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Abstract  

 
Mental health issues affect university students, particularly from developing countries, who are mostly faced with 
social, economic, and environmental challenges, which significantly impact students’ academic performance and well-
being. Furthermore, the literature shows that seeking professional mental health support is usually associated with 
excessive costs and stigmatization. Moreover, existing generic Chatbots do not address the specific contextual needs 
of students. This paper therefore presents a Chatbot tailored for students from a developing country context.  
Qualitative data were collected from ten final-year undergraduate students with a mental breakdown who are currently 
enrolled at a single university case in Zimbabwe. A thematic analysis of collected data provided key constructs for 
designing a Chatbot that employs natural language understanding techniques to afford university students a convenient 
platform for acquiring mental health support. Kanban methodology was employed to develop the machine learning 
Chatbot using the Rasa open-source framework which is a development framework that provides open-source tools 
and libraries for building conversational chatbots, leveraging a collection of different pre-trained and customizable 
machine-learning models for varying tasks within the chatbot such as intent classification, entity recognition, and 
natural language understanding. The findings from this research reveal that university students appreciate this 
innovative approach that promotes a private and user-friendly environment for their mental health care. The findings 
also suggest that students who experience mental breakdown only prefer to use Chatbots as an alternative intervention 
rather than a replacement for mental health professionals due to the unpredictable performance of chatbots, which 
sometimes results in inconsistent and varying solutions for mental health care. These findings add value to the 
knowledge body and impact university students who can now freely access mental health support without 
stigmatization. The parents or guardians of affected students can now be relieved from incurring high costs for some 
avoidable professional mental health services for their children. Lecturers can lecture and impart knowledge to 
mentally relieved, present, and attentive students. The findings also add to the university management’s understanding 
of the student's mental health needs and, can be able to strategize policies aimed at minimizing students’ mental 
breakdown and recurrences.  
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1. Introduction 
Mental health refers to a person’s psychological, emotional, and social well-being and it affects and influences how 
people feel, think, and act. One of the main risk factors for mental health problems among university students is the 
stress associated with campus life such as homesickness, academic pressure, financial stress, social isolation, 
cyberbullying, relationship problems, and trauma among other stressors. These stressors can take a toll on students' 
mental health, leading to symptoms of mental breakdown such as depression, stress, and anxiety (Koulouri et al. 2022). 
Mental health is important to overall well-being, particularly for University Students. This demographic is at risk of 
developing recurring mental health problems due to stigma, reluctance, and skepticism in seeking professional mental 
health support. These problems can have a significant impact on their academic performance and well-being. Suicide 
rates, school dropout, and the increasing prevalence of anxiety and depression among university students have become 
a growing concern within Zimbabwean universities (Gora 2022; Gwasira 2021). These issues are often a result of 
unaddressed stressors such as academic pressure, financial challenges, social adjustments, and the burden of 
expectations (Dekker et al. 2020; Nyashanu et al. 2020). The impact of these challenges extends beyond academic 
performance, hence, affecting not only the students but also their families, (Nyambara 2019). Furthermore, university 
counseling services and therapists often fall short of meeting demand due to limited resources (Koulouri et al. 2022). 
 
To better understand and address these mental health issues, there arose a need for new tools and resources to help 
university students, staff and mental health professionals understand and address the mental health issues affecting 
this demographic. The development of a Chatbot for the support of university students’ mental health helps to provide 
an accessible way for the students to learn about mental health, seek support, identify coping strategies to their 
problems, and improve their academic performance (Balcombe 2023; Coghlan et al. 2023; Tagarot 2022). Chatbots 
are computer programs powered by natural language understanding and artificial intelligence that can simulate human 
conversations. Chatbots are an ever-evolving technology that is becoming popular, ubiquitous, and appreciated by its 
widespread users for its ability to provide quick responses to user queries. The foundational history of chatbot 
evolution was laid by Allan Turing when he proposed the Turing test in the 1950s with the first Chatbot dating back 
to 1966 when the first known Chatbot, ELIZA, was created by Joseph Weizenbaum using the LISP programming 
language at the Massachusetts Institute of Technology (MIT) to demonstrate the Turing test. Chatbots are made to 
learn and improve their conversational capability over time to provide service, support, and knowledge to human 
beings. Since then, the development of Chatbots has incorporated the use of sophisticated machine learning and 
artificial intelligence algorithms that enable Chatbots to engage in more intelligent and interactive conversations with 
humans, (DSouza 2023; Ina 2022; Zhu et al. 2022). 
 
