indexes. In [4],
the authors used the previously mentioned method of identifying key terms at the
document level to define separate heuristics. These heuristics are then utilized to
produce questions based on whether the core phrases are present in object noun
phrases, subject noun phrases, prepositional phrases, apostrophes, or adverbials.

2.2 Parsers

In this paper, we used Underthesea, a Vietnamese NLP toolkit [21]. The API library includes
several powerful tools for handling Vietnamese text, including word segmentation, POS
tagging, named entity recognition (NER), text classification, and dependency parsing. There
are other tools available, some of which we will introduce in this section, for which the author
provides a powerful API to utilize pre-trained NLP models to a Vietnamese text.

2.2.1 Vietnamese Syntax Rules

There are some main grammar rules in Vietnamese, as follows [22]:
e The overall sentence structure of Vietnamese is similar to that of English: Subject
+ Verb (+ Object) + Adverbs.
e There is no change in the form of the words, i.e., no inflection, and instead extra
words are required to represent the increased meaning.
When referring to particular things, nouns need to use a fit measure word.
In Vietnamese, nouns come before adjectives.
The present simple is similar to English.
In the present continuous, Vietnamese uses the word “dang” (-ing in English)
before verbs.
The past and the future are expressed in the context or through time expressions.
e Adverbs are used in Vietnamese in a scenario similar to how they are used in
English.
¢ In the negative, Vietnamese uses the word “khéng” (not) in places where English
uses the words as don’t, doesn’t, isn’t, aren’t, etc.

2.2.2 Sentence Segmentation

Sentence segmentation is the process of identifying and separating sentences in a document
by identifying where the punctuation is, and in Vietnamese this includes items such as: “.”;
“I'”. *9”_To do this we need to split the document based on the punctuation, but the rules must
contain some exceptions, like email addresses, URLSs, and proper nouns.

For example, we have a Vietnamese paragraph like “An sinh ra & lang qué nghéo thudc
mién tdy nam bo Viét Nam. Nam 2015, anh dy 1én Sai Gon hoc dai hoc va sau d6 anh ta 1am
cdng viéc Lap trinh vién tai Sai Gon sau khi tot nghiép. Hién anh 4y 1a mét trong nhiing 1ap
trinh vién xuat sic cua cong ty NUS” (An was born in a poor village in the southwestern part
of Vietnam. In 2015, he went to Saigon to study at university and then he worked as a DEV in
Saigon after graduating. Now he is one of the excellent DEV of NUS software company.). The
paragraph us segmented into three separate sentences: (1) An sinh ra & lang qué nghéo thuoc
mién tdy nam bo Viét Nam. (2) Nam 2015, anh dy 1én Sai Gon hoc dai hoc va sau d6 anh ta
lam cong viéc Lap trinh vién tai Sai Gon sau khi t6t nghiép. (3) Hién anh ay la mot trong
nhitng lap trinh vién xuat sic cua cong ty NUS.
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2.2.3 Word Tokenization

Based on the previous findings on question generation in English, we considered that many
points in the syntax-based approach can be applied to the Vietnamese question generation task.
One of the main differences between English and Viethamese is the word segmentation
problem. That means we cannot just split text word by word based on the spaces, because in
Vietnamese, for example, “tam biét” means “goodbye”, but if we split “tam” and “biét” then
separately they will have different meanings, “tam” that of “temporary” and “biét” that of
“separation”. We thus need some techniques for Vietnamese word segmentation that enable
the mechanism to know which words can stand alone and which must be together, so that, for
example, “tam biét” must be considered as one word, not two.

Dictionary-based approaches can also deal with this problem. These will scan the sentence
left to right and recognize the words by looking them up in a dictionary. Additionally, the
longest matching algorithm is needed to deal with the example mentioned above. where “Tam”
and “biét” are already in the dictionary and have their meanings, but we need our model to
know the longest word can be matched, which in this case is “tam biét”.

However, these traditional word segmentation methods do not give high performance due
to the word ambiguity in Vietnamese. Recently, Wenkui Zheng et al. [23] released the most
advanced deep neural network method that combined the Long-Short Term Memory (LSTM)
and CNN models. The accuracy performance of this approach is 96.6%, the recall is 95.2%,
and the F1 is 96.3%.

