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Non-factoid Question Answering as Query-focused
Summarization with Graph-enhanced Multi-hop

Inference
Yang Deng, Wenxuan Zhang, Weiwen Xu, Ying Shen, and Wai Lam

Abstract—Non-factoid question answering (QA) is one of
the most extensive yet challenging applications and research
areas in natural language processing (NLP). Existing methods
fall short of handling the long-distance and complex semantic
relations among the question and the document sentences. In this
work, we propose a novel query-focused summarization method,
namely Graph-enhanced Multi-hop Query-focused Summarizer
(GMQS), to tackle the non-factoid QA problem. Specifically, we
leverage graph-enhanced reasoning techniques to elaborate the
multi-hop inference process in non-factoid QA. Three types of
graphs with different semantic relations, namely semantic rele-
vance, topical coherence, and coreference linking, are constructed
for explicitly capturing the question-document and sentence-
sentence interrelationships. Relational Graph Attention Network
(RGAT) is then developed to aggregate the multi-relational
information accordingly. In addition, the proposed method can
be adapted to both extractive and abstractive applications as
well as be mutually enhanced by joint learning. Experimental
results show that the proposed method consistently outperforms
both existing extractive and abstractive methods on two non-
factoid QA datasets, WikiHow and PubMedQA, and possesses
the capability of performing explainable multi-hop reasoning.

Index Terms—Non-factoid Question Answering, Query-focused
Summarization, Graph Neural Network, Multi-hop Reasoning

I. INTRODUCTION

NON-FACTOID Question Answering (QA) has received
a significant amount of attention recently due to its

board applications on a variety of real-world Community-
based Question Answering (CQA) sites, such as Quora, Stack-
OverFlow, and Amazon Q&A. Different from factoid QA [1],
which can be simply answered by a short text span or a
single sentence without detailed information, e.g., “Who is the
author of Harry Potter?”, the answers for non-factoid questions
are supposed to be more informative, involving some detailed
analysis, like opinions and explanations, to explain or justify
the final answers, such as questions in community QA [2], [3]
or explainable QA [4], [5]. Non-factoid QA contains a wider
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range of open-ended questions, including “How” or “Why”
questions, yes-no questions. For example, “How to tube feed
a puppy?” or “Are human coronaviruses uncommon in patients
with gastrointestinal illness?” cannot be answered without the
context from the document, as the example in Figure 1&6.

In practice, non-factoid QA requires the capability of merg-
ing multiple sparse and diverse information from different
sentences across the whole supporting document or evidences
together to form a concise and complete answer. Document
summarization methods have been adopted as an effective
way to summarize salient information, which can also be
adopted to provide a concise answer for the given question
in the context of non-factoid question answering [7], [8].
Essentially, the key to tackling the non-factoid QA problem
is to measure the relevance degree between the question and
candidate answer sentences [9], [10]. This leads to a variety
of researches that elaborate the semantic interactions between
the question and candidate answer sentences, from Siamese
Neural Models [11], [12] to Compare-Aggregate Models [13],
[14]. However, traditional document summarization methods,
when being applied on non-factoid QA [8], [15], fall short
of capturing the important semantic interactions between the
question and the document sentence.

To achieve this, we investigate the non-factoid QA problem
as a query-focused summarization problem, as they share a
similar goal to produce a concise but informative summary,
driven by a specific query. In the past studies, query-focused
summarization was mainly explored by traditional information
retrieval methods [2], [7], [16], which heavily rely on hand-
crafted features or tedious multi-stage pipelines. Inspired by
the promising performance of deep learning models on other
NLP tasks, several efforts have been made on developing deep
learning based models [3], [17]–[19] to summarize the source
document with the guidance of specific queries. However,
most of them focus on capturing the semantically relevant
information with the query to produce the summary, while
failing to provide informative and logical answers due to the
overlook of two crucial characteristics in non-factoid QA:

• The long-distance interrelationships among the document
sentences make it difficult to fetch all the necessary infor-
mation for constructing the final answer.

• The complex semantic relations attach great importance to
the reasoning procedure and the explainability of the answer.

As the example shown in Figure 1, given the specific
question, there are several highlighted sentences required
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Question: Are human coronaviruses uncommon in patients with gastrointestinal illness?
Document: <S>Coronaviruses infect numerous animal species causing a variety of illnesses including respiratory, neurologic and enteric 
disease. <S>Human coronaviruses (HCoV) are mainly associated with respiratory tract disease but have been implicated in enteric disease. 
<S>To investigate the frequency of coronaviruses in stool samples from children and adults with gastrointestinal illness by RT-PCR. 
<S>Clinical samples submitted for infectious diarrhea testing were collected from December 2007 through March 2008. <S>RNA extraction 
and RT-PCR was performed for stools negative for Clostridium difficile using primer sets against HCoV-229E, HCoV-OC43, HCoV-
NL63, and HCoV-HKU1. <S>Clinical data from samples positive for coronaviruses were reviewed and recorded. <S>Samples from 479 
patients were collected including 151 pediatric (< or = 18 years), and 328 adults (>18 years). <S>Of these samples, 4 patients (1.3%, 2 adult; 2 
pediatric) screened positive for the presence of a coronavirus. <S>All detected coronaviruses were identified as HCoV-HKU1. <S>No stools 
screened positive for either HCoV-229E, HCoV-NL63 or HCoV-OC43. <S>All HCoV-HKU1 positive samples occurred between mid-
January to mid-February. <S>Clinical manifestations from HCoV-HKU1 positive patients included diarrhea, emesis and respiratory 
complaints. <S>Three (75%) patients were admitted to the hospital with a median length of stay of 6 days. <S>
Answer: Coronaviruses as a group are not commonly identified in stool samples of patients presenting with gastrointestinal illness. HCoV-
HKU1 can be identified in stool samples from children and adults with gastrointestinal disease, with most individuals having respiratory 
findings as well. No stool samples screened positive for HCoV-NL63, HCoV-229E, or HCoV-OC43.

Fig. 1. An example from PubMedQA [6]. The highlighted sentences illustrate the inference process when humans answer the given question. Italic represents
direct matching sentences from the question. Underlined and

:::::::::::
wavy-underlined represent sentences inferred by 2nd-hop and 3rd-hop reasoning, respectively,

to justify the answer.

to be concentrated for conducting summarization so as to
generate the answer. Besides, one-time inference sometimes
is insufficient for collecting all the required information for
producing a complete answer. It leads to the necessity of
measuring the importance of each sentence, instead of regard-
ing the source text as an undifferentiated whole. Inspired by
recent advances in factoid QA studies [20], [21], one intuitive
approach to address the long-distance interrelationship issue is
to employ multi-hop reasoning, which enables to collect all the
important justifications or evidences that contribute to the final
answer. Recently, [22] develops a multi-hop inference module
for non-factoid QA, based on the semantic relevance degree
among the document sentences. Despite its effectiveness, the
multi-hop reasoning patterns are implicitly obtained from a
single relation, i.e., semantic relevance. There are two other
semantic relations that have been identified to be useful in
studying the interrelationship among the document sentences
in summarization: topical coherence [23], [24] and coreference
linking [25], [26]. On one hand, despite the content transition
in the multi-hop inference process, the latent topic concerning
the given question is supposed to be coherent. On the other
hand, resolving coreference across the whole document can
bridge the long-distance relationship between different sen-
tences that are discussing the same object.

