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Nowadays, depression has been widely concerned due to the growing depressed population. Depression is a global mental

problem, the worst case of which can lead to suicide. However, factors such as high treatment costs and social stigma prevent

people from obtaining efective treatments. Chatbot technology is one of the main attempts to solve the problem. But as

far as we know, existing chatbot systems designed for depressed people are still sporadic, and most of them have some

non-negligible limitations. Speciically, existing systems simply guide users to release their negative emotions or provide some

general advice. They cannot ofer personalized advice for users’ speciic problems. In addition, most of them only support

English speakers, despite the fact that depressed Chinese constitute a large population. Psychological counseling systems

for the depressed Chinese population with improved responsiveness are temporarily lacking. As an attempt to ill in the

research gap to some extent, we design a novel Chinese psychological chatbot system, namely PsyChatbot. First, we establish

a counseling dialogue framework based on Cognitive Behavioral Therapy (CBT), which guides users to relect on themselves

and helps them discover their negative perceptions. Then, we propose a retrieval-based Q&A algorithm to provide suitable

suggestions for users’ speciic problems. Last but not least, we construct a large-scale Chinese counseling Q&A corpus, which

contains nearly 89,000 psychological Q&A triples. Experimental results have demonstrated the efectiveness of PsyChatbot.

The source code and data has been released at https://github.com/slptongji/PsyChatbot.

CCS Concepts: · Human-centered computing→ Human computer interaction (HCI); Empirical studies in HCI;

Natural language interfaces;

Additional Key Words and Phrases: Chatbot, conversational agent, language design, mental health, psychiatry, depression,

CBT

1 Introduction

Depression (major depressive disorder) is one of the most common and serious mental illnesses, the worst case of
which can induce self-mutilation and suicide [2, 18]. Nowadays, the depressed population is increasing year by
year. A recent study reveals that there were nearly 100 million people sufering from depression in China, and the
lifetime prevalence of depression was 6.8% [24]. More than 280,000 Chinese people commit suicide every year, 40%
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of whom are sufering from depression [30]. Although depression can be treated by medication, psychotherapy,
and physical therapy, 35.5%~50.3% of serious cases in developed countries and 76.3%~85.4% in less-developed
countries received no treatment [18]. There are three main reasons accounting for the low treatment rates:

(1) Shortage of medical resources. Compared with the considerable size of the depressed population, very few
social workers are engaged in psychological services [28]. In addition, patients in less-developed regions
may fail to receive professional services within their reach [39].

(2) Stigma towards depression. The public has prejudice and discrimination against patients with depression,
which makes them ashamed to admit their illness and refuse to look for psychological assistance [53].

(3) High cost of psychological intervention. A study in 2009 [13] shows that depressive inpatients spent an
average of more than 70,000 yuan for the disease. By contrast, the Chinese residents’ per capita disposable
income in 2021 was only 35,128 yuan [27].

To improve the treatment rates of the patients, over recent years, researchers have continuously developed
Internet-based Cognitive Behavioural Therapy (ICBT) to provide high-quality online mental health services
[3, 46]. ICBT-based applications can be categorized into two types. The irst type of applications only provides
a chatting platform, which connects the depressed users and the psychotherapists [7, 14, 44]. However, the
online treatments are still expensive for the users. In addition, the treatments should be reserved with the
psychotherapists beforehand, which is inlexible considering the patients’ needs. The second type of applications
integrates a psychological chatbot agent in addition to the chatting platform [11, 14, 25]. The psychological
chatbot agent can automatically carry out psychotherapy to the depressed users and consequently relieve their
anxiety or depression. The psychotherapy services are much cheaper and can be provided to the depressed users
at anytime and anywhere. However, most of these applications adopt predeined response templates to implement
psychotherapy, which is far from intelligent enough to deal with various mental problems proposed by the users.

Despite the weakness of the existing ICBT-based applications, experimental results indicate that these applica-
tions could timely intervene and improve users’ psychiatric states, and their intervention efects on anxiety and
depression were close to traditional face-to-face psychotherapy [1, 4, 43]. Compared with traditional face-to-face
psychotherapy, they have the advantages of not being restricted by time and space, breaking the shackles of
patients’ self-stigma, and reducing their economic burdens. Therefore, the promotion of ICBT-based applications
can make it easier for individuals to access psychological assistance. However, most of the ICBT-based applications
simply guide users to release their negative emotions and provide some comfort [9, 29, 36] instead of providing
professional psychotherapy. In addition, there are few ICBT-based applications towards Chinese users despite
that depressed Chinese constitute a large population.

In this work, we investigate the shortcomings of the existing psychological intervention systems and propose
a novel psychological counseling agent based on cognitive behavioural therapy (CBT) for depressed Chinese
people. Our contributions can be summarized as follows:

• We implemented a CBT-based Chinese psychological counseling agent, namely PsyChatbot. PsyChatbot
provides online interventions for the depressed people based on the CBT model. It can reshape users’ faulty
cognitions and alleviate their depressive feelings.
• We designed a CBT-based guided dialogue framework. The framework guides users to describe their
emotions and problems by raising a series of questions. At the end of the dialogue, it provides appropriate
professional psychological advice to users’ problems.
• To provide professional advice, we constructed a Chinese psychological Q&A dataset, namely cPsychQASet.
cPsychQASet consists of 89,000 professional and individualized suggestions against the problems raised
by the depressed people. It can greatly beneit the development of related applications for mental state
intervention.
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• We proposed a topic-aware psychological Q&A retrieval algorithm. It calculates the similarity between the
user’s input and the candidate questions stored in cPsychQASet, and then retrieves suitable psychological
advice to the questions that are most similar to the user’s problems. In this way, PsyChatbot can provide
users with more targeted psychological advice.

2 Related Work

2.1 Computer-aided Psychological Therapy

In recent decades, chatbot techniques have been widely used in psychological intervention. Bickmore et al. [9]
designed an empathic chatbot with a virtual avatar for depressed people. The chatbot introduced therapeutic
schedules and precautions to the patients in the form of text and speech. Shim [25] was a text-based chatbot that
utilized the CBT method to alleviate users’ anxiety. Gardiner et al. [12] provided lifestyle-related suggestions to
participants through a chatbot application. The most successful chatbot applications for depression intervention
are Woebot [11] and Wysa [14]. Woebot implemented the CBT method to alleviate users’ depression and anxiety
through short daily conversations and emotion tracking. Wysa combined CBT, behavioral reinforcement, and
other approaches to help patients with depression (as shown in Fig. 1). In addition to the efectiveness of these
applications, recent research reveals that users believed it was safe to disclose sensitive information to chatbot
agents [8].