2.2.4 Part of Speech

Part-of-speech (POS) tagging is a common NLP task that involves recognizing words in a
document that directly relate to a certain part of speech based on the meaning of the term and
its context. In Vietnamese, one word may have multiple meanings, such as “da” — in some
cases its meaning is “stone” (noun) while in others it means “kick” (verb).

The model with the highest accuracy to deal with this problem is BiLSTM-CRFs, from
Nguyen et al. [24], with an accuracy of 93.52%, based on a combination of bidirectional LSTM
and Conditional Random Fields (CRF). This combination is mainly based on two levels of
word information, such as (1) character-based word representations and (2) pre-trained word
representations.

2.2.5 Chunking

Chunking (a.k.a. shallow parsing) is formally defined as a process related to NLP, and is
normally used to identify POS and short phrases in a given sentence. There are several works
which are based on POS tagging. However, instead of just supporting the identification and
classification of a word’s POS (noun, verb, adjective, etc.), chunks provide clues about the
sentence’s structure, the word’s structure or the phrase within a sentence (noun phrase, verb
phrase, adjective phrase). For example, the Vietnamese sentence “ba iy dang nau n” (She is
cooking) will be chunked into “NP[ba ay] VP[dang nau an] ”.

2.2.6 Named Entity Recognition

The process of finding and classifying entities named in the document is called Named Entity
Recognition (NER). An entity can be a single/compound word that refers to the same object
type (time, location, person, organization). NER plays an important role in the NLP area
because it is a basic and indispensable task for handling multiple complex problems. For
example, the Vietnamese sentence “Tran Tam dang hoc tai Sai Gon” (Tran Tam is studying in
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Saigon) will be recognized as a named entity named “Trin Tam/PERSON dang hoc tai
Sai_Gon/LOCATION).

Many models have been proposed to deal with the Vietnamese NER task that have high F1
scores, but the highest score of 94.88% was obtained by the model in Nguyen et al. [24].

2.2.7 Dependency parsing

The technique of analyzing the grammatical structure of a phrase and detecting related terms
as well as the kind of relationship between them is known as dependency parsing. The structure
is defined by the relationship between a head word and its dependent words (children). A parse
tree provides the most commonly used syntactic structure, and it allows navigating among the
created parse trees that use head token and dependent ones. For example, the Vietnamese
sentence “Tong thong Obama da dén thiam van miéu tai Ha Noi.” (President Obama visited
the Temple of Literature in Hanoi) can be parsed as Fig. 1.

The VietTreebank of Nguyen et al. [25] s one of the useful resources used for Vietnamese
dependency parsing.

punct

nsubj nmod \
NN%"‘GG‘NNP W‘“Rﬁ 'w"m‘]v_g‘fdominnfflﬂrcﬁ\‘NHP PUNCT

Tong_théng Obama da dén tham Van_Miéu tai Ha_Noi

Fig. 1. An example of dependency parsing.

3. Proposed methods

3.1. The desighed system

The system we designed for constructing the VQG can be divided into three stages: (1) the
pre-processing stage, (2) the deconstruction stage, and (3) the construction stage.

e Pre-processing stage: We pre-process the sentence, which is the sentence
simplification and word segmentation tasks.

o Deconstruction stage: We use a variety of semantic and syntactic parsers because
these parsers describe their features of the sentence, and the more information we
get, the better understanding we obtain. We will get the syntactic structure of a
particular sentence by using dependency parsing. We then extract its POS
information by using POS tagging, and by applying chunking to the pattern the
system can then know the shallow syntactic structure, like a noun phrase, verb
phrase, etc. With the shallow semantic analysis, we use the NER technique to
identify which word refers to a person, location, time, or organization. The primary
goal of the deconstruction phase is to obtain an intermediate representation in order
to identify the sentence template, which is critical in classification of the generated
guestion. The sentence pattern is the orderly arrangement of the roles of words in
a sentence. “<Subject> + <Verb> + <Object> + <Complement>" is a good
example of the sentence pattern.

e Construction stage: The designed system matches the sentence pattern with
predefined rules. A question can be formed if a rule matches the sentence pattern.
In order to ensure the final result is in the correct written form, it must be post-
processed by adding, for example, a question mark and some interjection.