Fortunately, graph structures have the natural advantages
of exploiting both structural and semantic information to rea-
son over multi-hop relational paths. Existing graph-enhanced
multi-hop reasoning techniques are basically proposed for fac-
toid QA [26]–[29], which aims to construct entity graphs for
linking the mentioned entities among sentences. Then, graph
neural networks [30], such as GCN [31], [32], GAT [33]–[35],
are employed to model the multi-hop information transition.
However, in non-factoid QA, the semantic relationships among
sentences are more complicated. Such multiple relations be-
tween textual units are expected to be fully utilized in a unified
graph for detecting salient information and performing explicit
reasoning.

In this work, we tackle the non-factoid QA problem
by proposing a novel query-focused summarization method,
namely Graph-enhanced Multi-hop Query-focused Summa-
rizer (GMQS). In specific, we investigate graph-based rea-
soning techniques to conduct the multi-hop inference for

collecting the key information from the document towards the
given question. Three types of graphs with different semantic
relations, namely Semantic Relevance, Topical Coherence,
and Coreference Linking, are constructed for explicitly cap-
turing the question-document and sentence-sentence interre-
lationships. Relational Graph Attention Network (RGAT) is
then developed to aggregate the multi-relational information
accordingly. In addition, the multi-hop relational information
can then be utilized under either extractive or abstractive
application to produce a summary as the answer to the given
non-factoid question. We empirically show that the proposed
method outperforms existing baselines on non-factoid QA with
a promising capability of multi-hop reasoning.

A preliminary study was published as a conference pa-
per [22]. We substantially enhance the method with three
main improvements: 1) We propose a new graph-enhanced
multi-hop reasoning model for non-factoid QA. 2) We develop
an adaptive relational graph attention network with a multi-
relational graph structure for modeling the complex sentence
relations. 3) We unify the extractive and abstractive query-
focused summarization into one Transformer-based architec-
ture. In addition, we conduct extensive experiments to validate
the proposed method from various aspects, such as automatic
and human evaluation for both extractive and abstractive sce-
narios, the contribution of different components, and detailed
analyses of the multi-hop reasoning process. Overall, the
proposed GMQS method substantially improves MSG [22]
with better performance, training efficiency, and explainability.

The main contributions are summarized as follows:

• We propose a novel query-focused summarization method
to tackle the non-factoid question answering problem, which
leverages graph-enhanced reasoning techniques to elaborate
the multi-hop inference for summarizing the key information
to form the answer to the given non-factoid questions.

• We identify three types of semantic relations, namely seman-
tic relevance, topical coherence, and coreference linking,
for explicitly modeling the question-document and sentence-
sentence relationships. Relational Graph Attention Network
is developed to aggregate the multi-relational information.

• The proposed method unifies the extractive and abstractive
query-focused summarization into one architecture, which
can jointly improve the summarization performance of non-
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factoid QA and be adaptively used for different applications.
• Experimental results on two non-factoid QA datasets,

namely WikiHowQA and PubMedQA, show that the pro-
posed method substantially and consistently outperforms
several strong baselines.

II. RELATED WORKS

A. Non-factoid Question Answering

Different from factoid QA that can be tackled by extracting
answer spans [1], [36], generating short sentences [37] or
returning a Boolean answer [38], non-factoid QA aims at
producing relatively informative and complete answers. Most
non-factoid QA studies focus on information retrieval (IR)
based methods, such as answer sentence selection [9] or an-
swer ranking [10], [39], by measuring the semantic relevance
degree between the question and candidate answers or answer
sentences [12]–[14], including Siamese architecture [11], [12]
and Compare-Aggregate framework [13]. In the Siamese ar-
chitecture [11], [12], the same encoder is used to learn the
vector representations for the input sentences (both questions
and answers), individually. In order to enhance the interaction
between the representational learning of the question and
answer, various attention mechanisms [40]–[42] are proposed
to attend the correlated and important information for a better
relevance measurement. Furthermore, the Compare-Aggregate
architecture [13], [14], [43] captures more interactions be-
tween two sentences, by aggregating comparison signals from
low-level elements into high-level representations.

Inspired by the successful applications of text generation
on other NLP tasks, some recent studies [3], [4], [44] adopt
generation-based methods to generate natural sentences as
the answer in non-factoid QA. In specific, several efforts
have been made on tackling long-answer generative ques-
tion answering over supporting documents, which targets on
questions that require detailed explanations [4]. This kind
of QA problem contains a large proportion of non-factoid
questions, such as “how” or “why” type questions [3], [45].
Besides, some studies aim at generating a conclusion for
the concerned question [5], [6]. [4] proposes a multi-task
Seq2Seq model with the concatenation of the question and
support documents to generate long-form answers. [46] and
[5] incorporate some background knowledge into Seq2Seq
model for generating natural answers to why questions and
conclusion-centric questions.

However, existing studies on non-factoid QA typically focus
on capturing the question-related content from the document.
In this paper, we tackle the non-factoid QA as a query-focused
summarization problem, which aims to further merge sparse
and diverse information from different sentences across the
whole document to form a concise but complete answer.

B. Query-focused Summarization

Early works on query-focused summarization mainly in-
vestigate the approach to extracting query-related sentences
to construct the summary [19], [47], [48], which are later
improved by exploiting sentence compression on the extracted

sentences [23], [49]. Recently, some data-driven neural ab-
stractive models are proposed to generate the natural form
of summaries with respect to the given query [17], [18], [50].
However, current studies on query-focused abstractive summa-
rization are restricted by the lack of large-scale datasets [18],
[51]. To overcome this challenge, researchers explore the
utilities of weak supervision [52] and domain adaptation [53]
techniques by leveraging external resources from some related
tasks, or unsupervised learning [16], [54].

In the light of both the capability and limitation of query-
focused summarization studies, some researchers spark a new
pave of query-focused summarization in non-factoid QA [2],
[7], [55], which requires the ability of reasoning or inference
in summarization, not merely relevance measurement, and
also preserves remarkable testbeds of large-scale datasets.
Similar to traditional summarization, according to the type of
summary, query-focused summarization studies in non-factoid
QA can also be categorized into extractive [2], [7], [15], [55]
and abstractive summarization [3], [22], [56]. In this paper, we
investigate the capability of multi-hop reasoning for adapting
query-focused summarization methods into non-factoid QA.

C. Multi-hop Reasoning in QA

One of the challenges for applying neural models on QA
systems is that it is required to preserve the capability of
reasoning for the aggregation of multiple evidence facts in
order to answer complex natural language questions [28], [57].
Many attempts have been made on learning to provide evi-
dence or justifications for a human-understandable explanation
of the multi-hop inference process in factoid QA [20], [21],
[58], [59], where the inferred evidences are only treated as
the middle steps for finding the answer. However, in non-
factoid QA, the intermediate output is also important to form
a complete answer, which requires a bridge between the multi-
hop inference and summarization [22].

Performing explicit multi-hop reasoning on graph structure
has been demonstrated to be an effective approach for multi-
hop factoid QA [26]–[29], [60] and some other text generation
tasks [61], [62]. The multi-hop reasoning modules in these
works mainly focus on linking entities among sentences. In
this work, we investigate the utility of graph-enhanced multi-
hop inference to capture three types of semantic relations in
non-factoid QA systems.

