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Abstract 
Objectives - The main objective of the study is to understand the applicability of a 
reference-oriented chatbot in National Taiwan Normal University Library (NTNU 
Library). 

Methods - The study is divided into two parts: system development and questionnaire 
survey. 

Introduction 
With the prevalence of communication software and the advancement of natural 
language processing, one application of artificial intelligence that grabs a lot of 
attention is chatbots. Some libraries have implemented chatbots to provide a new type 
of real-time digital reference service to complement the instant reference service 
served by librarians, such as Xiaotu (小圖) in China Tsinghua (清華) University 
Library. However, there is rare research on the use of chatbots in library reference 
services in Taiwan. 

Digital Reference Service 
Reference services are an indispensable part of the library's reader service to help 
readers find information and meet their information needs. With the advancement of 
technology and the rapid development of the Internet, not only are technology 
products changed, but many readers have begun to obtain information in a convenient 
way from search engines and online databases such as Google. Such changes in 
readers' habits have had a major impact on reference services (Hisle, 2005, p. B6), 
and digital reference services are becoming more important. 

The digital reference service does not have a uniform definition. Although there are 
slight differences between the definitions, it is nothing more than the concept that the 
librarian provides services and the reader can obtain the required information in a 
digital manner. It is emphasized that although through the Internet, librarians assist in 
obtaining or providing information to readers rather than readers searching for 
themselves (Lankes, 2004, p. 7), the definition of digital reference service of this 
study will be taken by Su Shiao-Feng (2005) ‘‘Reference Service staff that uses the 
Internet to communicate with users who are not in the presence of a librarian to 
communicate information and deliver answers or documents.’’ 

Real-time Digital Reference Service 
Common digital reference services can be classified into asynchronous and 
synchronous according to the way the service is performed, and synchronous 
reference services is also called real-time digital reference service. It solves the space 
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and time limitation of the traditional reference service and the inability of the digital 
reference service to respond in time. It seems to be perfect, but the real-time reference 
service must have the librarian on standby, so there may be some problems, such as a 
large workload, unable to provide service during non-working hours and librarians 
can't play two parts at once (Yao Fei, Ji Lei, Zhang Chengyu, Chen Wu, 2011). The 
problems faced by the real-time digital reference service is that there is an urgent need 
for a synchronous and automated type of service, and the chatbot is just between the 
two, so this study wants to develop a reference-oriented chatbot. 

Chatbots 
Chatbot is a computer program (or artificial intelligence) that talks through 
conversations or text. It can simulate human conversations and pass Turing tests. It is 
recognized that the earliest chatbot is ELIZA, which was released by Joseph 
Weizenbaum in 1966. Although ELIZA is not really intelligent, it recognizes 
keywords based on the content input by the user and responds from the existing 
answers, thus creating the illusion that it is intelligent (Shah, H., Warwick, K., 
Vallverdú, J., & Wu, D., 2016; Chang Wen-Chong, 2017). 

There are three main keys to successful chat bots: (Sarkar, 2013) 

(1) A parser for understanding the input conversations from human.

(2) Understand the context of the conversation and other details.

(3) The reply for replying to the human counterpart in a way that he/she does not
feel that the chatbot is not a mere program.

In fact, these three key core technologies are natural language processing. If these 
three key technologies can be achieved, then the chatbot can pass the Turing test. 

Chatbots application in library 
This section will explore the application that based on reference services in foreign 
libraries (the actual case of Taiwan has not yet been found), LISA in University of 
Wolverhampton Library, Pixel in University of Nebraska-Lincoln Library, and Xiaotu 
in China Tsinghua University Library. 

LISA in University of Wolverhampton Library 
The university of wolverhampton library launched ASSIST (Available Simple 
Supportive Information Service Today) in December 2006, and found that readers 
often ask about basic and daily information of the library’s services. Due to the 
increasing proportion of electronic resources and the survey results in 2008, it was 
found that students would only find the information they needed and would not use 
the website deeply, that is, they would prefer to use Google to find answers. 
Therefore, LISA (Learning and Information Services Assistant), a chatbot, started a 
plan in December 2008 to assist LIS (Learning and Information Services). 