Fig. 2 illustrates the flowchart of the designed system.
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3.2. Predefined Rules (Template)

Along with the Vietnamese Syntax Rules [22], we also obtained statistics on the paragraph
field of two Vietnamese QA datasets [26][27] to find as many structures of sentences in
Vietnamese as possible. These QA datasets only contain paragraphs for comprehension, and
thus include a collection of facts or data that could be used to set some questions. Parsing these
paragraphs gave us templates that identify which sentences can be used as the basis of
questions.

This paper provides a rule-based strategy for generating questions from sentences. To be
specific, both dependency parsing and named entity recognition techniques are used. Our
contribution may be represented in terms of the following rules:

Dependency-based rules: We have some templates as follows:
S-V-Obj: is a structure whose object predicate determines the subject.
S-V-iobj: is an indirect object of a verb that receives the direct object.
S-V-obl: is used for temporal and locational nominal modifiers.
S-V-xcomp (open-clause complement): is a clause that does not have an internal
subject.
e S-V-ccomp (clause complement): is a clause that has an internal subject.
NER-based rules include S-V-location, S-V-organization, and S-V-person.
There are currently 50 dependency-based and 10 NER-based rules in our approach.

3.3. An example

Fig. 3 shows the question generation process from the Vietnamese sentence “Téng théng
Obama d3 dén tham van miéu tai Ha Noi.” (President Obama visited the Temple of Literature
in Hanoi).

In this case, the input sentence does not change after going through the pre-processing step
because our sentence does not include any abbreviations or special characters. In the next step,
the sentence is put into the deconstruction stage which contains some parsers such as POS
tagging, NER, chunking, and dependency parsing. With dependency parsing, “Tong thong
Obama” (President Obama) is the subject, “da dén tham” (visited) is the verb, and “Vin Miéu
tai Ha Noi” (the Temple of Literature in Hanoi) is the object. Therefore, we can identify that
it is in the S-V-obj form, and the system will generate questions about the object and subject.
But which question word will be used — what, where, when, or who? The NER parser is used
to deal with this problem, as it identifies which word is a person, location, organization, etc.
Therefore, if the object is a person then the question word “who™ will be chosen. In this
example, our object (“Van Miéu tai Ha N6i”) (the Temple of Literature in Hanoi) is tagged
location. We then use the results of dependency parsing and compare with our defined rules.
In this example, when the S-V-obj is matched, our questions will have two main formats:
<Wh-V-obj>, and <Wh-aux-V-obj>.

4. Experimental results

4.1. Corpus

We used a corpus of more than one hundred simple sentences and a text about traveling in Nha
Trang to experience our designed system. The document contains around 1,000 sentences and
approximately 20,000 words. This text describes the nature, climate, culture, food, and places
in Nha Trang, which is a coastal city located in the central part of Vietham. According to the
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corpus, there are 333 simple sentences and 79 complex sentences which show potential to
generate questions.

Semtmce Téng thdng Obama da dén tham van miéu tai Ha Noi.

Word Segmentation

Téng_théng Obama da dén tham van_miéu tai Ha_N&i . ——
NEI

o B-PER O O O o O B-LOC O «—

" Deconstuction Sage PO!
””” Syntactic Avalysis | {" Shallow Semantic Analysis N Np R VvV N E Np CH<—
: < ech 1 ' : Named Entity ('Téng théng', 4, 'nsubj')
| [Part.Of-Speech T: | | P '
1 art peech Tagging| ! | Recognition (‘Obama', 1, 'nmod'), Dependenc
i ('da', 4, 'advmod'),
[ I ('dén', 0, 'root'),
Chunking : — ('tham' . 4, 'xcomp'), -
('vadn miéu', 5, 'obj'),
('tai', 8, 'case'),
Dependency Parsing ('Ha Nei', 4, 'obl"),
: : (".", 4, 'punct')
¥
Deconstruction Predefined Ru
> )
Rule Mapping (Templates
| Predefined Rules ) )
: (Template) Rule Mapping Rule Determinad
Subj_PER--V--obj_LOC
Construction
i Generate Questions
Post-processing
Téng théng Obama da dén tham noi nac?
Genemiod Questions Al dén tham van miéu tai Ha Ngi?
Fig. 2. Our designed system. Fig. 3. An example of the question generation

process.