Fig. 1. Psychological intervention interface of Wysa [14].
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Although these applications have achieved the purpose of psychological intervention to some extent, they still
have some limitations. Firstly, the number of mental health applications is quite limited. Despite the abundance
of smart agents (such as Siri, Cortana, and Xiao Ice) in our daily lives, few chatbot applications are speciically
designed for psychological intervention. Furthermore, many claimed łpsychological interventionž applications
only ofer users functionalities for daily emotion tracking and basic psychological knowledge. Woebot and Wysa
are the only two publicly available mental health applications, but they exclusively cater to English-speaking
users. The applications designed for Chinese users are even rarer. Nowadays, only a few studies have explored
psychological chatbot applications in Chinese contexts, such as the Chinese version of MoodPYM [35] and Emohaa
[37]. However, there is still a lack of publicly accessible psychological intervention applications that support
Chinese. Secondly, the psychological suggestions provided by these applications tend to be overly general. These
applications typically adhere to a ixed process, restricting user expression with pre-deined options. As illustrated
in Fig. 1, Wysa recognized the word łfailedž mentioned by the user and reassured him/her not to worry too much
about the failure. Such advice, while reasonable, did not directly respond to the exam failure. As a result, chatbot
systems like Wysa often struggle to empathize with users efectively. In addition, some applications like Emohaa
attempt to utilize generative algorithms to generate lexible responses. However, they may inevitably generate
incoherent and less informative responses, hindering their ability to provide informative and thought-provoking
suggestions for users. Lastly, the existing psychological intervention systems are mainly proposed by researchers
from psychology. These systems primarily explore various online interaction modalities from a psychological
standpoint but often overlook the intelligence of the systems themselves. Consequently, the current psychological
intervention applications exhibit limited semantic understanding capabilities, serving merely as łtree holesž that
guide users to release their negative feelings, rather than comprehending their thoughts.

2.2 Chatbot Technology

The chatbot technology can be categorized into two main classes: the rule-based methods and the learning-based
methods. The former ones generate responses based on predeined rules. The latter ones generate responses
based on the learned pragmatic rules from the large-scale dialogue corpus.
The rule-based methods are simple in principle and do not require extensive data for training. For example,

ELIZA [49] was a representative rule-based chatbot. It recognized the input keywords and matched templates to
generate predeined responses. Although ELIZA did not really appreciate the users’ inputs, users still felt that it
could understand them [49]. The rule-based methods are simple in principle and do not require extensive data
for training. However, rule customization is time-consuming and labor-intensive. Besides, they are inlexible
when dealing with complicated problems.

The learning-based chatbots can be further divided into retrieval-based and generative-based chatbots. The
retrieval-based chatbots use heuristic algorithms to select appropriate replies from the predeined corpus. Lowe
et al. [22] were the irst to utilize neural networks in retrieval-based dialogue systems. The method retrieved
candidate replies using the TF-IDF (Term FrequencyśInverse Document Frequency) algorithm [23] and calculated
the matching scores of the candidate replies based on an LSTM model. SMN [50] further fused the candidate
replies with the context information by accumulating the matching information through a GRU model. The
existing retrieval-based chatbot technology has the advantages of being simple and controllable, and it can
generate natural and grammatical responses. However, it lacks the capability of lexible response generalization.
The generative-based chatbots learn response generation rules from the large-scale dialogue corpus and

generate words one by one according to the learned rules. They do not depend on the predeined corpus when
generating responses. In addition, the generated responses can be utterances that do not exist in the training
corpus. Vinsal et al. [47] constructed an end-to-end dialogue model which generated responses by maximizing the
probability of word generation. Serban et al. [40] added a context encoder to the basic encoder-decoder structure,
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which could model the context more efectively. The generative methods can generate diverse responses. However,
they need to learn the generation rules from massive amounts of data and are prone to generate grammatical
errors and incoherent sentences.

The rule-based and retrieval-based methods are widely used in the real world due to their mature technologies
and the natural responses generated. Besides, existing psychological intervention systems all adopt these kinds of
methods. For example, the overarching methodology adopted by Woebot [11] is a decision tree which determines
the routing to the subsequent conversation nodes based on the user inputs. The nodes on the decision tree store
various response templates which are used to generate suitable responses. Wysa’s so-called AI models were trained
in-house by clinicians. Unlike its name, it did not use AI-generated responses as psychological advice. Instead,
it utilized the predeined interventive conversations created by an internal team to implement psychological
intervention [5]. Therefore, in this work, we integrated the rule-based methods and the retrieval-based methods
to implement a psychological counseling agent under the CBT framework for Chinese depressed people, which
can automatically recognize users’ problems and generate speciic psychological suggestions for them.

2.3 Cognitive Behavioral Therapy
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Fig. 2. An example of maladaptive thoughts on the exam failure. The student exaggerated the consequences of an exam
failure and developed the false perception łI will never pass the examž, which led him/her to a state of depression.

Cognitive behavioral therapy [6] is a type of short-term psychotherapeutic treatment. It focuses on łhere and
nowž problems and looks for ways to improve patients’ mental states. The cognitive-behavioral model suggests
that it is one’s thoughts about his/her situation that intrinsically contribute to his/her emotions [15]. For example,
as shown in Fig. 2, a student failed his exam and fell into a depressive state. According to the cognitive-behavioral
model, the situation of exam failure could not arouse depressive feelings. Instead, the automatic thoughts about
the exam failure (łI will never pass the examž) were the main reason that contributed to the depressive feelings. In
addition, these automatic thoughts are often induced by inappropriate core beliefs (łI am too dumbž).

As shown in Fig. 2, the maladaptive thoughts distort and exaggerate real-life situations, inducing individuals
pessimistic about themselves, the world, and their lives. Therefore, identifying and changing maladaptive thoughts
is the central focus of CBT. CBT methods utilize the situation → thought → feeling triangle to identify and
change automatic thoughts [15]. In the face-to-face treatment, the therapist guides the patient to describe his/her
emotions and situations, observes and records his/her psychiatric states, and assists his/her in identifying the
automatic thoughts associated with the emotion shift. An example is shown in Table 1. The therapist irst guides
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the patient to describe his/her recent mood (łsadž) and the triggered event (łfailed the math examž). Then the
therapist assists the patient to understand that his/her hopelessness stems from his/her maladaptive thoughts (łI
will never pass the examž) instead of the event itself. In this way, the therapist helps the patient identify their
maladaptive automatic thoughts and further improve their emotional state by transforming their way of thinking.

Speaker Content

Therapist How have you been feeling this week?
Patient Just really sad. . . as usual. It seems like I’m always feeling that way.
Therapist Did anything in particular trigger this sad feeling this weekend?
Patient Yes, I failed the math exam this week. I think I’m so stupid that I’ll never pass

the exam.
Therapist So, let’s write down this automatic thought that you are having. I will never

pass the exam. Your exam failure was the situation that triggered the thought,
‘I will never pass the exam’.

Patient Yes, that’s true.
Therapist When you got your math grade and that thought came to you, how did you

feel?
Patient I felt really sad and hopeless.
Therapist So, can you see how our thoughts can afect our mood and change the way we

are feeling? Although you failed this exam, you can pass it if you prepare well.
Would you still feel so bad if you thought this way?

Patient Yeah, I guess if I hadn’t had that thought, I wouldn’t have felt so bad.
Table 1. An example of CBT therapeutic session. The therapist helps the patient recognize that his/her hopelessness stems
from his/her maladaptive thoughts.

3 PsyChatbot: A Chinese Psychological Counseling Agent Based on CBT Framework

We have developed a new Chinese psychological intervention system, namely PsyChatbot, which can guide
users to build a positive way of thinking under the CBT framework and alleviate their depressive feelings. In this
work, we have solved three key problems, which include:

• How to implement CBT principles using the chatbot technology?
• How to accurately retrieve psychological advice from a predeined professional counseling corpus for the
user’s speciic question?
• How to construct the predeined professional counseling corpus?

