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Abstract

Small businesses often handle customer questions through
manual replies via chat applications or phone calls, causing
repetitive work, delayed responses, and inconsistent
information delivery. This study proposes a web-based FAQ
chatbot that answers user questions by performing semantic
search over an Indonesian FAQ knowledge base and ranking
the most relevant response. The chatbot applies a lightweight
information retrieval approach using TF-IDF vectorization
and cosine similarity to compute the relevance score between
the user query and FAQ entries (question and tags). The
system then selects the top-ranked FAQ entry and returns its
associated answer, meaning the semantic matching is
performed at the question-to-question level, not directly
between questions and answers. The top results are ranked,
and the chatbot returns the best answer along with a
confidence score and the top three candidate questions to
increase transparency. If the score is below a predefined
threshold, the system provides a fallback response and
suggests related topics rather than forcing an incorrect
answer. The system is implemented as a PHP-MySQL web
application with an administrator dashboard that supports
secure login, FAQ CRUD management, chat logging, and usage
analytics. Functional verification is conducted using black-box
testing across main modules, including authentication, FAQ
management, chatbot interaction, logging, and analytics
dashboards. The expected contribution of this work is a
practical and low-cost chatbot solution that can be deployed
by small businesses to reduce repetitive customer service
workload, accelerate response time, and provide measurable
service insights through log-based analytics. Future
improvements include expanding the knowledge base,
enhancing Indonesian text normalization, and adopting
embedding-based retrieval for better semantic matching.



mailto:author@email.com
mailto:aabiarmansyah12@gmail.com

1. Introduction

Small businesses often receive repetitive customer questions related to operating hours, services, warranty
policies, payment methods, and delivery options. In many cases, these inquiries are handled manually via chat
messages or phone calls, which can increase repetitive workload, slow response time, and create inconsistent
information delivery when message volume grows. Prior studies in MSME contexts report that customer
service handled through manual interactions can affect service responsiveness[1], and chatbot adoption is
frequently proposed to reduce routine workload and improve response speed in small-business customer
service processes[2].

Although chatbots are widely recognized as a solution to automate frequent inquiries, not all
implementations are suitable for small businesses. Many advanced approaches require labeled training data,
ongoing model maintenance, and additional infrastructure. For small businesses with limited resources, a
lightweight approach that remains easy to deploy, easy to update, and controllable in terms of answer
correctness is often more practical.

Recent studies show that retrieval-based FAQ chatbots using TF-IDF weighting and cosine similarity can
effectively match user questions to knowledge-base items and rank the most relevant answer[3]. This
approach has been applied in FAQ chatbot contexts for student admissions and organizational helpdesk
scenarios, indicating that TF-IDF + cosine similarity remains a strong baseline for practical deployments with
a curated FAQ database[4].

In Indonesian-language services, similar retrieval pipelines have been implemented for campus information
chatbots and virtual assistants using preprocessing and TF-IDF-based relevance scoring[5]. Beyond classic
TF-IDF, recent work also explores stronger semantic retrieval using Sentence-BERT (SBERT) with cosine
similarity to improve matching quality, reinforcing that similarity scoring and response ranking are central
mechanisms in FAQ chatbot design[6],[7].

Therefore, this study proposes a web-based FAQ chatbot for small businesses that applies TF-IDF-based
semantic retrieval and response ranking over an Indonesian FAQ knowledge base[8], complemented by a
confidence threshold to avoid forcing low-confidence answers. The novelty of this work lies not in the TF-IDF
baseline itself, but in the practical deployment-oriented design and measurable workflow, including: (1) a
transparent top-3 candidate suggestion mechanism presented to users when confidence is low, (2) an admin
dashboard for continuous knowledge-base refinement (CRUD + tags) combined with log-based analytics (top
queries, top matched FAQs, average score), and (3) an explainable debug view that exposes preprocessing
output, TF-IDF weights, and cosine similarity ranking to support evaluation and iterative improvement. These
components enable small businesses to maintain and improve the chatbot without retraining models, while
providing quantitative evidence from interaction logs to monitor retrieval quality