Building on the framework for transitioning to virtual classes during the COVID-19 pandemic (Mutunhu et al. 2022), 
this chatbot can provide additional support for students facing challenges in the online learning environment beyond 
just the academic domain. While the previous work addressed the logistical and technological challenges of adapting 
to remote learning environments, the Mental Health Chatbot addresses the broader emotional and psychological well-
being of students during times of disruption and uncertainty such as issues like isolation, procrastination, and difficulty 
staying motivated, which were identified as areas requiring attention in the framework. Offering emotional support, 
resources, and strategies to manage these challenges, can contribute to a more positive and successful virtual learning 
experience for students and even lecturers (Dube et al. 2023). 
 
It is against this background that a mental health Chatbot was developed as an alternative and accessible solution to 
support university students experiencing mental health distress in Zimbabwe. The mental health Chatbot for university 
students' support and encouragement is aimed at providing students in distress with mental health support in the form 
of coping mechanisms, and other resources.  There is limited research on mental health Chatbot for handling mental 
health issues in Zimbabwe. The generic Chatbots that are sometimes used to respond to frequently asked questions on 
mental health topics fail to address cultural and local beliefs. Thus, the main aim of this paper is to develop a mental 
health Chatbot tailor-made for university students 
 
2. Literature Review 
Mental health is an important component of human health and mental health disorders are a growing concern 
worldwide with 1 in every 8 people in the world living with a mental health disorder (World Health Organization 
2022). Anxiety disorders (2.8%) and depression disorders (4.0%) are prevalent mental health concerns in Zimbabwe, 
according to the 2022 Prevention and Management of Mental Health Conditions in Zimbabwe report. Many university 
students are affected by these concerns, which affects their quality of life (Gora 2022a; Nyambara 2019). The need 
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for improved mental health services is hampered by limited human resources and funding (Abd-Alrazaq et al. 2020; 
Saunders and Bristow 2023). In that regard, mental health Chatbots are an alternative way to complement professional 
mental health services by providing support, and encouragement to university students experiencing mental distress 
(Koulouri et al. 2022). Existing literature has evaluated the acceptability and effectiveness of using Chatbots as mental 
health interventions among university students. The reviewed chatbots use a combination of algorithms such as natural 
language processing, machine learning, dialogue management, and rule-based systems. 
 
Acceptability. Several studies found positive user experiences with Chatbots. Students in studies by Nelekar et al. 
(2021) (n=61) and Gabrielli et al. (2021) (n=71) reported feeling less stressed after interacting with Chatbots. 
Interestingly, some students (Nelekar et al.2022) continued talking to the Chatbot even after the study ended indicating 
that they accepted Chatbots as an intervention. However, in a survey by (Gbollie et al. 2023) which recruited 17838 
South African university students found that 79.6% considered online mental health resources, including Chatbots, to 
be helpful, but only 4.5% reported having previously used Chatbots for their mental health. 
 
Effectiveness. One study by Gabrielli et al. (2021) used a mixed-methods approach with 71 university students 
(primarily female, aged 18-34) to investigate the effectiveness of Atena, a psychoeducational Chatbot. They found a 
statistically significant decrease in stress symptoms (measured by PSS-10) following interaction with the Chatbot 
(t39=2.0; P=.05).  
 