In this work, a CBT-based guided dialogue framework is proposed to implement CBT principles. Besides, a
Chinese psychological counseling corpus, cPsychQASet, is constructed for providing professional psychological
advice. In the end, a topic-aware psychological Q&A retrieval algorithm is proposed to accurately retrieve
psychological advice from cPsychQASet. The details of our work have been illustrated in the following subsections,
respectively.

3.1 CBT-based Psychological Intervention Framework

As mentioned in Sec. 2.3, the core therapeutic technique of CBT is knowledge reconstruction, i.e., to identify and
reshape the maladaptive thoughts of the depressed people. In the clinical treatment, a stage of the rapid CBT
method consists of the following three steps [45] (as shown in Fig. 3(a)):
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Fig. 3. (a) The rapid CBT approach used in the clinical psychotherapy; (b) The proposed CBT-based psychological intervention
framework.

(1) Initial assessment. Therapists focus on patients’ mental states, disease progression, appeals and so on. They
assess the causes, types, severity, and physical states of patients’ mental problems.

(2) Psychological intervention. During the therapy session, therapists listen to patients’ problems and help
them get a thorough understanding of the situations and their thoughts. At the end of the session, therapists
execute individualized treatment plans to help the patients establish positive self-perceptions.

(3) Evaluation. Therapists summarize the treatment results, analyze the reasons for the efectiveness or the
failure of the treatments, and record the plans for the next stage of the treatments. If necessary, the therapists
schedule the next stage of treatments with the patients.

According to the rapid CBT approach mentioned above, we proposed a CBT-based intelligent psychological
intervention framework. As shown in Fig. 3(b), the CBT-based psychological intervention framework consists of
three steps:

(1) Conversation lead. When an intervention session starts, users are led to talk about their recent problems
and feelings. These problems may relate to their health status, marital problems, academic stress, etc.
After the users have fully described their problems, they are encouraged to share their thoughts on these
problems.

(2) Cognitive recognition. The system automatically identiies users’ emotions and maladaptive thoughts based
on the users’ inputs, helps them identify the ways of thinking and behaviors that may cause the problems.

(3) Cognitive reconstruction. The system attempts to rectify the users’ maladaptive thoughts by providing
them with professional advice and solutions, which are retrieved from a professional counseling corpus.

The CBT-based psychological intervention framework is implemented with AIML (Artiicial Intelligence
Markup Language) [48]. AIML is an XML dialect for creating natural language software agents. It has high
grammatical accuracy and process controllability, which is capable to simulate CBT interventions. Fig. 4 shows
the worklow of the CBT-based dialogue framework. The framework consists of three stages: Conversation Lead,
Cognitive Recognition and Cognitive Reconstruction. Conversation Lead and Cognitive Recognition, which
correspond to Initial Assessment in the rapid CBT approach, are implemented using AIML to guide users to
describe their feelings and problems. Cognitive Reconstruction, which corresponds to Psychological Intervention

in the rapid CBT approach, is implemented by a retrieval algorithm to retrieve speciic psychological advice
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Fig. 4. The workflow of CBT-based dialogue framework. (a) When the conversation starts, PsyChatbot switches to the
stage of Conversation Lead or Cognitive Recognition according to the user’s input. It guides the user to describe his/her
feelings, existing problems and his/her thoughts on these problems. (b) When the user clarifies his/her problems and seeks
psychological assistance, PsyChatbot switches to the stage of Cognitive Reconstruction and retrieves relevant psychological
advice from cPsychQASet, a professional psychological counseling corpus, to provide psychological support.

for users’ problems to rectify users’ cognitions. The Evaluation step in the rapid CBT approach is omitted in
PsyChatbot because it is only used for the treatment summarization for the therapists.

It should be noted that the transitions between three stages are conducted by the AIML interpreter automatically.
The interpreter constructs a decision logic tree to determine which type of responses should be generated. After
the user has initiated the conversation, the interpreter searches the logic tree based on the user’s input. If the
pattern of the input matches one of the tree nodes, PsyChatbot generates responses using the template attached
to the node. If the user’s input doesn’t match any pattern stored on the tree, the interpreter assumes that a speciic
question is raised and will retrieve suitable psychological advice from cPsychQASet. In this way, PsyChatbot
completes the transitions from diferent stages.

3.1.1 Conversation Lead & Cognitive Recognition. In the stages of Conversation Lead and Cognitive Recognition,
users are guided to share their situations, thoughts and feelings using a set of predeined response templates.
Each time the user’s input is received, the system normalizes the input text and matches it with the AIML rules
which are designed based on CBT conceptions.

A simple example of the rules is shown in Fig. 5. In this example, <aiml></aiml> deines the beginning and the
end of the XML ile, <category></category> deines the CBT-based response rules, <pattern></pattern> deines
the patterns for input matching, <template></template> deines the response templates under the rule, and * is
a wildcard character. An AIML ile usually contains several rules. An AIML rule can correspond to multiple
input patterns and multiple response templates. While matching a rule, the system reads the response template,
processes the special labels (e.g., * or some variables) which appear in the template and generates a response
according to the rules. Finally, the system returns the response to the user and waits for the new utterances.

As shown in Fig. 6, PsyChatbot starts the conversation and guides the user to describe his/her current feelings.
During the conversation, PsyChatbot identiies the user’s emotions (keywords such as łunhappyž or łsadž) and
speciic reasons (keywords such as łbecause · · · ž) from user’s utterances and then veriies the user’s troubles and
problems in life.
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(b) The dialogue example that corresponds to the CBT-based AIML rule.

Fig. 5. A simple CBT-based AIML rule and its corresponding dialogue example.

If the emotions and reasons are not complete enough for the retrieval algorithm to retrieve suitable suggestions,
PsyChatbot will continue to generate guided responses (such as łDo you often feel unhappy?ž or łWhat happened

recently that made you think in this way?ž), guiding the user to talk more about his/her moods and the occurred
events. By posing questions like łWhat is the cause do you think?ž, PsyChatbot encourages the user to relect
on himself/herself and ind the inappropriateness in his/her thoughts. Finally, PsyChatbot retrieves suitable
answers (the proposed retrieval algorithm will be illustrated in Sec. 3.3) from cPsychQASet and returns them as
psychological advice for the user. In this way, the system can reshape user’s maladaptive thoughts and guide
him/her to think from a positive perspective.

3.1.2 Cognitive Reconstruction. Once the user’s emotions and problems are obtained, the user’s input � is matched
with the Q&A triplet (�� , �� , �� ) retrieved from cPsychQASet, where �� is the �-th problem stored in cPsychQASet,
�� is the corresponding response to �� , and �� is the topic label vector of �� . The matching scores are calculated
based on the topic similarity and the text similarity between � and �� . Finally, � candidate responses {�� }1≤�≤�
retrieved from cPsychQASet are sorted by the matching scores and the one with the highest score is regarded as
the system response. The details will be illustrated in Sec. 3.3. In this way, PsyChatbot can provide users with
suitable psychological advice based on the users’ inputs and consequently alleviate their depressive feelings.
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Fig. 6. An example of the CBT-based guided dialogue framework. PsyChatbot first asks about the user’s recent emotions to
discover the problems occurring in user’s life (1). Then, by asking the trigger events of the emotions, PsyChatbot obtains
the user’s views on their passive emotions (2). Finally, PsyChatbot uses a topic-aware Q&A retrieval algorithm to retrieve
suggestions from cPsychQASet, reshaping their negative thoughts (3).