Therefore, this study proposes a web-based FAQ chatbot for small businesses that applies TF-IDF-based
semantic retrieval and response ranking over an Indonesian FAQ knowledge base[2], complemented by a
confidence threshold to avoid forcing low-confidence answers. The novelty of this work lies not in the TF-IDF
baseline itself, but in the practical deployment-oriented design and measurable workflow, including: (1) a
transparent top-3 candidate suggestion mechanism presented to users when confidence is low, (2) an admin
dashboard for continuous knowledge-base refinement (CRUD + tags) combined with log-based analytics (top
queries, top matched FAQs, average score), and (3) an explainable debug view that exposes preprocessing
output, TF-IDF weights, and cosine similarity ranking to support evaluation and iterative improvement. These
components enable small businesses to maintain and improve the chatbot without retraining models, while
providing quantitative evidence from interaction logs to monitor retrieval quality[9]. This paper contributes a
lightweight, explainable, and maintainable FAQ chatbot workflow for small businesses, combining retrieval
ranking, confidence control, and log-driven knowledge-base refinement in a PHP-MySQL implementation.



2. Research Method

his study applies an applied web-based system development approach to build an FAQ chatbot for small
businesses, starting from requirement identification, database and interface design, implementation, and
functional evaluation[10]. The system is implemented using PHP-MySQL, where the FAQ knowledge base is
maintained through an admin dashboard (CRUD), while user interactions are served through a chat interface.
The overall development flow follows practical deployment-oriented chatbot engineering patterns reported
in recent work on retrieval-based conversational systems and RAG-based virtual assistant development in
industry settings[11],[12]. TF-IDF weighting is applied to transform normalized text into numerical features,
as widely used in NLP tasks to represent documents for downstream scoring and classification[13].

For the chatbot answering mechanism, a retrieval and ranking pipeline is used: Indonesian text is normalized
(lowercasing, punctuation removal, tokenization, stopword removal, and light stemming), then the FAQ
documents (question + tags) are transformed into TF-IDF vectors, and user queries are ranked using cosine
similarity. The system returns the top answer with a similarity score, and logs every interaction for analytics.
Evaluation is conducted through 11 black-box functional test cases covering login, FAQ management (CRUD),
chat endpoint, logging, and dashboard statistics. To validate chatbot responses, we used 8 interaction logs
generated during trial usage and inspected the top-1 match, top-3 candidates, cosine similarity score, and
threshold decision (0.25). Response validity was confirmed by checking whether the returned FAQ matched
the intended topic and by reviewing the frequency of low-confidence fallback cases, FAQ management, chat
endpoint, logging, and dashboard statistics) and retrieval output checks using representative user queries.
This method is consistent with recent studies that evaluate chatbot response quality using vectorization +
cosine similarity and emphasize the importance of preprocessing and dataset curation for better retrieval
performance[14],[15].

In addition to the retrieval pipeline, the study applies a continuous improvement mechanism through admin
management and log-based monitoring. The FAQ knowledge base is updated by administrators via CRUD
operations, while every user interaction is recorded in the database (question, matched FAQ ID, similarity
score, and timestamp). These logs are then summarized in the analytics dashboard to identify frequently
asked questions, the most matched FAQ items, and the proportion of low-confidence queries that trigger
fallback suggestions. This feedback loop supports iterative refinement of FAQ content and tags, ensuring that
the chatbot remains accurate and relevant as customer needs evolve.
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Note: The system stores FAQs in MySQL and logs every chat interaction for analytics.

Figure 1. The proposed FAQs chatbot system

3. Result and Discussions

In the implementation results, the system successfully presents three core components that reflect the
proposed workflow. First, the public chatbot interface demonstrates the TF-IDF and cosine similarity
retrieval mechanism in practice: when a user submits a vague query such as “hallo,” the system does not force
an unreliable answer, but instead returns a fallback message and provides top-3 related FAQ suggestions that
can be clicked to guide the user; meanwhile, for a more specific query such as service duration, the chatbot
returns the most relevant FAQ answer and maintains a coherent conversation flow. Second, the Admin FAQ
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Management page confirms that the knowledge base can be updated dynamically through CRUD functions
(create, edit, delete) with search and tag support, allowing business owners to refine content without
modifying source code. Third, the Admin Statistics dashboard summarizes interaction logs and matching
performance—showing total chats, today’s chats, average similarity scores (overall and matched), the most
frequent user questions, and the most frequently matched FAQ items—indicating that logging and analytics
operate correctly and can support continuous improvement of FAQ coverage and retrieval quality.
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Figure 2. Web Chatbot