D. Text Summarization

The methods for text summarization are generally catego-
rized into extractive and abstractive approaches. The extractive
methods [63], [64] produce a summary by extracting salient
sentences from the source document, while the abstractive
methods [65]–[67] generate a summary from the vocabulary
based on the understanding of the document. In addition,
researchers attempt to take advantages of both extractive
and abstractive methods by using hybrid techniques, such as
joint learning [68], [69], extract-then-abstract [70], [71]. On
the other hand, many efforts have been made on exploiting
the utilities of graph structures to capture relations between
textual units for benefiting summarization [25], [72], [73].
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Pretrained language models, such as BERT [74], BART [75],
recently emerge for achieving impressive improvements in text
summarization. In this work, we make the first attempt of
jointly learning the extractive and abstractive query-focused
summarization.

III. PROBLEM DEFINITION

The input of both extractive and abstractive query-
focused summarization contains a sequence of words
{wq

1, w
q
2, ..., w

q
mq

, ...} for the query q and a sequence of words
{wd

1 , w
d
2 , ..., w

d
md

, ...} for the document d, where mq and md

are the word indexes. The sequence of words in a document
can also be represented as a sequence of sentences s =
{s1, s2, ..., sn, ...}, where n is the sentence index. The goal of
both extractive and abstractive query-focused summarization
is to produce a summary y, based on the query q and the
document d. Without the loss of generality, we refer the term
“query” as “question” and the term “summary” as “answer”
in the following description of non-factoid QA.

Non-factoid Question Answering as Extractive Query-
focused Summarization: The output of extractive query-
focused summarization is a sequence of predicted probability
{ỹs} for each sentence in the document d, where ỹsn represents
the probability of the n-th sentence been extracted into the
answer y. The goal is to learn a sentence-level sequence
labeling model fe(·) to determine which sentences should be
included to form the final answer:

fe(q, d) = {ỹs1, ỹs2, ..., ỹsn, ...}. (1)

Non-factoid Question Answering as Abstractive Query-
focused Summarization: The output of abstractive query-
focused summarization is a sequence of predicted probability
of vocabulary distribution Pt at each time-step t. The goal is

to learn an auto-regressive sequence-to-sequence model fa(·)
to generate new sentences to form the final answer:

fa(q, d, y<t) = Pt. (2)

IV. METHOD

We introduce the proposed method, namely Graph-enhanced
Multi-hop Query-focused Summarizer (GMQS), for non-
factoid question answering. Figure 2 depicts the overall ar-
chitecture of GMQS, which contains four main components:
• Intra- and Inter-sentence Encoder reads the sentences of

both the question and document by capturing semantic rela-
tionships from sentences themselves as well as interactions
between the question and document.

• Graph-enhanced Multi-hop Inference Module elaborates
a multi-relational graph structure to perform multi-hop rea-
soning over the whole document by taking into account three
types of semantic relations.

• Sentence Extractor scores each sentence in the document
according to the learned sentence representation.

• Summary Generator produces the abstractive summary as
the answer to the given question.

A. Intra- and Inter-sentence Encoder

Unlike the encoder of traditional summarization models,
which only needs to establish explicit representations for
a single sentence, query-focused summarization is further
required to capture the interaction between the question and
the document. To achieve this, the encoder is designed to be
capable of modeling intra- and inter-sentence interactions.

We adopt multi-head self-attention module from Trans-
former [76] as the basic unit for encoding the raw text into se-
mantic sentence representations. The multi-head attention unit
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is denoted as MHAtt(Q,K, V ), where Q,K, V are query, key,
and value, respectively. Each multi-head attention unit consists
of three components: (i) The Scale Dot-Product Attention to
apply attention weights upon the value vector with size of dh;
(ii) The feed-forward network with ReLU activation, which
is defined as FFN(·); (iii) The layer normalization, which is
defined as LayerNorm(·). Generally, a multi-head attention
unit can be represented as:

Vatt = softmax
(
QKT /

√
dh

)
V (3)

MHAtt(Q,K, V ) = LayerNorm(FFN(Vatt) + V ). (4)

Given the question q and the document d that consists of
a sequence of sentences s = {s1, s2, ..., sn}, we first use the
self-attention to compute the representations of the question
and each document sentence separately:

Hq = MHAtt(E(q), E(q), E(q)), (5)
Hsn = MHAtt(E(sn), E(sn), E(sn)), (6)

where E(·) is the embeddings of the input text, which is the
concatenation of word and position embeddings. Such intra-
sentence interaction attends the important information within
the question and each individual document sentence.

After obtaining the encoded representations for all the
input sequences, we perform the cross-attention to capture the
semantically relevant information between the question and
each document sentence:

H̃q =
1

N

∑N

n=1
MHAtt(Hsn , Hq, Hq), (7)

H̃sn = MHAtt(Hq, Hsn , Hsn), (8)

where H̃q and H̃sn are the attentive representations for the
word sequences of the question and each document sentence,
respectively. Then, meaning pooling operation is applied to
obtain the final encoded sentence representations:

hq = MeanPool(H̃q), hsn = MeanPool(H̃sn). (9)

B. Graph-enhanced Multi-hop Inference Module

Graph-enhanced Multi-hop Inference Module measures the
degree of importance of each sentence in the document for
producing the answer, through a multi-hop reasoning pro-
cedure, which is based on the graph structure and three
types of semantic and linguistic relations, namely Semantic
Relevance, Topical Coherence, and Co-reference Linking.

1) Multiple Semantic Relations: We first introduce the three
types of semantic and linguistic relations as the backbone of
the Graph-enhanced Multi-hop Inference Module:
(1) Semantic Relevance. There are two kinds of semantic
relevance to be considered for the multi-hop inference in non-
factoid QA. The first one is the relevance degree between
the question and each sentence in the document, which is
also the essential measurement in answer sentence selection
studies [12], [13]. The other one is the information-consistency
between the concerned sentence and those highly weighted
sentences from the previous hops [22]. Therefore, motivated
by Maximal Absolute Relevance (MAR) measurement in [22],
we elaborate the relation of semantic relevance between: (i)

the question and each sentence in the document, and (ii) the
sentence and the most similar sentence in the document.
(2) Topical Coherence. Despite the content transition in the
multi-hop inference process, the concerned latent topic is
supposed to be coherent for collecting the information to
answer the given question [23], [24]. To capture the relation
of topical coherence, we leverage LDA topic model [77] to
identify the latent topic of each sentence in the document.
The sentences estimated with the same latent topic are taken
into consideration for modeling the topical coherence.
(3) Coreference Linking. Resolving long-term coreference
is of great importance in multi-hop question answering [26],
since the question is often concerning about some certain
objects. Instead of implicitly modeling the long-term coref-
erence, we employ a state-of-the-art coreference resolution
tool, NeuralCoref, to link the coreference objects among the
question and all sentences in the document.

2) Multi-relational Graph Construction: To facilitate the
reasoning process, it requires to model and aggregate the
complex relations with multiple hops of refinement. To this
end, we construct a multi-relational graph to represent the rela-
tional information obtained from different relational inference
units. The multi-relational graph is denoted as G = (N , E ,R),
with nodes ni ∈ N , labeled edges (i.e., relations) between
node ni and nj as (ni, r, nj) ∈ E , where r ∈ R is the
relation type between two nodes. We treat the question q,
each document sentence sn as a node in G, with the total
number of nodes as 1+ |s|. We initialize each node with their
corresponding encoded sentence representations h∗ obtained
from the encoder described in Section IV-A.