3.2 Chinese Psychological Counseling Corpus

A professional psychological counseling corpus is essential for PsyChatbot when the system tries to provide
psychological advice to the user in the step of Cognitive Reconstruction. However, it is diicult to obtain counseling
information directly from the therapists due to privacy protection. Therefore, we turned to collecting publicly
available data from three professional psychological counseling forums, i.e., xinli001 (https://www.xinli001.com/),
yidianling (https://www.ydl.com/), and xinliwenda (https://wenda.mrzcl.com/). The questions from Q&A sections
of psychological counseling forums were proposed by various depressed users who sought for mental helps.
A Q&A example has been shown in in Fig. 7. In this example, a user raised an issue about how to maintain

a love relationship. The therapist from the counseling forum emphasized the importance of tolerance in a
relationship and advised the user to understand and be tolerant to his/her partner. Through the Q&A interaction,
the user obtains the psychological support from the therapist. The advice can help him/her out and build a better
relationship with his/her partner. Each question from Q&A sections of psychological counseling forums was
assigned several topic labels (e.g., łlovež shown in Fig. 7) so that experts in the related areas could answer the
question timely and properly. The question � together with its topic label string �� and the corresponding best
answer � constitute a psychological Q&A triplet (�,�� ,� ). Based on these Q&A triplets, we construct a Chinese
psychological Q&A dataset named cPsychQASet.
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Fig. 7. A Q&A example obtained from the psychological counseling forum.

3.2.1 Q&A Triplet Construction. To construct cPsychQASet, approximate 160,000 rawQ&A triplets were collected
from three psychological counseling forums. The question in the raw Q&A triplets often corresponds to multiple
answers which were given by diferent therapists. In order to construct the Q&A triplet, only the best answer
was kept and associated with the corresponding question. we noticed that each answer contains an attribute
named łlikež, which recorded the number of approvals to the answer and indicated its appropriateness to the
raised question. Therefore, the answer with the maximum number of łlikež was regarded as the best advice to
the raised question. Those questions which were unanswered were iltered out directly. In addition, the questions
whose answers received no łlikež were also removed.

Each question from the the psychological counseling forums is associated with a łlabelž attribute, which
indicates the topics that the question belongs to. Considering that the labels reveal the category information of
the questions, they were kept in the Q&A triplets. By examining the topics of all the questions, we summarized
seven categories of the labels, which include: love, emotion, growth, family, relationship, treatment and career.
Some infrequent topics were manually assigned to one of the label categories mentioned above. For example,
łmother-in-lawž were merged into łfamilyž.

3.2.2 Data Cleaning. After obtaining a set of Q&A triplets, the contents of questions and answers in Q&A triplets
were further processed. As shown in Fig. 7, the question consists of two parts: the łtitlež and the łdescriptionž.
The łtitlež contains the summary information and the łdescriptionž contains a detailed description of the problem.
Therefore, they were concatenated to give a full description of the user’s problem. Some problem descriptions
are too long to be a suitable response in the dialog context. They were truncated with an upper length limit
(e.g., 1,000 characters) and the exceed part was removed. In addition, some answers are too short or too long,
which are inappropriate to be directly used as chatbot responses in conversational scenarios. Consequently, short
answers which contain less than ten characters were also iltered out. For long answers whose lengths exceed
the length limit, they were split into a set of discrete sentences by terminal punctuation. The longest sentence
within the upper limit (e.g., 1,000 characters) was selected as the best answer.

Considering the large size of the dataset, it is diicult for us to verify the Q&A triplets one by one. Therefore,
we performed a sampling evaluation to ind potential issues in the initially constructed dataset and designed
iltering rules to rectify these issues accordingly. Speciically, we randomly selected 250 Q&A examples from the
initially constructed dataset (obtained from Sect. 3.2.1) to build a sampling set. Then, we veriied the Q&A triplets
in the sampling set one by one and recorded the appeared issues, such as garbled characters, self-introductions,

ACM Trans. Asian Low-Resour. Lang. Inf. Process.
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and advertisements. We manually designed iltering rules to ix these issues, such as removing garbled characters
and self-introductions. These rules were applied to the entire dataset to ensure that the dataset was ethical and
its contents were well-written.
In the end, nearly 89,000 valid Q&A triplets were obtained. Each Q&A triplet (�, ��, �) contains a question

description �, topic label string �� of question �, and the best answer � to question �. These Q&A triplets consist
of the psychological counseling corpus cPsychQASet, which will be used to provide professional advice and
guidance in the Q&A retrieval module.

3.3 Topic-Aware Psychological Q&A Retrieval Algorithm
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Fig. 8. The architecture of the topic-aware psychological Q&A retrieval algorithm.

The AIML-based guided dialogue framework solves the conversation guidance problem. It guides users to
talk about their situations and feelings, and encourages them to relect on their negative thoughts. When the
conversation moves into the Cognitive Reconstruction stage, the system needs to provide psychological advice for
user’s speciic questions. Therefore, a topic-aware psychological Q&A retrieval algorithm is proposed to provide
appropriate psychological advice to the user in the Cognitive Reconstruction stage. When the user’s input contains
a speciic question that cannot be solved by the predeined templates, PsyChatbot utilizes the topic-aware Q&A
retrieval algorithm to retrieve a suitable answer from cPsychQASet and returns the answer to the user as the
psychological advice.
As shown in Fig. 8, the algorithm consists of a Topic-Aware Module and a Q&A Matching Module. First, the

user input � is compared with each question �′� from the candidate Q&A triplet set {(�′� , �
′
� , �
′
� )}1≤�≤� which are

retrieved from cPsychQASet based on their content similarity and the topic similarity. Then the two similarities
are weighted and added up to obtain the matching scores between � and �� . The answer �

∗ to the question �∗

ACM Trans. Asian Low-Resour. Lang. Inf. Process.



PsyChatbot: A Psychological Counseling Agent Towards Depressed Chinese Population Based on Cognitive Behavioural Therapy • 13

which corresponds to the highest matching score is outputted as the system response. The algorithm will be
elaborated in the following subsections.

3.3.1 Topic-Aware Module. Generally speaking, PsyChatbot can retrieve suitable psychological advice from
cPsychQASet merely based on the contents of the user’s inputs. However, in our daily life, conversations are often
made around certain topics. The topic information can help listeners better understand the speaker’s thoughts
and intents. Similarly, the topic information can help PsyChatbot better understand the user’s situations and
problems. If the topic information can be extracted from the user’s input beforehand, PsyChatbot can retrieve
more suitable psychological advice based on both the input contents and its potential topics.

Topic acquisition is typically treated as an unsupervised learning problem [20, 52, 55]. For example, Xing et al.
[52] acquired topic word embeddings of messages from a pre-trained Twitter LDA model [54]. They estimated
the parameters of Twitter LDA with the collapsed Gibbs sampling algorithm [54] and selected the top � words
with the highest probabilities as the topic words. Luckily, the labels in cPsychQASet provide the known topics,
such as love, career and family, etc. We assume that the new problems raised by the users also belong to the
existing topics. Therefore, in this work, the topic extraction from the user’s inputs can be regarded as a 7-topic
classiication task. To solve this problem, a bidirectional GRU model with an attention mechanism is proposed,
the structure of which is shown in Fig. 9.
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Fig. 9. Illustration of overall architecture of the Topic-aware Module.