This figure shows the public chatbot interface where users ask questions and receive responses generated
through semantic search (TF-IDF + cosine similarity). The interface supports two output behaviors: when the
similarity score is low, the system returns a fallback message and provides top-3 related FAQ suggestions as
clickable buttons to help users reformulate or select a closer topic; when the query is sufficiently relevant, the
chatbot returns the best-matched FAQ answer directly. This design improves user experience by avoiding
forced incorrect answers while still guiding users toward available information in the knowledge base.
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Figure 3. Dashboard Admin

This figure shows the Admin Statistics dashboard that summarizes chatbot usage and retrieval performance
based on stored interaction logs. Key indicators include total chats, chats today, average similarity score
(overall), and average similarity score (matched), which help evaluate how confidently the system matches



user queries to FAQs. The dashboard also lists top user questions and top matched FAQs, enabling admins to
identify trending issues, detect unanswered/low-confidence topics, and prioritize FAQ improvements. Overall,
this page demonstrates that the system not only answers questions but also provides data-driven feedback
for continuous knowledge-base optimization.
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Figure 4. Debug Semantic Seacrh

Although Figure 4 is presented as a debugging view, it is included to provide traceability and transparency of
the retrieval mechanism, which is essential for validating a ranking-based chatbot. The figure explicitly shows
the intermediate outputs preprocessing tokens, TF-IDF query weights, and cosine similarity scores across
FAQs so readers can verify that the selected answer is produced by a reproducible scoring process rather
than an opaque rule. This visualization supports the scientific explanation by (1) demonstrating how input
normalization affects term representation, (2) showing which terms contribute most strongly to the query
vector, and (3) confirming that the chosen FAQ is the top-ranked item above the threshold. In addition, the
same outputs are useful for iterative refinement (e.g., adjusting stopwords/tags or threshold) based on
observed mismatches, thereby linking implementation evidence to retrieval evaluation.
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Figure 5. Admin FAQ Management

This figure presents the Admin FAQ Management page used to maintain the chatbot’s knowledge base. The
admin can perform CRUD operations (create, edit, delete) on FAQ items and manage supporting metadata
such as tags, which are used to strengthen matching during retrieval. The table view displays the FAQ list
along with timestamps (created/updated), and the search bar allows quick filtering by keyword. This module
ensures the system is maintainable and scalable, because knowledge updates can be done without changing
program code, enabling continuous refinement based on user needs.



The results indicate that the proposed system works effectively as a lightweight retrieval-based FAQ chatbot.
In the trial logs (N = 8 chats) with a 0.25 threshold, the system achieved an average similarity score of 0.4115
(overall) and 0.6584 for matched cases, indicating that most accepted matches were produced with relatively
strong similarity. These quantitative indicators, together with the logging and analytics dashboard, support
the effectiveness of the retrieval and ranking mechanism for practical FAQ automation: the admin dashboard
enables continuous knowledge-base updates (CRUD), while the chatbot interface applies similarity scoring to
avoid forcing low-confidence answers and instead provides top-3 related suggestions. This behavior is
consistent with recent retrieval-based chatbot implementations that employ TF-IDF and cosine similarity to
match user questions against FAQ data and improve the efficiency of information services, highlighting the
importance of structured FAQ data and log-driven improvement[16]. In addition, recent research on
retrieval-based chatbot designs for institutional information services emphasizes the value of retrieval and
ranking strategies (including similarity-based retrieval and evaluation) to maintain response relevance and
reliability when the knowledge base is curated and updated over time an approach that aligns with this
study’s logging and analytics module for identifying frequent queries and refining FAQ coverage[17].