Mixed Results for Anxiety and Depression. Klos et al. (2021) conducted a pilot RCT with 181 Argentinian university 
students (87.2% female, aged 18-33) to assess the effectiveness of Tess, a Chatbot designed for anxiety and depression. 
The intervention group showed a decrease in anxiety symptoms within the group, but this difference compared to the 
control group receiving a psychoeducation book was not statistically significant. No significant changes were observed 
in depression symptoms.  
 
Reduced Depression and Anxiety. Liu et al. (2022) employed a randomized controlled trial with 83 Chinese university 
students (aged 19-28 years) to investigate the effectiveness of XiaoNan, a CBT Chatbot. The study reported significant 
reductions in both depression and anxiety among participants using the Chatbot compared to the control group 
receiving Bibliotherapy. 
 
User Acceptability and Satisfaction. Studies highlight user acceptance and satisfaction with Chatbot interventions 
(Klos et al. 2021; Nelekar et al. 2022; Gbollie et al. 2023) reported that students found the ECA helpful and continued 
interacting with it even after the study ended. (Klos et al. 2021) noted positive feedback regarding the Chatbot’s 
acceptability among participants.  Gbollie et al. (2023) found that students expressed willingness to use online mental 
health solutions, including Chatbots if they addressed their concerns about safety and effectiveness compared to 
traditional therapy.  These findings suggest chatbots can be engaging and potentially bridge the gap for students 
seeking mental health support. 
 
Emerging Promise. Studies by Gabrielli et al. (2021), Nelekar et al. (2021), and Liu et al. (2022) offer promising 
evidence for Chatbots' effectiveness in reducing anxiety and stress among university students, suggesting they may 
provide valuable support for managing common mental health concerns. However, studies by Dube et al. (2024) raised 
concerns about overreliance on chatbots among university students. 
 
User Acceptability and Satisfaction. Studies by (Klos et al.2021; Nelekar et al. 2022; Gbollie et al. 2023; Dube 2024) 
highlight user acceptance and satisfaction with Chatbot interventions, indicating that Chatbots can be engaging and 
potentially bridge the gap for students seeking mental health support. 
 
Gaps identified. Existing chatbots offer generic mental health responses that are not necessarily specific to university 
students particularly students from a developing country perspective. It was also noted that although some universities' 
mental health resources exist, they are yet to be integrated with Chatbots as a complement intervention and this may 
otherwise contribute to students’ mental health breakdown. To address these gaps, the researcher ensured that the 
development of this mental health chatbot included intents that address mental health related to university students’ 
academic stress, socio-economic challenges, and mental well-being with a fusion of text and images in the Chatbot’s 
responses to increase engagement and enhance the user experience. 
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3. Methods 
The researcher employed a qualitative approach to understand, examine, and analyze stakeholder perspectives. A 
structured approach using the Kanban methodology was applied to define the requirements, develop the project, test, 
and deploy the chatbot. Kanban is an Agile-based project management framework that provides a versatile and 
transparent way to visualize tasks and work capacity using physical or digital boards. To define the requirements, the 
researcher created a 5 column Kanban board with tasks placed under To-Do, In Progress, Testing, Abandoned, and 
Done headings. To define the requirements, with a good To-Do list, the researcher gathered user stories that capture 
the user needs which were then used to outline the mental health intents. After defining the requirements, and in the 
development phase, the researcher created intents training examples, defined rules for the conversation flow, and 
tailored responses relevant to the intents. In the testing phase, unit tests were done using the command line interface 
to ensure that the natural language understanding, and the core components functioned as intended. Test subjects were 
used through a web-based chat widget interface to get feedback from the end user’s perspective on the chatbot’s 
usability. The tasks were categorized and managed following the Kanban core principles. 
 

i. Visualization of Workflow. The researchers created task cards arranged under columns specifying the stage 
of the task activity. The Kanban board was divided into columns with To-Do, In Progress, Testing, 
Abandoned, and Done headings. This visualization allowed for the tracking of task status and workflow 
prioritization. 