The worklow of the topic-aware module is described as follows. First, the topic label string �� in (�, ��, �) are
one-hot encoded into a 7-dimensional vector � = (�0, �1, · · · , �6). Then the question description � is encoded by
ALBERT [17] to extract a set of critical textual features �� which represents the embedding of the �-th word in �.
ALBERT is a lightweight BERT variant with similar performance to BERT but less communication overhead.
Finally, a BiGRU model with an attention layer is constructed to learn the association between � and � . The
coniguration of the proposed BiGRU model has been summarized in Table 2.
The BiGRU network consists of a forward GRU unit and a backward GRU unit. As shown in Eqs. 1-2, �� =

[�1� , �2� , · · · , ��� ] is the input vector at time � , the hidden layer of the forward GRU unit is expressed as
→

�� and
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Layer Name Parameter Settings

BiGRU
Hidden:128
Layer: 2

Dropout: 0.5

Attention

FC
Output feature: 7

Activation: Sigmoid

Table 2. Parameter setings of the BiGRU model with an atention layer.

the hidden layer of the backward GRU unit is expressed as
←

�� . The hidden layer output of BiGRU at time � is
concatenated by the hidden layer output of the forward and the backward GRU unit, as shown in Eq. 3.

→

�� = GRU(�� ,
→

��−1) (1)

←

�� = GRU(�� ,
←

��−1) (2)

�� = [
→

�� ,
←

�� ] (3)

The weight coeicients of the attention layer are computed as

��,� = at(��−1,�� )

��,� = sotmax(��,� )

�� =

�︁

�=1

��,���

(4)

where �� is the encoded hidden state at position � , ��−1 is the previous decoder output at time � , �� is the inal
context vector, and at(·) is the attention weight function.
The model inally outputs a 7-dimensional vector � = (�0, �1, · · · , �6) and �� represents the probability that

question � belongs to the corresponding topic �� , � ∈ (0, 6). The trained BiGRU model with an attention layer will
be used to predict the potential topics for the user’s input problems. With the predicted topics and contents of
the problem, PsyChatbot can retrieve more related psychological advice from cPsychQASet. The details will be
introduced in Sec. 3.3.2.

3.3.2 Q&A Matching Module. This module aims to retrieve the most similar question �∗ to the user’s problem �

from cPsychQASet and to take the corresponding answer �∗ to �∗ as the response of PsyChatbot. Following the
STC framework [16] which formalized the conversation generation task as an information retrieval problem, the
worklow of the Q&A matching module consists of three steps: Candidate Retrieval, Candidate Matching, and
Candidate Reranking (as shown in Fig. 10).

In the Candidate Retrieval step, a quick search is adopted to recall a batch of candidate triplets {(�� , �� , �� )}1≤�≤�
as follows. Firstly, the user input � is split into words (�1, · · · ,��) by jieba

1. Secondly, an inverted index structure
[57] is constructed to retrieve all the questions {�� } in cPsychQASet that have overlapping words with �. The
structure establishes a mapping between the words and the questions, which can reduce the time cost of retrieval.
Finally, The relevance between � and each question �� is computed using BM25 algorithm [26]. BM25 algorithm

1https://github.com/fxsjy/jieba
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Fig. 10. Illustration of overall architecture of the Q&A Matching Module.

is an information retrieval framework, which is used to estimate the relevance of a document to a given query. It
is proposed based on two assumptions:

(1) When the document is represented as a vector, only the existence of a term is considered, not the location.
Speciically, when document � is represented as vector � = (�1, �2, · · · , ��), if the �-th word appears in
document � , �� = 1; otherwise, �� = 0. In this work, document � corresponds to the question �� in
cPsychQASet and the query corresponds to �.

(2) The occurrence of words in a document is independent of each other, i.e., � (�) =
∑�

�=1 � (�� ). � (�) and
� (�� ) are the occurrence probabilities of � and �� , respectively.

Based on the above two assumptions, the relevance score between �� and the input � can be computed as

Scorebm25 (�,�� ) =

�︁

�=1

�� · �(� � ,�� ) (5)

where� � is the �-th word in �,�� is the weight of� � , and �(� � ,�� ) stands for the relevance of� � to �� . In
this work,�� is calculated using IDF algorithm (Inverse Document Frequency) [38], which tends to ilter out
common words and retain important words. It can be computed as

�� = ��� (� � ) = log
� − ����� (� � ) + 0.5

����� (� � ) + 0.5
(6)

where � is the total number of questions in cPsychQASet, ����� (� � ) is the total number of questions that
contains word� � . For a given set of questions in cPsychQASet, the more questions that contain word� � , the
lower the weight of� � . As a result, meaningless words such as łahž and łummž will be iltered out.
�(� � ,�� ) can be computed as

�(� � ,�� ) =
�� · (�1 + 1)

�� + �1 · (1 − � +
� ·�
����
)

(7)
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where �� is the frequency of � � occurring in �� , � is the length of �� , and ���� is the average length of all
the questions in cPsychQASet. �1, � are hyperparameters. Based on Eqs. 5-7, we can preliminarily calculate
the relevance of question �� to �. Then all the Q&A triplets {(�� , �� , �� )} in cPsychQASet are sorted based
on Scorebm25 (�,�� ). The top � (� = 15) Q&A triplets are selected to construct the candidate triplet set R� =

{(�′� , �
′
� , �
′
� )1≤�≤� }.

In the Candidate Matching step, a ine-grained evaluation is performed on the candidate triplet set R� , and
the response with the highest matching score will be served as the system response. First, � and the candidate
questions �′� are pair-encoded by the SentenceBERT model [34]. SentenceBERT is a modiication of the pretrained
BERT network proposed by Nil et al. [34]. SentenceBERT uses siamese and triplet network structures to derive
semantically meaningful sentence embeddings. It can deal with the time-consuming problem of BERT model in
semantic similarity retrieval scenes and is suitable for sentence similarity calculation. The sentence pairs are fed
into two BERT models whose parameters are shared (siamese structure) and the word embeddings of the two
sentences are derived from them. Then an average pooling is performed on all the word embeddings and the
representations of the two sentences are derived. SentenceBERT uses cosine similarity to evaluate the similarity
of the two sentence embeddings (�, �) as

sim(�, �) =
� · �

| |� | | · | |� | |
(8)

PsyChatbot has predicted the topic vector � for the user’s input � in the Topic-Aware Module. Similarly, the
query topic � and the question topics � ′ are calculated their cosine similarities in this step.

In the Candidate Reranking step, we take a weighted sum of the sentence similarity and topic similarity between
the user’s input � and the candidate question �′� . The weighted sum is regarded as the inal matching score of
(�′� , �

′
� , �
′
� ) to �. Finally, {(�′� , �

′
� , �
′
� )1≤�≤� } are sorted by the matching scores and the response �∗ with the highest

matching score is chosen as the system response. Through these two modules, PsyChatbot gives comfort and
advice to users within the CBT-based dialogue framework, enhancing the diversity and appropriateness of the
system responses.