To represent the multi-relational information obtained from
all the relational inference units, we employ different adja-
cency matrices for the graph G. Specifically, the relation types
between two nodes is denoted as r ∈ R = {sem, top, cor},
representing the relations of Semantic Relevance, Topical
Coherence, and Coreference Linking, respectively. Three
adjacency matrices can thus be constructed for G:

Asem
i,j =


1, if ni = q, nj ∈ s,

1, if ni ∈ s, nj = argmax
nj∈s\ni

Sim(ni, nj),

0, otherwise,

(10)

Atop
i,j =

{
1, if ni, nj ∈ N ,LDA(ni) = LDA(nj),

0, otherwise,
(11)

Acor
i,j =

{
1, if ni, nj ∈ N ,CorefN (ni, nj) ̸= ∅,
0, otherwise,

(12)

where Sim(·) denotes the semantic similarity function, which
is based on tf-idf cosine similarity between sentences to
capture lexical similarity. LDA(·) denotes the predicted latent
topic by the LDA topic model. CorefN (·) represents the
shared coreference clusters between two sentences, which is
resolved from all the sentences in N .

3) Multi-hop Information Aggregation: In order to capture
the information from multiple semantic relations with a multi-
hop inference process, we investigate the utilities of two kinds
of graph neural networks, namely Relational Graph Convo-
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lutional Network (R-GCN) and Relational Graph Attention
Network (R-GAT).

Relational Graph Convolutional Network. R-GCN [78]
has the capability of aggregating multiple relations between
entities in a knowledge graph for the link prediction task,
which can also be extended to model the multiple semantic
relations for the multi-hop information aggregation in non-
factoid QA. For a node ni in G, the multi-relational informa-
tion is aggregated from its neighboring nodes:

h
(l+1)
i = σ

(∑
r∈R

∑
j∈N r

i

Âr
i,jW

(l)
r h

(l)
j

)
, (13)

where h
(l)
i is the hidden state of the node ni at the l-th

layer of the network, N r
i denotes the neighboring indices

of the node ni under the relation r (including node ni

itself), W (l)
r ∈ R|N |×dh are trainable parameters representing

the transformation from neighboring nodes and from the
node ni itself. σ(·) denotes the activation function, such as
ReLU(x) = max(0, x). Âr

i,j is a normalization constant, such
as Âr

i,j = 1/|N r
i | in [78]. To avoid the scale changing of the

feature representation, we apply a symmetric normalization
transformation:

Âr = D−1/2
r ArD−1/2

r , r ∈ {sem, top, cor}, (14)

where Ar is the adjacency matrix described in Section IV-B2
under the relation r ∈ R, Dr is the corresponding degree
matrix of Ar as Drii =

∑
j A

r
i,j .

Relational Graph Attention Network. Despite the success
of considering multi-relational information in the graph, R-
GCN also inherits some limitations from the original GCN.
As opposed to GCN, Graph Attention Network (GAT) [33] is
proposed to assign different importance to neighbors of the
node, instead of using the fixed or pre-defined edge weights.
Motivated by the advantages of GAT and R-GCN, we further
extend R-GCN to be Relational Graph Attention Network (R-
GAT) for enhancing the multi-hop inference process.

Following the graph attention mechanism proposed in [33],
the attention weight αi,j indicates the importance of node j’s
features to node i. For each relation r ∈ R, we compute the
relation-specific attention weights αr

i,j as:

αr
i,j =

exp
(
LeakyReLU(Âr

i,jω
⊤
r [Wrhi||Wrhj ])

)
∑

k∈N r
i

exp
(
LeakyReLU(Âr

i,kω
⊤
r [Wrhi||Wrhk])

) ,
(15)

where ωr ∈ R2d′
h and Wr ∈ Rd′

h×dh are parameters to be
learnt for relation r. || denotes the concatenation operation.
The LeakyReLU activation function is applied for nonlinearity.

The graph attention mechanism can be extended to employ
multi-head attention, similar to [76]. Specifically, K inde-
pendent attention weights can be calculated based on Equa-
tion (15), resulting in the following output node representation
for the next layer:

h
(l+1)
i = σ

∑
r∈R

1

K

K∑
k=1

∑
j∈N r

i

α
r,k,(l)
i,j Âr

i,jW
(l)
r,kh

(l)
j

 , (16)

where α
r,k,(l)
i,j are normalized attention coefficients computed

by the k-th head of attention for relation r, and Wr,k ∈
Rd′

h×dh is the corresponding linear transformation matrix to be
learnt. In particular, we denote the output node representations
in the last layer of the graph neural network as oq and osn for
the question and each document sentence, respectively:

oq = h(LG)
q , osn = h(LG)

sn , (17)

where LG is the number of graph layers. And the number of
graph layers can be regarded as the number of reasoning hops,
since each graph layer only consider the relation between two
adjacent sentences in the graph, while multiple graph layers
can collectively measure the interrelations among multi-hop
connected sentences in the graph.

C. Sentence Extractor

After obtaining the sentence vectors from Graph-enhanced
Multi-hop Inference Module, we build a summarization-
specific classifier to extract summaries based on the multi-hop
inference results. The classifier contains a linear transforma-
tion and the sigmoid function:

ỹs = σ(W⊤
e os + be), (18)

where σ(·) denotes the sigmoid function, We ∈ Rd′
h×2 and

be ∈ R2 are parameters to be learnt. The extractive query-
based summarization is based on the ranked ỹs to extract
sentences.

D. Summary Generator

We obtain the token-level representations H̃q and H̃sn

from the encoding phase, and the sentence-level document
representation oq and osn via the graph-enhanced multi-
hop inference module for the question and each document
sentence, respectively.

Similar to the encoder, we adopt Transformer decoder layer
for decoding. The difference is that the decoder takes into
account two sources of information, including the question
and the document. For each decoder layer:

Xa = MHAtt(E(a), E(a), E(a)), (19)

Xc = MHAtt([H̃q||H̃d], Xa, Xa), (20)
Sdec = FFN(Xc), (21)

where E(a) denotes the masked answer embedding, and Sdec
is the hidden states produced by the Transformer decoder
layer. We concatenate all the token-level document sentence
representations to be the token-level document representations
as H̃d = ||nH̃sn .

Let st denote the hidden state of the decoder at the t-th step.
The attention for each word in the question and the document,
αq
t and αd

t , are generated by:

e
qj
t = ωq

t
T tanh(WqH̃qj +Wqsst + bq), (22)
αq
t = softmax(eqt ), (23)

edi
t = ωd

t

T
tanh(WdH̃di +Wdsst + bd), (24)

αd
t = softmax(edt ), (25)
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where Wq ∈ Rd′
h×dh , Wqs ∈ Rd′

h×dh , Wd ∈ Rd′
h×dh , Wds ∈

Rd′
h×dh , ωq

t ∈ Rd′
h , ωd

t ∈ Rd′
h , bq ∈ Rd′

h , bd ∈ Rd′
h are

parameters to be learned.
Then, we incorporate the multi-hop inference results Os =

{os1 , ..., osn} to compute the dynamic multi-hop reasoning
gate βt for each sentence in the document:

βt = σ(ωs
t
T tanh(WsOs +Wssst + bs)), (26)

where Ws ∈ Rd′
h×dh , Wss ∈ Rd′

h×dh , ωs
t ∈ Rd′

h , bs ∈ Rd′
h

are parameters to be learned. We re-weight the word-level
document attention scores αd with a soft multi-hop reasoning
gate β to attend important justification sentences along with
the decoding process:

α̂di
t =

αdi
t βt,di∈sk∑

i α
di
t βt,di∈sk

. (27)

Thus, the re-weighted word-level document attention α̂d nat-
urally blends with the results from the multi-hop inference
module to enhance the influence of those important justifica-
tion sentences.