ii. Limit Work in Progress (WIP). To limit work in progress and avoid overwhelming the process, the 
researchers ensured that the tasks currently being worked on, were less than those in the previous column to 
easily handle and complete them without losing focus. Limiting work in progress improves productivity. 

iii. Efficient workflow management. In applying this principle, the researchers ensured that interruptions and 
blockers that hinder progress were permanently fixed or abandoned to focus on effective areas that required 
attention.  

iv. Take feedback. Feedback was sought for continuous improvement of the system.  
v. Continuous improvement. The processes were regularly reviewed, identified bottlenecks, and implemented 

necessary changes to enhance productivity. 
 
4. Data Collection 
The researchers used qualitative research to identify the requirements for the study through open-ended questions in 
a focus group and interviews in which participants’ opinions, and experiences, were gathered. Key themes and patterns 
related to mental health topics were manually captured from the participants’ responses, suggestions, and contextual 
information. The researcher also leveraged existing literature and dataset analysis to identify frequently asked 
questions, recurring themes, and patterns applicable to the Chatbot. Identified themes and patterns were coded and 
organized into intents, entities, user input phrases, and bot responses. The intents, entities, and responses were defined 
in the rasa open source nlu, domain, and stories yaml files for training the natural language understanding models and 
evaluation metrics.  The heliosbrahma/mental_health_dataset was scraped from hugging face using a script in the rasa 
open-source actions.py file. The dataset consisted of a single column with dialogue pairs of user queries, and chatbot 
responses curated from other blog sources such as the WebMD, Mayo Clinic, HealthLine, and online frequently asked 
questions. The dataset was anonymized to remove unwanted characters and personally identifiable information. The 
dataset's main attributes comprised user queries titled “HUMAN” with mental health topics such as symptoms, types, 
and general advice, and dataset responses titled “ASSISTANT” with definitions, explanations, symptoms, descriptions 
of mental disorders, and mental health advice. 
 
5. Results and Discussion 
The requirements gathered and the information obtained from the collected data were used to design a working mental 
health Chatbot which was iteratively improved with user feedback. The chatbot was designed using the Rasa open-
source framework, and Python. The Chatbot was integrated with a simple interface that uses a web-based widget to 
interact with the users, and the user interface was designed using HTML, CSS, and JavaScript. To start interacting 
with the Chatbot the user clicks the chat widget icon on the bottom right corner of the screen. 
 
Figure 1. below shows the sequence diagram of how the user interacts with the chatbot and how the chatbot interacts 
with its components. The user sends their message through the user interface to the chatbot framework where the Rasa 
Core extracts the intents, and entities from the user input and classifies them. The Dialogue manager then receives the 
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classified intents, and entities from the Rasa Core and predicts the most suitable action or response which it passes 
back to the User Interface. 
 

 
 

Figure 1. The chatbot sequence diagram 
 
Figure 2 below is a use case diagram that shows how the user communicates with the Chatbot through a web chat 
widget user interface. The students engage the Chatbot intending to seek support, encouragement, and resources for 
coping with anxiety, stress, and depression (mental distress) which the Chatbot provides. 
 

 
  

Figure 2. A student use-case diagram 
 
5.2 Natural Language Understanding 
The identified themes and patterns and categorized and defined into different user intents, used varied phrasing 
examples to enhance the natural language understanding of the Mental Health Chatbot. Example words, phrases, and 
statements were differently phrased to define each possible user intent. The chatbot managed to identify the defined 
intents and entities, it recognized user intents from their input and its natural language understanding performance and 
dialogue management were measured through the rasa open-source built-in evaluation metrics which measure 
precision, recall, f1 score, and the number of supporting examples, these metrics are stored with their weighted 
averages in a JSON file named intent report. Figures 3, 4 and 5 below are some of the results from these measures.  
 