4 Experiments and Results

Based on the proposed CBT-based psychological intervention framework, PsyChatbot can guide users to relect
on themselves and to provide professional psychological advice. The performance of PsyChatbot mainly depends
on the efectiveness of the CBT-based guided conversation framework and the appropriateness of retrieved
psychological advice. Therefore, in this section, the system will be evaluated from these two aspects.

4.1 Case Study

Fig.11 exhibits two conversation examples from PsyChatbot. In the irst case, PsyChatbot started the conversation
and asked about user’s daily life. When it received the user’s inputs łI just feel exhausted and don’t want to

do anythingž, PsyChatbot asked łAny more? I am listening.ž in anticipation of revealing more of the user’s
thoughts. When the user made a negative statement such as łI feel life is very meaninglessž, PsyChatbot called the
psychological Q&A retrieval algorithm to retrieve professional suggestions. PsyChatbot reminded the user that
he/she should take his/her possible mental problems seriously, adjust the mood state and make some positive
changes to his/her life.

In the second case, PsyChatbot guided the user to describe more about her mental state and the problems. When
the user said that her boyfriend cheated on her and she was considering whether to forgive him, PsyChatbot
analysed the pros and cons of continuing the relationship or breaking up for her. It politely advised her to stop
the relationship in time but left the inal decision in her hands. When the user said that she couldn’t help crying,
PsyChatbot comforted her to move on and to wait for the next relationship.
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PsyChatbot: A Psychological Counseling Agent Towards Depressed Chinese Population Based on Cognitive Behavioural Therapy • 17

!"#$%#& '#(")*(#

!"#$%&'()'
!"#$%&!'()*+,-./012345
*+,,)-./.&0.1,&2.#)345+.%+5+6.*)74".,89+.'%+"+.2&#":

;"+5
673,
<)'.").%)'6

!"#$%&'()'
-.89:;2<=#>!?0@9ABCD5
=%&'.%&>>+?+2.5+@+?',#.'%&'.0&2+.#)3.'%8?A.'%8".7&#.:

;"+5
E89;2<=#6F?0$GH#;2<=IJCK,
<)'%8?1.%&>>+?+26./.B3"'.9++,.+C%&3"'+2.&?2.2)?4'.7&?'.').2).&?#'%8?16

!"#$%&'()'
LMN5)OP,
D?#.0)5+:./.&0.,8"'+?8?16

;"+5
?0Q9$EMRS,
/.9++,.,89+.8".E+5#.0+&?8?1,+""6

!"#$%&'()'

A3TUVMWX:45AFYBZ[TUV#\]!9^_`OYabcdeTfg,hiFYB
jjOOTkl#6mno8pY3qr#hst!uklTvw#u;2Ixr#yzc%w{|#
}~��,
*)7.,)?1.%&".'%8"."'&'+.(++?.1)8?1.)?:./'.8".&."'&'+.)9.2+>5+""8)?.7%8@%.5+08?2".#)3.'%&'.")0+.

@%&?1+"."%)3,2.(+.0&2+.8?.#)35.,89+6./'.8".&,").&.5+&,.>5)(,+0.7%8@%.&99+@'".'%+.7&#.#)3.,))A.&'.'%8?1".

&?2.0&A+".#)3.>+""808"'8@.&()3'.+E+5#'%8?16./'.8".B3"'.&".)(B+@'8E+.&".%&E8?1.&.@),2.)5.9+E+56.F).#)3.
"%)3,2.'&A+.8'."+58)3",#.&?2.&2B3"'.#)35."'&'+.8?.'80+6

!"#$%#& '#(")*(#

!"#$%&'()'
!"#$%
*)+,-'./0-+)-"001-2"-0304#'%.+,-&54.,%'6

7"04
&'()
8044.(501

!"#$%&'()'
*+,-./0123%
9.:-&+#'%.+,-%&;;0+-40<0+'5#6

7"04
456789:;&<=)
=#-()#>4.0+:-'40&'0:-)+-/01-2->005-:0;40""0:1

!"#$%&'()'
>?@ABCDE3%;FGG9H>)
$&+-#)?-:0"<4.(0-.'-.+-:0'&.56-2-@&+'-')-A+)@-/)40-&()?'-#)?1

7"04

;1I;J456KL!MNO:;'PQR'RSTU:;VWXYZ=[&\])
2->)?+:-)?'-'%&'-/#-()#>4.0+:-@&"->5.4'.+,-@.'%-")/0)+0-05"01-2-:)+B-A+)@-@%0'%04-2-"%)?5:->)4,.30-%./-

&+:-2-"?>>04-0304#-:&#-(0<&?"0-)>-.'1

!"#$%&'()'

>,^_`a:bcLUde:fg,h?ijkl:mnoUpq'r[>st)Uiu"v>:
>wxU:Myz{9)|}_`a:~�����U:V�>pq#���UJkl)����K
D�jU��J��:�'�~W��)�_>�[�?��~`a�_);#��>`a:V��
>K��)
C)?-%&30-'@)-<%).<0"D-)+0-."-')-<)+'.+?0-')-:&'0-%./E-4."A-,0''.+,-<%0&'0:-)+-&,&.+E-&+:->.+&55#-40&5.F0-

'%&'-%0G"-+)'-@)4'%#-)>-#)?4-&>>0<'.)+-&'-&551-H%0+-%0-<)/0"-(&<A-')-#)?E-#)?-'055-%./-'%&'-'%0-
405&'.)+"%.;-%&"-<)/0-')-&+-0+:1-8%0-)'%04-."-')-40I0<'-%./-:.40<'5#-(0<&?"0-#)?-<&+G'-')504&'0-%."-

<%0&'.+,1-2+"'0&:-)>-4."A.+,-(0.+,-%?4'-(#-%./-&,&.+E-"');-'%0401-$%))"0-'%0-)+0-#)?-&40-/)40-
<)/>)4'&(50-@.'%1-2-<&+B'-<%))"0-.'->)4-#)?E-(0<&?"0-#)?-&40-'%0-)+0-.+-5)301

7"04
��>��J)�X ;FoUJ¡¢L£¤J�:;¥�¦�'�§¨)
=&#(0-#)?G40-4.,%'1-J?'-0304#-'./0-2-'%.+A-)>-%."-(0'4&#&5-&+:-'%0-5)30-2-)+<0-%&:E-2-<&+B'-%05;-<4#.+,1

!"#$%&'()'

&GMD2Z'¦©�D_M:ªXD_�MZ¦«¬­,D_®¯J°±:²³´µ0¶K·¸~
(:¹ºF»¼¦,½¾L\]:³¿&()�ÀÁEDÂµ0Ã:ÄÅÆ¤ÇÈ(9ÉDÂµ0Ê
Ë>J��:'ÌÍ�ÎÏJµ0ÐÑoIÏÉ:ª�ÒÓÔJµ�ÕPÔM:Ö×>LIÏJµ0:
Ø>ÙÚÛ
=&+#-;0);50-@.55-+)'-5)30-I?"'-)+0-;04")+-.+-'%0.4-5.>0'./0E-&+:-0304#-5)304-@.55-%&30-&->.K0:-;5&<0-.+-

'%0.4-%0&4'1-2'L"-,)):-')-A00;-'%0->005.+,-'%040E-&+:-)<<&".)+&55#-40<&55-'%0-"@00'+0""-&+:-;&.+-'%&'-
<)/0-@.'%-.'1-M"-#)?-/)30-.+')-#)?4-+0K'-405&'.)+"%.;E-#)?-"%)?5:-%&30-:0&5'-@.'%-'%0-%?4'-'%&'-'%0-5&"'-

405&'.)+"%.;-(4)?,%'-#)?1 9)-+)'-'4&+";5&+'-#)?4->005.+,"->)4-#)?4-0K-)+')-#)?4-<?440+'-;&4'+04E-.+"'0&:-
+?4'?40-'%0-405&'.)+"%.;-@.'%-#)?4-<?440+'-)+0-(#-;04<0.3.+,-'%0-+0@-;04")+-@.'%-&-+0@-"0+"0-)>-

;?4;)"01 J0"'-@."%0"->)4-#)?4-%&;;.+0""N

Fig. 11. Two conversation examples of interacting with PsyChatbot.