Finally, we extend the basic pointer-generator network [65]
to be a multi-pointer architecture to generate answers with
the dynamic multi-hop reasoning flow as well as handle the
out-of-vocabulary (OOV) issue. Such approach enables GMQS
to copy words from the question as well as be aware of
the differential importance degree of different sentences in
the document. The attention weights αq

t and α̂d
t are used

to compute context vectors cqt and cdt as the probability
distribution over the source words:

cqt = H̃T
q α

q
t , cdt = H̃T

d α̂
d
t . (28)

The context vector aggregates the information from the
source text for the current step. We concatenate the context
vector with the decoder state st and pass through a linear
layer to generate the answer representation hs

t :

hs
t = W1[st||cqt ||cdt ] + b1, (29)

where W1 ∈ Rd′
h×3dh and b1 ∈ Rd′

h are parameters to be
learned.

Then, the probability distribution P v over the fixed vo-
cabulary is obtained by passing the answer representation hs

t

through a softmax layer:

P v(yt) = softmax(W2h
s
t + b2), (30)

where W2 ∈ R|V |×dh and b2 ∈ R|V | are parameters to be
learned, and |V | denotes the vocabulary size.

The final probability distribution of yt is obtained from three
views of word distributions:

P q(yt) =
∑

i:wi=w
αqi
t , P d(yt) =

∑
i:wi=w

α̂di
t , (31)

P all(yt) = [P v(yt), P
q(yt), P

d(yt)], (32)

ρ = softmax(Wρ[st||cqt ||cdt ] + bρ), (33)

Pt(yt) = ρ · P all(yt), (34)

where Wρ ∈ R3×dh and bρ ∈ R3 are parameters to be learned,
ρ is the multi-pointer scalar to determine the weight of each
view of the probability distribution.

TABLE I
STATISTICS OF DATASET.

Dataset WikiHow PubMedQA(train/dev/test)

#Samples 168K / 6K / 6K 169K / 21K / 21K
Avg QLen 7.00 / 7.02 / 7.01 16.3 / 16.4 / 16.3
Avg DLen 582 / 580 / 584 238 / 238 / 239
Avg ALen 62.2 / 62.2 / 62.2 41.0 / 41.0 / 40.9

Avg #Sents/Doc 20.7 / 20.7 / 20.6 9.32 / 9.31 / 9.33

E. Training Procedure

After obtaining ỹs from the sentence extractor, we use the
cross entropy as the objective function for extractive query-
focused summarization:

Lext = − 1

N

∑N

n=1
(ysn log ỹ

s
n + (1− ysn) log (1− ỹsn)) ,

(35)
where ysn is the ground-truth label of the n-th sentence been
extracted into the answer y.

With Pt(yt) from the summary generator, we train the
abstractive query-focused summarization to minimize the neg-
ative log-likelihood:

Labs = − 1

T

∑T

t=1
logPt(yt), (36)

where y is the ground-truth answer.
In order to mutually enhance both extractive and abstractive

summarization, the proposed model can be jointly trained by:

L = Labs + λLext, (37)

where λ ≥ 0 is a hyper-parameter for balancing the ratio
between two losses.

V. EXPERIMENTAL SETUP

A. Dataset & Evaluation Metrics

We evaluate the proposed method on two non-factoid QA
datasets with abstractive answers, namely WikiHow [79] and
PubMedQA [6]. WikiHow is an abstractive summarization
dataset collected from a community-based QA website, Wiki-
How1, in which each sample consists of a non-factoid question,
a long article, and the abstractive summary as the answer to
the given question. An actual sample is presented in Fig. 6.
PubMedQA is a conclusion-based biomedical QA dataset
collected from PubMed2 abstracts, in which each instance
is composed of a question, a context, and an abstractive
answer which is the summarized conclusion of the context
corresponding to the question. An actual sample is presented in
Fig. 1. The statistics of the WikiHow and PubMedQA datasets
are shown in Table I. We adopt ROUGE F1 (R1, R2, RL) for
automatically evaluating the summarized answers.

1https://www.wikihow.com
2https://www.ncbi.nlm.nih.gov/pubmed/
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B. Compared Methods

There are four results of our method, GMQS, as follows:

• GMQS-ext and GMQS-abs only use the single-task learn-
ing loss, i.e., Eq. (35) or Eq. (36), to train an extractive or
abstractive summarizer, respectively.

• GMQS-ext-joint and GMQS-abs-joint use the joint learn-
ing loss, i.e., Eq. (37), to train the overall framework, but
adopt the output from the sentence extractor or the summary
generator, respectively.

To make comprehensive comparisons, we compare our
method to three different groups of state-of-the-art methods,
including non-factoid question answering, traditional summa-
rization, and query-focused summarization methods.

As for non-factoid QA methods, we adopt both retrieval-
and generation-based methods for comparisons, where the
retrieval-based methods perform a sentence-level classification
task to determine whether the sentence should be selected:

• Compare-Aggregate Model (CA) [13] aggregates the com-
parison results in small units of two sentences;

• COALA [14] selects answers via the comparison of all
question-answer aspects;

• BERT [80] adopts the pairwise fine-tuning to perform
answer sentence selection;

• HGN [27] adopts a hierarchical graph to model different
levels of granularity for multi-task learning in factoid QA.
In our case, we apply it as an answer selection model;

• MHPGM [26] uses multiple hops of bidirectional attention
and a pointer-generator decoder to read and reason within
a long passage for generating the answer;

• S2S-MT [4] uses a multi-task Seq2Seq model with the
concatenation of question and support document;

• QPGN [3] is a question-driven pointer-generator network
with co-attention between the question and document.

As for traditional summarization methods, we also adopt
both extractive and abstractive methods as well as hybrid meth-
ods for comparisons, where the question and the document are
concatenated as the input for these methods:

• NeuralSum [63] performs extractive summarization as a
sequence labeling task;

• NeuSum [64] jointly learns to score and select sentences
for extractive summarization;

• PGN [65] copies words from the article via pointing, and
produces novel words by the generator;

• CopyTransformer [66] incorporates the copy mechanism
into the Transformer [76] for abstractive summarization;

• UnifiedSum [68] is a unified model combining sentence-
level and word-level attentions to take advantage of both
extractive and abstractive summarization approaches;

• MGSum [69] uses a multi-granularity interaction network
to encode input documents and unifies extractive and ab-
stractive summarization into one architecture.

• BERTSum [74] is a BERT-based general framework en-
compassing both extractive and abstractive summarization,
namely BERTSumExt and BERTSumAbs.

Similarly, we compare the proposed method to both extrac-
tive and abstractive query-focused summarization methods:

• MMR [47] applies classical Maximal Marginal Relevance
algorithm for query-based summarization;

• AttSum [19] applies the attention mechanism to simulate
the human-like reading when a query is given;

• HSCM [55] integrates the hierarchical interaction informa-
tion between the question and document into a sequential
extractive summarization model;

• QS [17] utilizes the query information into the pointer-
generation network;

• SD2 [18] combines a query-based attention model and a
diversity-based attention model;

• MSG [22] incorporates multi-hop reasoning into question-
driven summarization.