Contextual responses.  
Generally, the chatbot correctly predicted appropriate responses for the user input related to the defined mental health 
intents. However, there were times when the chatbot predicted incorrect responses after users had entered unexpected 
or ambiguous statements, particularly not mental health related. The researcher compared such responses to what an 
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actual human being would have said and activated the chatbot to use default fallback messages in such cases. While 
the chatbot responses improved, some occasional unexpected hallucinations can still occur, where some responses do 
not align with the user’s context. 
 
Conversational Flow 
The chatbot uses defined core functionality elements such as stories, intents, and entities and employs a rule-based 
conversation flow that leverages in-memory basic rasa machine learning algorithms. While this approach might not 
be advanced compared to intentless chatbots, its simplicity allows it to respond relevantly to the students’ mental 
health queries. Figure 3 below highlights the flow chart with start and end nodes, and shows different scenarios that 
may take place when the user interacts with the university students’ mental health chatbot.  
 

 
 

Figure 3. An example flow chart of the chatbot processing pipeline 
 
Accuracy and Relevance 
Figure 4. Shows the intent prediction confidence distribution which evaluates the confidence levels for each user 
intent. The Intent Prediction Confidence Distribution is a handy tool used to visualize the probability of each 
recognized user intent based on the training data and whether the intent prediction has high confidence or low 
confidence. The diagram below shows that the intents were predicted with a high confidence score range between 
0.96 and 1 and no incorrectly predicted intents. The absence of incorrectly predicted intents, to some extent, may also 
mean overfitting where the model performs well on training data but may incorrectly predict actual user data. 
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Figure 4. Intent prediction confidence distribution 
 

 
Figure 5 below shows an Intent Confusion Matrix. The intent confusion matrix evaluates and visualizes the intent 
prediction results of the natural language understanding intent training examples. The matrix visualizes the intents and 
the number of example phrases used for each intent that the Chatbot was trained to recognize, in rows and columns. 
Each cell corresponds to the number of times an intent was correctly predicted compared to other predicted intents. 
To arrive at the intent confusion matrix, metrics such as Precision which indicates the number of correct predictions, 
Recall which indicates the number of actual intents that were correctly predicted, F1 score indicates the balance 
between precision and recall and, Accuracy which provides the overall view of how well the Chatbot is performing in 
predicting user intents, were used. Figure 5 below shows the intent confusion matrix with the number of predictable 
examples for each cell. 
 

 
 

Figure 5. The intent confusion matrix 
 



Proceedings of the International Conference on Industrial Engineering and Operations Management 
 

© IEOM Society International 
 

Personalization 
Figure 6 below shows the user interface with a chat widget icon on the bottom right corner of the web page. The user 
is prompted by the widget welcome message to click the widget icon to start the conversation with the chatbot. When 
users click the icon, the chat widget displays the text input area, the send button, and the response output area. The 
chatbot provides each user session with a unique ID which is mostly helpful when the chatbot engages multiple users 
at the same time. 
 

 
 

Figure 6. The user interface of the Chatbot 
 

Figure 7 below shows a user-bot interaction on the popped-up chatbot widget with user input and integrated text and 
image bot responses. In the Figure 8, the image responses are in a carousel that supports horizontal scrolling. 

 

 
 

Figure 7. Integrated Text and image responses 
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Figure 8 shows the chatbot handling multiple users at the same time 
 

Error Handling 
The chatbot handled most errors as expected by using the default and customized fallback messages where necessary. 
The chatbot displays technical error messages in the backend, while user-friendly error messages are displayed in the 
frontend to maintain the users’ confidence and encourage them to try again later. 
 
Continuous Learning 
The chatbot improves its performance and accuracy when trained with new intents, and additional data. While it can 
update its knowledge graph with new information, it does not currently learn new intents through real-time interaction 
with its users.  
 