4.2. Human evaluation

Human evaluation is required to evaluate the results of the QG model because questions can
have several characteristics, such as being grammatical, making sense, or being vague. A
question is considered grammatically correct if it conforms to the rules of grammar, while
making sense and being vague are two disjoint categories — the former describes meaningful
questions that are likely to be asked by humans, the latter represents invalid questions which
would not be asked in the real world. Table 1 shows the number of questions that were
grammatically correct, made sense, or were vague for both simple and complex sentences.

Table 1. Evaluation of the results for 412 questions generated from the corpus.

Category Simple (%) | Complex (%)
Grammatical 76.95 68.78
Make sense 52.31 42.31

Vague 47.69 57.69




KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 17, NO. 10, October 2023 2727

There are three labels for each type of sentence: grammatically correct and make sense;
grammatically correct but vague; grammatically incorrect and vague. Table 2 gives an example
for each label of question generated based on templates.

Table 2. Examples of labels from 412 generated guestions.

Label Sentence Type of Question
sentence
Phan dit cii ciia x(r Kauthara thudc B?él kfdf hanﬂ? at cui cua xur
s . vuong quée Cham Pa Ia Khanh Hoa authara fhtoc vuong
rammatical, ngay nay Simple quoc Cham Pa?
make sense (Khanh Hoa today is the old land of g&;r:rési;hfhzlﬁilna;c?og
Kauthara in the Champa kingdom.) of Champa?)
Uy ban Quan quan Khanh Hoa chia
Nha Trang thanh 3 don vi hanh chinh:
quén 1, quan 2 va quan Vinh Xuong Uy ban Quén quan Khanh
Grammatical vao ngay 6 thang 4 nam 1975. _ Hoa chia khi nao?
vague " | (On April 6, 1975, Khanh Hoa military | Simple (When did Khanh Hoa
administrative committee divided Nha military administrative
Trang into 3 administrative divisions: committee divide?)
District 1, District 2 and Vinh Xuong
District.)
Tinh Khanh Hoa duoc tai lap tir tinh
Phu Khanh cii vao \nga‘ly 1 thang 7 n,ém Khi nao Nha Trang tai lap
1989, Nha Trangl_liisnh Iy tinh Khanh - tinh !<hénh Hoa?
Vague (On July 1, 1989, Khanh Hoa province Simple (When d.'d Nha Trang re-
- establish Khanh Hoa
was re-established from the old Phu N
Khanh province, Nha Trang was the province?)
capital of Khanh Hoa province.)
Ngay 27 thang 1 nam 1958, chinh
guyén Ngo Pinh Diém ban hanh Nghi
dinh 18 - BNV béi bo quy ché thi x4,
chia Nha Trang thanh 2 xa la Nha
Trang Dong va Nha Trang Tay thudc Chinh quyén Ngé Dinh
Grammatical quéan Vinh Xuong. _ Diém b_an hanh cai g_i?
make sense ' (On January 27, 1958, Ngo Dinh Complex | (What did the Ngo Dinh
Diem's government issued Decree 18 — Diem’s government
BNV: abolished the town statute, issue?)
divided Nha Trang into 2 communes
including Eastern Nha Trang and
western Nha Trang, belonging to Vinh
Xuong district.)
Tién than cua huyén Ninh Hoa ngay
nay la Huyén Tan Binh thugc pha Thai
Khang, dugc hinh thanh c6 ranh giégi Huyén Tan Binh thudc
grammatical tir déo Ru Ri dén gitra song Dinh. phu Thai Khang I gi?
vague ' (Tan Dinh dlstrlct_belon_gs to Thai Complex | (Whatis Tan_ Dinh district
Khang metropolis, which is the of Thai Khang
precursor of Ninh Hoa district, formed metropolis?)
with the boundary from Ru Ri pass to
the middle of Dinh river.)
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K& tir nam 1653, khi chia Nguyén
Phic Tan lap ra dinh Thai Khang véi 2
phu va 5 huyén, qua cac doi vua Minh

Mang, Thanh Thai, Duy Tan dén Bao Khi chtia Nguyén Phuc
Pai sau nay véi nhiéu cach phan dinh Tan lap ra dinh Thai
ranh gidi, 1ap cac don vi hanh chinh Khang vaéi 2 pha va 5
khac nhau. huyén ké gi?
Vague (Since 1653, when King Nguyen Phuc | Complex | (When King Nguyen Phuc
Tan founded Thai Khang Palace with Tan founded Thai Khang
2 metropolises and 5 districts, through Palace with 2
the reigns of Kings Minh Mang, Thanh metropolises and 5
Thai, and Duy Tan, Bao Dai with districts, say what?)

many ways of demarcating boundaries,
setting up different administrative
divisions.)