C. Implementation Details

Following the general settings [76], we apply a six-layer
encoder and a two-layer decoder for all Transformer based
models. The input embedding size and the hidden size are
set to be 512. The word embeddings are randomly initialized.
The size of the Transformer FFN inner representation size is
set to be 2048, and ReLU is used as the activation function.
The learning rate and the dropout rate are set to be 0.0001
and 0.1, respectively. During training, the batch size is set
to be 32, while at the inference phase, we use beam search
with a beam size of 10. For each model, we all train for 20
epochs. We adopt the NLTK package [81] for sentence and
word tokenization. The maximum length of each sentence
and the maximum number of sentences in each document
are set to be 32 and 16, respectively. As for the extractive
summarization setting, we follow previous studies [63], [64] to
select top-3 scored sentences to construct the summary. As for
the abstractive summarization setting, we also follow previous
studies [22] to restrict the length of the generated summary
within the range of 30 and 100. λ is set to 0.5, which is tuned
on the validation set. For the graph construction, GenSim3

is adopted to implement the Tf-idf and LDA models, while
NeuralCoref 4 is adopted as the coreference resolution tool.

VI. RESULTS & ANALYSIS

A. Overall Performance on Extractive Methods

Table II presents the experimental results of extractive
methods on WikiHow and PubMedQA datasets. Among the
baseline methods, extractive summarization methods perform
better than answer sentence selection methods on WikiHow.
Even the heuristic unsupervised method, LEAD3, achieves a
better performance than these sophisticated answer sentence
selection methods on WikiHow. However, all kinds of base-
lines have a similar performance on PubMedQA. As known
from the dataset statistics in Table I, the average question
length in WikiHow is relatively short, where the inadequate
information in the question restricts the interactive context
modeling between question and answer sentences. Overall,
the proposed method, GMQS, substantially and consistently

3https://radimrehurek.com/gensim/
4https://github.com/huggingface/neuralcoref
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TABLE II
EXPERIMENTAL RESULTS ON EXTRACTIVE METHODS.

Model WikiHow PubMedQA

R1 R2 RL R1 R2 RL

LEAD3 26.0 7.2 24.3 30.9 9.8 21.2

CA [13] 24.5 6.0 22.6 31.2 9.6 24.5
COALA [14] 26.1 6.2 23.7 31.6 9.8 25.6
BERT [80] 27.1 6.6 24.1 32.0 10.2 25.9
HGN [27] 26.3 6.3 23.9 31.5 9.8 25.5

NeuralSum [63] 26.7 6.4 24.0 30.9 9.7 22.4
NeuSum [64] 26.5 6.2 23.8 31.0 9.7 22.5
MGSum-ext [69] 27.4 7.1 24.4 32.0 10.5 26.1
BERTSumExt [74] 27.7 7.4 25.0 32.2 10.4 26.3

MMR [47] 26.8 6.1 23.6 30.1 9.0 24.4
AttSum [19] 26.4 6.3 24.0 31.2 9.8 25.3
HSCM [55] 27.2 7.0 24.7 32.3 10.1 26.0

GMQS-ext 28.6 7.9 26.1 33.2 11.8 27.6
GMQS-ext-joint 29.0 8.1 26.4 33.5 11.9 27.7

outperforms all the extractive methods, including answer sen-
tence selection, traditional and query-focused summarization
methods, by a noticeable margin on the two datasets. Even
training from scratch, GMQS can achieve competitive perfor-
mance with BERT-based methods, including BERT for answer
sentence selection and extractive summarization. This result
demonstrates the superiority of the proposed graph-enhanced
multi-hop inference method on identifying the important sen-
tences with salient as well as question-related information
for extractive non-factoid QA. In addition, the joint learning
with abstractive summarization further improves the extraction
performance of GMQS.

B. Overall Performance on Abstractive Methods

Experimental results of abstractive methods are summarized
in Table III. There are several notable observations as follows:

(1) Compared with extractive methods, all kinds of ab-
stractive methods perform with more promising results, which
indicates that answers for non-factoid questions include sparse
and diverse information from different sentences across the
whole supporting document or evidences. It is not enough to
simply extract or select original sentences from the document.

(2) MSG and the proposed GMQS, which both consider
the interrelationships among different document sentences by
multi-hop reasoning, outperform other baseline methods with
a substantial margin. This result shows that the multi-hop
inference attaches great importance in non-factoid QA. GMQS
further improves the performance over MSG by capturing
more comprehensive semantic relationships during the multi-
hop inference process.

(3) As for the performance boosting by the joint learning,
the extractive learning makes more contribution to the abstrac-
tive learning than the reverse, since the learned importance
degree of each sentence casts a direct impact on the generated
sentences, according to Equation (27).

In both extractive and abstrative scenario, the proposed
GMQS method substantially and consistently outperforms
those strong baselines, which demonstrates not only the effec-

TABLE III
EXPERIMENTAL RESULTS ON ABSTRACTIVE METHODS.

Model WikiHow PubMedQA

R1 R2 RL R1 R2 RL

LEAD3 26.0 7.2 24.3 30.9 9.8 21.2

MHPGM [26] 28.0 9.4 27.1 34.0 12.5 28.4
S2S-MT [4] 28.6 9.6 27.5 33.2 12.2 27.8
QPGN [3] 28.8 9.7 27.7 34.2 12.8 28.7

PGN [65] 28.5 9.2 26.5 32.9 11.5 28.1
CopyTransformer [66] 30.2 10.0 28.8 35.0 11.3 27.8
Unified [68] 30.0 9.9 28.7 35.7 12.1 29.0
MGSum-abs [69] 30.4 10.4 29.4 37.0 13.9 30.0
BERTSumAbs [74] 30.4 10.2 29.1 37.5 15.0 30.3

QS [17] 28.8 9.9 27.6 32.6 11.1 26.7
SD2 [18] 27.7 7.9 25.8 32.3 10.5 26.0
MSG (3-Hop) [22] 30.5 10.5 29.3 37.2 14.8 30.2

GMQS-abs 31.5 11.2 30.7 38.1 15.3 31.0
GMQS-abs-joint 32.2 11.6 31.2 38.8 15.7 31.6

TABLE IV
HUMAN EVALUATION RESULTS. THE FLEISS’ KAPPA OF THE

ANNOTATIONS IS 0.42, WHICH INDICATES “MODERATE AGREEMENT”.

Model Info. Conc. Read. Corr.

COALA 3.05 2.15 3.85 3.01
MGSum-ext 3.19 2.21 4.01 3.14
HSCM 3.33 2.09 3.87 3.32
GMQS-ext-joint 3.41 2.14 3.95 3.56

QPGN 3.53 3.45 3.61 3.30
MGSum-abs 3.98 4.10 4.12 3.48
MSG 4.07 3.75 3.80 3.72
GMQS-abs-joint 4.21 4.02 4.14 3.89

tiveness of the graph-enhanced multi-hop inference on non-
factoid QA, but also its promising applicability.