The above two cases demonstrate that our psychological intervention framework can efectively simulate the
CBT treatment process. PsyChatbot leads the conversation using predeined response templates. It irst guides
the users to describe their moods and situations by questioning, such as łCan you describe your mood in detail?ž
and łHow’s life these days? ž. Then it guides the users to describe their frustration and thoughts (e.g., łWhat’s

the cause, do you think?ž), leading them to summarise the items that trigger their negative emotions. Finally,
PsyChatbot ofers suggestions on the problems proposed by the users. These suggestions are retrieved from
cPsychQASet which were provided by the professional therapists. Therefore, the suggestions are helpful to the
users who are stuck in the similar situations and can help them correct their misconceptions.
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4.2 Subjective Evaluation

We conducted a subjective evaluation experiment to evaluate the appropriateness of the retrieved psychological
advice. Based on the same set of the input problems, the psychological advice was retrieved by ive algorithms
which include C-TFIDF, R-TFIDF, BM25, Dual Encoder, and the proposed topic-aware psychological Q&A retrieval
algorithm, respectively. The appropriateness of the retrieved advice are evaluated manually by the volunteers.

4.2.1 Baseline Models.

• C-TFIDF and R-TFIDF. TF-IDF[23] is a statistics-based information retrieval algorithm which is often
used as a measurement of the relevance between a document � and a user query �. In this work, � is the
user input and � is the question in cPsychQASet. The relevance between � and � can be computed with
Eq. 9:

tf-idf (�, �) =

�︁

�=1

tf (�� , �) ∗ log
�

�� � + 1
(9)

where tf (�� , �) indicates the number of times word �� occurring in document � , � is the number of
documents in the corpus, � �� is the number of times word �� occurring in the corpus. Similar to [21], we
set up two baseline models related with TF-IDF. The irst one is C-TFIDF which calculates the relevance
between the user input and the question in cPsychQASet. The second one is R-TFIDF which calculates the
relevance between the user input and the answer in cPsychQASet.
• BM25. BM25[26] is a classical information retrieval algorithm. It is also the key component of our topic-
aware psychological Q&A retrieval module. Therefore, we also set it as a baseline model. The algorithm is
implemented using Eqs. 5-7 in Sec. 3.3.2.
• Dual Encoder. Dual Encoder (DE) [23] is an RNN-based dialogue retrieval algorithm. It consists of two
RNNs which compute the representation of the input problem � and the response � in cPsychQASet
respectively. The model calculates the probability that the given response � is the true response of �:

� (� is true response|�, � ;�) = � (���� + �) (10)

where � is a matrix of parameters and � is a bias, both of which are learned from the training data.

4.2.2 Human Rating. First of all, 30 questions related with various mental problems were randomly selected
from an independent psychological counseling website2. Then, the ive models mentioned above retrieved their
corresponding answers from cPsychQASet so that each models corresponded to 30 questions and 30 answers.
Finally, 20 volunteers were invited to evaluate the responses of the ive models.
The appropriateness of the retrieved psychological advice is considered from two aspects: the question

relevance and the advice helpfulness. For each retrieved psychological advice, the volunteers were asked to rate
its appropriateness to the corresponding question on a scale of 1 to 5 by considering the above two aspects:

• +5: Excellent. The response is very helpful and conforms to the question topic well.
• +4: Good. The response copes with the topic and is helpful to some extent.
• +3: Fair. It is hard to determine whether the response is useful or in line with the question content.
• +2: Poor. The response is a little relevant to the question but without much help.
• +1: Bad. The response has nothing related to the question and is unhelpful.

2https://www.jiandanxinli.com/questions
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Models +5 +4 +3 +2 +1 Average

Topic-Aware 36.9% 28.2% 13.1% 9.8% 12.0% 3.68

BM25 21.1% 17.1% 14.0% 13.1% 34.7% 2.77

C-TFIDF 14.2% 16.2% 9.8% 13.1% 46.7% 2.38

R-TFIDF 14.2% 12.2% 10.9% 15.6% 47.1% 2.31

DE 8.7% 14.9% 9.1% 14.0% 53.3% 2.12

Table 3. Subjective evaluation results. Grade ł+1ž to grade ł+5ž shows the score percentage of the models, and the models
with the largest proportion are in bold.

4.2.3 Evaluation Results. Table 3 shows the human rating results over 150 retrieved psychological suggestions.
The proposed topic-aware psychological Q&A retrieval algorithm received 600 ratings, of which 36.9% are ł+5ž
grade and 28.2% are ł+4ž grade. It has the highest percentage of ł+5ž, which exceeds the second place by 15.8%. Its
percentage of ł+4ž is also the highest and exceeds the second by 11.1%. BM25 has the second highest performance.
Its average score is 0.91 points lower than our topic-aware Q&A retrieval algorithm, which reveals that our
algorithm is efective in capturing latent information of users’ questions. C-TFIDF performs slightly better than
R-TFIDF, which indicates that the question-based matching works better than the response-based matching in
Q&A retrieval problem. DE shows the worst performance. Over half of its responses (53.3%) were rated as ł+1ž. It
may due to the fact that the performance of neural network models like DE heavily depends on the scale of data.
cPsychQAset is not large enough to for it learning the intrinsic response rules. In addition, the average score
of our topic-aware psychological Q&A retrieval algorithm is 3.68, which closes to łGoodž level. It means that
in most cases, the proposed model can provide helpful psychological advice to users. By contrast, none of the
average rating scores of other models are above 3.0, indicating that the performances of all the baseline models do
not even reach the łFairž level. Therefore, the answers selected by the topic-aware psychological Q&A retrieval
algorithm are more relevant to the questions.
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Fig. 12. An example of responses retrieved by five psychological advice retrieval models.
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Fig. 12 shows an example of the responses retrieved by ive diferent models. The user raised a question łCan
we really have someone’s unconditional love?ž. Among ive models, only the topic-aware psychological Q&A
algorithm answered the question properly around the topic of love. It explained to the user that love was free
and encouraged them to be brave to pursue love. BM25 and R-TFIDF algorithms capture partial keywords (i.e.
łunconditionalž). Their responses were somewhat relevant to the question but were not related to the topic of love.
The responses of C-TFIDF and DE were completely of-topic and could not be regarded as the proper answers to
the question.