Integration 
The chatbot used the standardized rasa REST API to integrate with the user interface chat widget. However, integrating 
the chatbot with messaging channels Facebook Messenger and Telegram,faced page creation challenges and country 
restrictions upon attempting integration with the Chatbot with their interfaces. Figure 9 shows Integration with 
Telegram failed due to Ngrok country restrictions through the user’s IP address shown in Figure 10, and Figure 10 
below shows a failed Facebook/Messenger page creation. 
 

 
 

Figure 9. Telegram User Interface for Sci4000Bot 
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Figure 10. Ngrok image showing country restrictions 
 

Figure 11 below, after generating the token secret key, the developer would have created the application page where 
they get the page-access-token which they use for the integration. However, creating the page faced persistent page 
creation error messages. 
 

 
 

Figure 11. Persistent Facebook error message 
 
5.3 Proposed Improvements  
Investment in advanced computer systems, and Chatbot frameworks like RASA Pro with Conversational Artificial 
Intelligence Language Model (CALM) model will improve the chatbot’s continuous learning, improve user 
experience, and ensure that the system continuously and efficiently works. Improvements may also include having the 
Chatbot make use of avatars that can be used to express facial expressions and hand gestures. The introduction of chat 
rooms could allow peer-to-peer and group counseling sessions and discussions on mental health-related topics.  
 
The researchers aim to collaborate with other stakeholders and robotics experts to develop a mental health chatbot 
integrated with a physical robot capable of expressing multimodal expressions and with multiple language support to 
accommodate all official languages in Zimbabwe. The chatbot robot could be developed and used as a social 
companion that can readily provide support and companionship to distressed individuals, thereby reducing social 
isolation and loneliness for introverted individuals who shy away from social gatherings and activities. The researchers 
also aim to integrate the chatbot with wearable devices that can detect signs of distress and provide individuals with 
personalized support and encouragement. 
 
5.4 Validation 
Validating the Chatbot performance was a crucial aspect of Chatbot development as it ensured that the chatbot 
performance fulfilled its objectives and helped provide improved user experiences. The validation was done through 
various performance tests during model training, Unit Testing, Integration Testing, System Testing, and the Likert 
Scale for user feedback. Figure 12 below shows validation during chatbot model training in which intents, story 
structure, utterances, and the uniqueness of the stories and intents are validated.  
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Figure 12. model training validation 
 

6. Conclusion 
This study introduced a mental health Chatbot for university students’ mental health support and encouragement. 
Chatbot was made to employ natural language understanding behavioral activation, and self-confidence training. This 
will help the students better manage their feelings, thoughts, and actions and improve their quality of life. The study 
also examined the effectiveness of mental health Chatbots in addressing and reducing mental health challenges among 
university students. The findings indicated users generally accepted the use of mental health Chatbots if they are not 
used as a standalone but as a complement for professional mental health services during times of distress and when 
they need some knowledge related to mental health and coping mechanisms. However, more research to fully 
understand the long-term effectiveness of chatbots in handling mental health issues can be further explored as the 
behavior of the chatbots differs and mental distress affects individuals differently. 
 
Furthermore, integrating a chatbot with existing university support systems is also necessary. There is also a need for 
University Program Recommendation systems such as (Ndlovu et al. 2023) in addition to considering personality type 
and academic results, to incorporate a student's mental health status. By understanding a student's current mental well-
being, the system could recommend programs or resources that can better support their academic success and overall 
well-being. This could include recommending programs that focus on stress management, time management, or study 
skills, depending on the student's specific needs. However, cyber security, privacy and awareness concerns need to be 
addressed to safeguard the use of these systems (Maguraushe 2024). This chatbot can be integrated with the 
Cybersecurity and Awareness Framework  (Mutunhu et al. 2022) to provide students with information on identifying 
and avoiding cyber threats, protecting their personal information, and practicing safe online habits. By promoting 
digital literacy alongside mental health support, the chatbot can contribute to a more well-rounded student experience. 
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