C. Human Evaluation

We conduct human evaluation to evaluate the generated
answer from four aspects: (1) Informativity: how rich is
the generated answer in information? (2) Conciseness: how
concise the generated answer is? (3) Readability: how fluent
and coherent the generated answer is? (4) Correctness: how
well does the generated answer respond to the given question?
We randomly sample 50 questions from two datasets and
compare their answers produced by three extractive (COALA,
MGSum-ext, HSCM) and three abstractive summarization
methods (QPGN, MGSum-abs, and MSG). Three annota-
tors are asked to score each generated answer with 1 to 5
(higher the better). Results are presented in Table IV. These
annotators are all well-educated research assistants with a
background of NLP and are all native speakers. The ground-
truth answers are provided for evaluating the Correctness of
the genereted answers. As for both extractive and abstractive
methods, GMQS substantially outperforms existing methods
on producing informative and correct answers, and preserving
high-level conciseness and readability as well.

D. Ablation Study

1) Comparisons on Multi-hop Inference Module: In order
to validate the superiority of the proposed graph-enhanced
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(a) WikiHow (b) PubMedQA (c) Impact of # Pronouns
Fig. 3. Impact of different semantic relations.

TABLE V
COMPARISONS ON MULTI-HOP INFERENCE MODULES.

Model WikiHow PubMedQA

R1 R2 RL R1 R2 RL

GMQS-ext-joint 29.0 8.1 26.4 33.5 11.9 27.7
- w/ RGCN 28.4 7.7 25.9 33.3 11.7 27.5
- w/ MHPGM 28.0 7.5 25.0 32.3 11.0 26.6
- w/ MSG 28.1 7.4 25.0 32.4 11.3 26.9
- w/ HGN 27.9 7.4 24.9 32.2 11.0 26.5
- w/o Multi-hop 27.7 7.3 24.7 32.0 10.8 26.3

GMQS-abs-joint 32.2 11.6 31.2 38.8 15.7 31.6
- w/ RGCN 31.6 11.1 30.7 38.6 15.4 31.4
- w/ MHPGM 31.3 10.8 30.3 37.5 14.4 30.4
- w/ MSG 31.5 10.8 30.3 38.2 14.8 30.8
- w/ HGN 31.0 10.6 29.9 37.6 14.4 30.5
- w/o Multi-hop 30.9 10.6 29.8 37.2 14.1 30.3

multi-hop inference module, we conduct comparisons with
other alternative multi-hop inference components as follows:

• We first substitute RGAT with RGCN [78] for the aggrega-
tion of multi-relational information, i.e., w/ RGCN.

• Another way is to use the self-attention layer [76] to con-
struct a fully-connected sentence graph for node represen-
tation learning, which is similar to the multi-hop reasoning
module in MHPGM [26], i.e., w/ MHPGM.

• We alsp adopt the multi-hop inference module proposed in
MSG [22], which elaborates the semantic relevance between
the question and each document sentence as well as among
all the document sentences, i.e., w/ MSG.

• The last one is to adapt the Hierarchical Graph Network
(HGN) from [27] into non-factoid QA, which aggregates
different granularity of information for multi-hop inference,
i.e., w/ HGN.

• We also consider the situation when the multi-hop inference
module is discarded, i.e., w/o Multi-hop.

The comparison results are presented in Table V. For all
kinds of multi-hop inference modules, they contribute to better
performance on both extractive and abstractive results more
or less, showing the necessity of the multi-hop reasoning
on non-factoid QA. The constructed multi-relational graph
further enables the multi-hop inference module to capture
diverse and complex interrelationships among sentences, lead-
ing to a higher performance of using RGCN and RGAT for
graph representational learning. Overall, the proposed RGAT
achieves the best performance among these alternative multi-
hop inference modules.

2) Impact of Different Semantic Relations: To elaborate
the multi-hop inference upon different reasoning paths, we

model the multiple semantic relations between the question
and the document sentences as well as among the document
sentence. Thus, we examine the effect of each semantic
relation during the multi-hop inference procedure in terms of
discarding each one of these relational graphs. We present
the ablation studies on both the extractive and abstractive
results in Figure 3, where “w/o semantic”, “w/o topical” and
“w/o coreference” denote the GMQS-joint models without
the semantic relevance, topical coherence, and coreference
linking relation when constructing the multi-relational graph,
respectively. Besides, “all relation” refers to the performance
of the model with all three relations. We can see that all of
the semantic relations contribute to the final performance and
discarding any of them leads to a decrease of performance.
This result illustrates the importance of explicitly modeling
the complex relations among the question and the document
sentences for non-factoid QA. The topical coherence and
coreference linking relations attach more importance to the
final performance, while the semantic relevance relation affects
the performance the least as the intra-/inter-sentence encoder
may capture such information to a certain extent. In addition,
we observe that the coreference linking relation is more effec-
tive in the WikiHow dataset. Since there are more pronouns
in the WikiHow dataset, the multi-hop reasoning relies more
on coreference resolution to link the relation among different
sentences in the document. However, as for the PubMedQA
dataset with professional medical documents, the mentioned
entities are clearly stated without using pronouns in the source
document, so that the coreference relation might be less
effective. To better verify this observation, we statistically
present the performance in terms of the number of pronouns
in the source document in Fig. VI-C. It can be observed that
the it is harder to achieve a high performance in cases with a
larger number of pronouns, while the coreference relation is
more effectively in these cases.

E. Analysis of Multi-hop Reasoning

1) Impact of the Number of Hops: In the proposed graph-
enhanced multi-hop inference module, the number of RGAT
layers corresponds to the number of reasoning hops. To
investigate the impact of the number of hops on the model
performance, the experimental results on varying the num-
ber of RGAT layers are shown in Figure 4. We can see
that, as expected, the performance of the model begins with
growth when increasing the number of hops for reasoning.
In particular, even using one hop of inference can make a
noticeable contribution to both the extractive and abstractive
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(a) WikiHow (b) PubMedQA
Fig. 4. Impact of different number of hops.

(a) WikiHow (b) PubMedQA
Fig. 5. Training efficiency analysis.

performance, which indicates the importance of considering
the complex interrelationships among the document sentences.
However, the performance merely changes on WikiHow and
even slightly decreases on PubMedQA, when we further
increase the number of RGAT layers. The possible reason is
that the number of parameters also increases when we adapt
more reasoning hops, leading to the over-fitting issue. This
is a common phenomenon in GNN applications, which has
also been observed from other NLP tasks that require the
capability of multi-hop reasoning, such as knowledge graph
completion [34], multi-choice QA [?], etc.

2) Training Efficiency Analysis: To better understand the
training process of the graph-enhanced multi-hop inference
module, we illustrate the testing performance curves of GMQS
with different multi-hop inference modules as well as without
the multi-hop inference module. Figure 5 shows the learning
curves of the ROUGE-1 F1 score during the training process
on both WikiHow and PubMedQA datasets, respectively.

As for the PubMedQA dataset, the proposed GMQS and
the RGCN-variant quickly converge to the optimal value after
about 12 epochs, and the RGCN-variant is even slightly faster
than the proposed GMQS. However, the other multi-hop vari-
ants, e.g., MSG, need to take almost 20 epochs to converge to
the optimal value, and the non-multi-hop model is the slowest
one. This is because the multi-relational graph structure can
be served as some prior knowledge for assisting in the multi-
hop reasoning, which accelerates the learning process. Besides,
there are more parameters to be trained for the RGAT than
the RGCN, which may cause a slight speed reduction, but
it also provides better performance. In addition, this result
also shows that the multi-hop inference module enables the
model to capture the important and salient information in the
document more quickly. As for the WikiHow dataset, we can
also make a similar conclusion.