In addition to the characteristics given above, we also had to compare the questions
generated by the model with ones generated manually. We decided to use the F-score to
measure this task with the following definitions:

o correct (1)

precision = -
correct + spurious
correct

recall = - (2)
correct + missed

recistion X recall 3

F1=2 x P )

precision + recall
Here, correct refers to the number of questions generated by both the VQG model and
manually. Spurious refers to the quantity of questions that are made by the VQG model but
not manually. And missing mentions to the number of questions that are not created by the
VQG model, but are generated manually.
Table 3 shows the number of questions which are correct, spurious, or missed and the F-
scores for both two types of sentences.

Table 3. Evaluating the F-score for questions generated from simple and complex sentences.

Correct | Spurious | Missed | Precision | Recall | F-score
Simple | 359 300 57 052 | 085 | 065
sentences
Complex | 4 105 39 042 | 066 | 051
sentences

4.3. Discussion

The first thing that struck us about the experimental results was that the generated questions
were of quite good quality in terms of grammar and semantics. Selecting unknown components
of a sentence and applying them to predefined patterns can be risky if their syntax and
semantics are not compatible with the sentence content. As we mentioned, the designed system
can generate many grammatically and semantically valid questions based on a few simple
filters and modifications. However, the results would have been even more remarkable if the
proportion for ambiguity had been smaller.
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The F-score shows that the questions produced by our syntax-based system are quite
different from those generated manually, especially the complex sentences. The reason is the
vagueness of the Vietnamese templates, and thus our system only covered the two first levels
of dependency parsing. In some cases, we must dissociate the third or fourth levels of the
syntax tree to generate understandable questions. But this approach would be a challenge for
us as computer scientists without collaboration with linguists. In the example “An ché me di
cho bang xe may” (An takes his mother to the market by motorbike.), our system could
generate some questions thanks to the second level of the syntax tree, such as “An ch¢ ai di
cho bang xe may?” (Who is taken to the market by motorbike?), and “An ché me di dau?”
(Where does An take his mother?). This kind of question is better than the questions created
by the first level of the syntax tree, like “An lam gi?” (What does An do?).

Moreover, the accuracy and reasonableness of the questions are proportional to the
accuracy of dependency parsing and the NER technique. If a sentence has a wrong label from
NER and dependency parsing, then the question which is generated will be wrong. For instance,
if we take the sentence “New York la thanh phé déng dan nhat cua Hoa Ky.” (New York is
the most populous city in the United States.), and the NER used in this paper predicts New
York is a person, then the question would be incorrect: “Ai la thanh phé dong dan nhat cua
Hoa Ky?” (Who is the most populous city in the United States?).

5. Conclusions and Future Work

In this paper, we present a novel syntax-based technique for building a VQG system. Our
proposed method is based on some parsers from the NLP field, such as sentence segmentation,
word segmentation, POS tagging, chunking, dependency parsing, and NER. In our approach,
both sentence and word segmentation are used for pre-processing. Then in the deconstruction
stage we use syntactic analysis combined with shallow semantic analysis to understand the
structure as well as the sense of the sentence. After that we apply some predefined templates
to match the extracted structure. A single sentence may produce one or more questions, as we
can ask about the subject, predicate, time, location, etc.

One limitation of our model is that the questions generated are factoid questions, which
means that students only need to remember the information in a text and may not necessarily
understand it. Moreover, factoid questions are usually not very valuable in examinations or for
students to evaluate their own knowledge. We thus plan to extend our work by researching
other techniques for generating questions from multiple sentences at the paragraph level, and
to Transformers, which is the state-of-the-art model in NLP.
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