To validate the proposed semantic search and response ranking approach, this study evaluates the system
from two perspectives: (1) functional correctness of the web application modules and (2) retrieval
performance of the FAQ matching mechanism. Functional verification used 11 black-box test cases covering
authentication, FAQ CRUD, chatbot request/response, logging, and analytics. A test case was marked Passed if
the observed output matched the expected output (correct page redirection/message, correct database
update, and correct access control), and Failed if the output deviated from the expected behavior or produced
an error. All functional test cases were executed in the same deployment environment and documented in
Table 1. conducted using black-box test cases covering authentication, FAQ management, chatbot interaction,
logging, and analytics. For retrieval evaluation, the 8 chats shown in Table 3 represent an initial
demonstration dataset collected during trial usage to verify that the retrieval pipeline (preprocessing, TF-IDF
weighting, cosine ranking, and the 0.25 threshold) behaves as intended. The goal of this stage is validation
and transparency, not large-scale benchmarking. Future work will expand the evaluation with a larger set of
queries and broader FAQ coverage to provide stronger statistical evidence. Key indicators include Top-1
correctness, Top-3 hit rate, fallback rate (queries below the threshold), and similarity-score statistics. In this
implementation, the chatbot applies a confidence threshold of 0.25, logs every interaction, and reports
aggregate statistics such as total chats and average similarity scores (overall and matched) to support
continuous improvement.

Tabel 1. Performance Evaluation

No Module / Feature Test Scenario Expected Output Result
1 Admin Login Correct username & password Redirect to admin dashboard  Passed
2 Admin Login Wrong credentials Error message, stay on login ~ Passed

page
3 Session Security Login process Session regenerated, admin Passed
session stored
4 FAQ Create Add new FAQ with valid data Data saved & shown in list Passed
5 FAQ Validation Empty question/answer Validation error shown Passed
6 FAQ Edit Update question/tags/answer Updated content displayed Passed
7 FAQ Delete Delete FAQ with CSRF token Data removed safely Passed
8 Chat Ask Endpoint Submit question via Ul Bot response returned Passed
(answer or fallback)
9 Fallback Mechanism Low similarity query Fallback + top-3 suggestions  Passed
shown

10 Logging Submit any chat query Row inserted into chat_logs Passed

11 Analytics Open statistics page Metrics and top lists displayed Passed




Tabel 2. Retrieval Evaluation

Top-1 Top-1 FAQ Cosine Threshold . .
User Query Matched Question Score (0.25) Decision Notes
FAQ (ID) (Short) )
“Biasanya .
Berapa larp 3 servis berapa 0.41707 0.25 Matched Shown in debug
waktu service " screen
lama?
Hallo - - <025 0.25 Fallback ~ >U8gesttop-3
(example) topics
Jam operasional
toko buka dari “Jam Typical exact
jam berapa 1 . " >0.25 0.25 Matched M
. operasional... FAQ match
sampai jam
berapa ?
<0.25 Not in FAQ KB
Berapa biayanya - - (lik;al ) 0.25 Fallback (pricing not
y stored)
. . “Melayani
Biza :(fr\gls 2 servis laptop 20.25 0.25 Matched S:eiiggerr;ﬁah
ptop - & komputer?”
Non-
Baptu saya - - <.0'25 0.25 Fallback informational
jawab (likely)
query
Tabel 3. Summary Statistics
Metric Value
Total chats 8
Chats today 8
Average similarity score (overall) 0.4115
Average similarity score (matched only) 0.6584
Threshold 0.25

As an additional note, the evaluation results confirm that the proposed approach is not only implementable
but also measurable: the system can be assessed through functional testing outcomes and log-based retrieval
indicators (similarity scores, matched frequency, and fallback behavior)[18],[19]. By combining a confidence
threshold with transparent top-3 candidate suggestions, the chatbot reduces the risk of incorrect answers
while still guiding users toward relevant topics. This makes the solution suitable for small-business
deployment, where knowledge-base updates are frequent and operational simplicity is essential, and it
provides a clear basis for future refinement using richer FAQ coverage and stronger semantic retrieval
methods. Future work will extend the evaluation using a larger query set and more systematic metrics,
following recent directions on structured evaluation frameworks for retrieval-augmented generation
chatbots[20].

4. Conclusions and Future Works

This study developed a web-based FAQ chatbot for small businesses that applies semantic search and
response ranking using TF-IDF and cosine similarity over an Indonesian FAQ knowledge base. The
implemented system successfully provides relevant answers for specific queries and applies a confidence-
threshold mechanism to prevent low-quality responses by returning fallback messages with top-3 related
question suggestions. The admin dashboard enables secure login, FAQ CRUD management, and log-based
analytics, allowing continuous improvement of FAQ coverage based on real user interaction patterns. Overall,



the results indicate that the proposed approach is practical, lightweight, and maintainable for small-business
customer service automation.
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