Fig. 13. Boxplots of subjective evaluation results for the Topic-Aware retrieval algorithm and baseline models. The line in the
box represents the median, the interquartile range box represents the middle 50% of the data and the whiskers represent the
ranges for the botom 25% and the top 25% of the evaluation results.

To conirm the validity of statistics, we conducted one-tailed T-test between the topic-aware psychological
Q&A retrieval algorithm and the baseline models. The results indicates that the improvement of PsyChatbot
is statistically signiicant (p-value <0.01). Fig. 13 illustrates the distribution of the subjective evaluation results
for four groups of compared models. It can be seen that, the median line and the box plot of the topic-aware
psychological Q&A retrieval algorithm are both much higher than other baseline models, indicating that the
responses of the topic-aware psychological Q&A retrieval algorithm are rated signiicantly higher than other
models. The topic-aware psychological Q&A retrieval algorithm and C-TFIDF have a concentrated distribution of
scores, indicating that their scores are consistent among volunteers. In contrast, BM25 has a scattered distribution
of scores, indicating that volunteers hold diferent views of BM25.
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Metrics Topic-Aware BM25 C-TFIDF R-TFIDF DE

R@1 0.88 0.8 0.74 0.54 0.6

R@2 0.96 0.98 0.88 0.62 0.64

R@5 0.98 1 0.9 0.64 0.9

Table 4. Results on automatic metrics.

4.3 Objective Evaluation

We use the Recall@k [21] (denoted by R@1, R@2, R@5 below) to measure the performance of the topic-aware
Q&A retrieval algorithm and the baseline models. Recall@k is the percentage of the top � relevant results selected
out of all the relevant results in the corpus. It is one of the critical metrics to evaluate the performance of dialogue
retrieval algorithms. We constructed 50 questions with one true response and nine responses randomly selected
from cPsychQASet. The models computed the matching scores of the 10 responses and ranked them according
to their scores. Table 4 gives the results of automatic metrics, i.e. R@1, R@2, and R@5. The topic-aware Q&A
retrieval algorithm performs best on the R@1 metric, with a recall of 88%. It indicates that the algorithm has an
88% probability of selecting the correct answer from ten candidate responses. On the evaluation metrics of R@2
and R@5, the topic-aware Q&A retrieval algorithm and BM25 show similar performances which are signiicantly
higher than the other three models. For example, on R@2 metric, C-TFIDF has a recall of only 0.88, which is
almost 0.1 lower than the topic-aware Q&A retrieval algorithm and BM25. In practice, we pay more attention to
the model performance on R@1 metric in the dialog retrieval scenarios. Therefore, the topic-aware Q&A retrieval
algorithm outperforms other baseline models based on the evaluation results.

5 Limitations and Future Work

In this work, we design and implement a Chinese psychological counseling agent, namely PsyChatbot, which
guides users to engage in self-relection and ofers psychological advice for them. Nevertheless, our work exhibits
certain limitations. Firstly, although PsyChatbot employs a rule-based framework to facilitate users’ engagement
in counseling dialogues, it struggles to handle complex dialogue scenarios and sometimes mismatches templates.
Secondly, PsyChatbot should improve the accuracy of its Q&A retrieval algorithm. The algorithm fails to leverage
historical dialogue information, which may result in poor retrieval performance. In addition, PsyChatbot can
only provide suggestions derived from existing answers in the cPsychQASet corpus, lacking the lexibility to
generate proper and unrestricted suggestions based on user inputs.

Based on the aforementioned limitations, we propose several directions for further improvement of PsyChatbot
in future work. Firstly, the CBT-based guided framework of PsyChatbot can be implemented by generative
algorithms instead of rule/retrieval-based algorithms, aiming to produce more lexible responses closely associated
with user inputs. For example, this framework can be built upon large languagemodels (LLMs) aswell as techniques
like prompt engineering and in-context learning, as demonstrated in previous works [37, 51]. Secondly, the
Q&A retrieval module of PsyChatbot should consider more dialogue histories to provide contextually relevant
psychological advice. In addition, research in related ields, such as emotion recognition [31, 33] and cause
extraction [19, 32] in conversations, can contribute to the efectiveness of PsyChatbot. The recognized emotions
and causes can assist counseling systems like PsyChatbot in clarifying users’ problems and addressing their
maladaptive thoughts. Lastly, the integration of multimodality into dialogue systems is an emerging trend that
can signiicantly improve the understanding of users’ emotions and intentions [10, 41, 42, 56]. Multimodal
dialogue systems not only analyze textual inputs but also interpret non-verbal information such as speech, facial
expressions, and gestures, thereby enhancing the efectiveness and appropriateness of interactions. Therefore,
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exploring the integration of multimodality into counseling dialogue systems is a promising area for further
investigation.

In the future, we plan to deploy this counseling agent PsyChatbot on a self-developed mental health platform,
with the goal of providing assistance to users and further evaluating the performance of PsyChatbot. Addition-
ally, we will establish a feedback channel on the platform, allowing users to provide feedback and ratings for
PsyChatbot.

6 Conclusions

Traditional face-to-face psychotherapy has proved its efectiveness in the psychological intervention. However,
factors such as insuicient regional psychological resources and social stigma prevent Chinese people from
obtaining efective treatments. To solve the problemsmentioned above, this work develops a Chinese psychological
counselling agent named PsyChatbot to provide counselling services for the depressed users. PsyChatbot leads
the conversation for the psychological intervention under CBT framework and ofers psychological suggestions
to users’ speciic problems. The main contributions of this work can be summarized as:

• We build a CBT-based psychological intervention framework with AIML. The intervention framework
simulates the rapid CBT method in clinical psychotherapy, guides users to relect on themselves, discovers
users’ negative perceptions and reshapes them.
• We construct a Chinese psychological counselling Q&A corpus, namely cPsychQASet. To construct cPsy-
chQASet, nearly 160,000 psychological question-answer pairs are collected and inally nearly 89,000 valid
Q&A triples are obtained after data cleaning. cPsychQASet can provide professional psychological advice
for users’ speciic mental problems.
• We implement a topic-aware Q&A retrieval algorithm. The algorithm irst uses a BiGRU model with an
attention layer to predict the potential topics for the user’s problem. Then it retrieves the suitable response
from cPsychQASet based on both the content similarity and the topic similarity between the user’s problem
and the problem stored in cPsychQASet.

Online psychological intervention system is of great importance for the depressed people. In this work, we
design and implement a Chinese psychological counselling agent, PsyChatbot, which automatically guides users
to relect on themselves and provides psychological advice for their speciic problems. The experimental results
indicate the efectiveness and helpfulness of PsyChatbot in the psychological intervention. In practice, it can
comfort users, relieve their pressure, and improve their life quality.

Ethical Considerations

First of all, all the raw question-answer pairs are collected from the publicly available counselling platforms.
cPsychQASet only keeps the question contents, the question labels and the corresponding best responses. It does
not contain personal information about the questioners and the answerers. Besides, we have cleaned the sensitive
information which may appear in the questions and the answers, such as nicknames, phone numbers, links, etc.
What’s more, the counselling platforms themselves provide privacy protection mechanisms for the users. Users
can choose to ask questions anonymously when they are reluctant to reveal their identity. Most users asked
questions anonymously, with only a few of them displaying their nicknames. In the end, cPsychQASet can only
be used for academic purposes, which means that data users should sign an End User License Agreement before
using cPsychQASet.
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