3) Case Study: We present a case study in Figure 6
with generated answers from the proposed method and some
baseline methods, including MSG, MGSum, and QPGN, to

intuitively compare these methods. As for marks for the ques-
tion and document, Italic, underlined, and

:::::::::::::
wavy-underlined

sentences represent those highly weighted sentences in 1st-
hop, 2nd-hop, and 3rd-hop inference by GMQS, respectively.
While the highlighted sentences represent those sentences
that are supposed to be involved in the final answer. As for
the reference answer and the answers produced by different
methods, Italic, underlined, and

::::::::::::::
wavy-underlined sentences

represent those sentences that are related to the sentences
in 1st-hop, 2nd-hop, and

::::::
3rd-hop from the document, re-

spectively. While the highlighted sentences represent those
sentences that precisely answer the given question, i.e., similar
to the reference answer. In other words, those regular sentences
are incorrect or irrelevant to the given question.

We observe that it probably requires more than 3 hops
of reasoning to infer the answers in this case, since there
are multiple steps to answer the given question. We can still
evaluate how the proposed GMQS handles such a case from
the perspective of 3-hop inference. Compared to the reference
answer, GMQS can capture most of the useful information
to generate a good summary for answering the question,
using either extractive or abstractive methods. Due to the
length limitation in the experimental setup, the extractive result
(GMQS-ext-joint) only fetches a certain number of sentences
with the most important information from different hops of
inference. The abstractive result (GMQS-abs-joint) success-
fully incorporates the key information to form the final answer.
However, MGSum and QPGN introduce some unnecessary or
incorrect information into the summarized answers.

Compared with MSG (3-Hop), which is also capable of
multi-hop inference, the answer generated by GMQS covers
more required information from the source document. This
result indicates that only modeling the semantic relevance
is inadequate for producing a comprehensive answer to the
given non-factoid question. The proposed graph-enhanced
multi-hop inference method enables to explicitly explain the
inferred reasoning paths for producing the final answer. In
this case, we visualized the multi-relational graph concerning
the highlighted sentences during the multi-hop inference
process in Figure 7. It can be observed that Sentence 13 is
not computed to be semantic relevant to other highlighted
sentences. However, it is computed to be topically coherent to
the question as well as linked to Sentence 9 by the coreference
of “milk replacer”.

F. Error Analysis

We conduct error analysis on the generated answers selected
for human evaluation (Section VI-C). Table VI summarizes the
four most frequent error types and their error rates. In general,
missing information and redundant information are the most
common errors in the generated answers by both extractive
and abstractive GMQS methods. Compared with GMQS-ext,
GMQS-abs can greatly avoid errors regarding incoherence in
the generated answers. However, due to the hallucination issue,
which is the typical flaw of generation methods, GMQS-abs
suffers more from the incorrect information.
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Question: How to tube feed a puppy?
Document: 
1. You will need a 12 cc syringe, a soft rubber feeding tube, and a 16-inch urethral catheter with a diameter of 5 French (for small dogs) and 
8 French (for large dogs). 2. These are the items you will use to create your feeding tube device. 
3. You will also need puppy milk replacer that contains goats milk, like ESBILAC®.  
4. You can also buy an already assembled feeding tube from your local veterinary office or pet store. 
5. You will need to determine the puppy’s weight so that you know how much milk replacer to give him. 
6. Place him on a scale to determine his weight. 7. For every ounce of the puppy’s weight, give him 1 cc or ml of the milk replacer. 
8. Add one extra cc to be careful. 9. You will want to heat the milk replacer up so that it is easier on the puppy’s stomach. 
10. Place the milk into the microwave for three to five seconds so that it reaches a lukewarm temperature. 
11. Draw the milk up until you have the measured amount of milk, plus one extra cc. 
12. The extra cc will be used to ensure that puppy doesn’t get any air bubbles, which could cause bloating or gas pain. 
13. Once the syringe has drawn up all of the milk replacer, press down gently until a tiny drop comes out of the syringe. 
14. Doing this will ensure that the syringe is working properly. 
15. You will need to attach the end of the rubber feeding tube to the end of the syringe. 
16. To do this, place the tip of the rubber tube up against the side of the puppy’s bottom, or last, rib, and run the tube from there to the tip of 
the pup’s nose. 17. Pinch the tube where it touches the puppy’s nose and make a mark there with a permanent marker.
Reference Answer: Gather your supplies. Weigh the puppy. Measure out the correct amount of milk into a microwaveable bowl. Use the 
syringe to suck up the milk replacer. Attach the feeding tube to the syringe. Measure out the length of the tube you will insert into the 
puppy’s mouth.
GMQS-ext-joint: For every ounce of the puppy’s weight, give him 1 cc or ml of the milk replacer. You will want to heat the milk 
replacer up so that it is easier on the puppy’s stomach. Once the syringe has drawn up all of the milk replacer, press down gently 
until a tiny drop comes out of the syringe. You will need to attach the end of the rubber feeding tube to the end of the syringe.
GMQS-abs-joint: Gather your supplies. Measure the puppy’s weight. Place the milk in the microwave. Fill the syringe with milk 
replacer. Attach the syringe to the rubber tube. Insert the syringe into the puppy’s mouth.
MSG (3-Hop): Gather your materials. Measure your puppy’s weight. Heat the milk replacer. Attach the rubber feeding tube to the end 
of the syringe. Insert the end of the milk replacer into the milk replacer. Insert the syringe into the puppy’s mouth.
MGSum-abs: Gather your supplies. Measure the puppy’s weight. Add the milk replacer to the puppy’s weight. Place the syringe in the 
microwave. Remove the syringe from the syringe.
QPGN: Gather your supplies. Measure the puppy’s weight. Place the milk replacer on the puppy’s stomach. Place the milk replacer on the 
puppy’s stomach. Press the milk replacer into the milk replacer.

Fig. 6. Case study from WikiHow.
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Fig. 7. Visualization of the multi-relational graph.
TABLE VI

ERROR ANALYSIS.

Error Type GMQS-ext-joint GMQS-abs-joint

Missing Info. 74% 64%
Redundant Info. 86% 62%
Incorrect Info. 12% 52%
Incoherence 44% 16%

VII. CONCLUSIONS AND FUTURE WORK

In this work, we study the non-factoid QA problem
by proposing a novel query-focused summarization method,
namely Graph-enhanced Multi-hop Query-focused Summa-
rizer (GMQS). Specifically, we investigate graph-based reason-
ing techniques to perform multi-hop reasoning for collecting
key information from documents to answer the given question.
Three types of graphs with different semantic relationships
are constructed, namely semantic relevance, topic coherence,
and coreference linking, to explicitly capture the relationship
between the question and each document sentence as well as
among the document sentences. Then, the Relation Graph At-

tention Network (RGAT) is developed to aggregate the multi-
relational information accordingly. In addition, the proposed
method can be applied to both extractive and abstractive appli-
cations. Extensive experimental results show that the proposed
method outperforms the existing baseline on non-factoid QA
and has promising multi-hop reasoning capabilities.

It is noteworthy that the performance of the proposed
framework depends on the construction of the semantic graphs
to a great extent. In the future, we would like to explore other
more informative graph representations such as knowledge
graph, AMR graph, and leverage them to further improve the
performance. By doing so, the finer-grained relations, such as
word-level or entity-level interaction, can be investigated for
improving the multi-hop inference. In addition, it is also worth
exploring the deeper connections between multi-hop reasoning
and the graph structure and studying more sophisticated graph
neural network structures for the representational learning of
multi-relational graphs.
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