LISA allows user to input a brief natural language questions to ask questions. The 
chatbot's answer was collected and created from the QA records obtained from 
ASSIST, and the corresponding URLs are added to promote the underutilized 
information on the website content. Of course, the function of simple chit-chat also 
included. Its interface is presented on the website, with a dialog box on the left and a 
website page corresponding to the answer on the right. 
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After launching, the correct rate of answer is gradually increasing with more and 
more knowledge rules. Most of the problems encountered are related to how the user 
asks questions. For example, the user does not ask "the borrowing period of the 
book", but asks directly when the book expires, or a problem of polysemy. In 
addition, the reply of the chatbot is not attached with a URL, and is only presented 
directly on the right side of the interface, so that the user sometimes does not notice, 
or the user clicks on other text to trigger the chatbot to reply and the webpage 
disappears. Users are impressed with the chit-chat feature, so interacting with the 
chatbot allows them to discover more information available on the page. 

Pixel in University of Nebraska-Lincoln Library 
Technology changes the way people interact. Many students like to use social 
software. The University of Nebraska-Lincoln Library feels that chatbots can be used 
as a tool to attract young people, provide better reference services, and are very 
suitable for handling direction and predictability questions. That allow librarians to 
free up time to deal with more complex questions. Therefore, they started the chatbot 
"Pixel" project in October 2010 and successfully released it in February 2011. The 
"Pixel" interface is placed on the website and presented in an input box and previous 
conversations. 

"Pixel" allows users to input in natural language, and can immediately answer 
questions about library services and resources, including: resource guidance, FAQ. It 
also has the ability to integrate school and library resources, and the reply will attach 
links to make the conversation more complete. The users will be confirmed them 
questions with a guideline, such as: Let me know if you are looking for a book or 
article. 

The result of project found that "Pixel" is particularly attractive to people who prefer 
to use social software. They usually prefer to only chit-chat with chatbot instead of 
asking questions about libraries. So, it may be necessary to make some modifications 
to the categories in AIML to match the user's desire to interact with the chatbot and 
try to direct the conversation to the library-related area. 

Xiaotu in China Tsinghua University Library 
In order to solve the problem of real-time digital reference service, the Tsinghua 
University Library in China combined artificial intelligence with digital reference 
services to provide robotic digital reference librarians. In 2010, the virtual reference 
librarian "Xiaotu" was designed and released. The "Xiaotu" on the library website and 
the Renren network interface is an input box and a dialog with the previous 
conversation. In 2014, the "Xiaotu" application version was also launched. 

The main functions of "Xiaotu" are as follows: it can answer in a witty and relaxed 
tone; it can provide professional and authoritative answers to library-related 
questions; it can help readers search for books in Tsinghua University library 
collections; the self-learning function allows the user to teach "Xiaotu" and "Xiaotu" 
can be used immediately. 

The reason why the "Xiaotu" is popular is mainly the following two aspects: based on 
the reasoning mechanism, the "Xiaotu" can answer almost all the questions, and 
makes the readers have fun in a witty and relaxed tone; the teaching system allows the 
readers to participate in the achievement. The sense also makes the knowledge base 
more abundant and can respond more and more in a targeted manner. 
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The problem encountered is that ALICE has not yet had a large AIML Chinese 
knowledge base; indecent vocabulary has been trained to the corpus, and there are 
now a stopword and review mechanism; most users still pay attention to the "Xiaotu" 
chit-chat and teaching systems, there are very few real use reference services. 
Therefore, it is necessary to further explore the role of "Xiaotu" in digital reference, 
such as: promoting library services, guiding users, establishing personalized services, 
providing smart recommendation books, and better core technology improvements. 

In this section, "LISA", "Pixels" and "Xiaotu" are reference-oriented chatbots of 
university libraries, and are combined with the library's QAs records, all of which are 
well-received by students. The difference is that "LISA" will present the websites 
corresponding to the reply. "Pixel" has the function of integrating the entire resources 
of the school and the library. The "Xiaotu" only adds the library collection query 
system; "Xiaotu" has a teaching system for users to train and "LISA" and "Pixels" do 
not. The chatbots in the university library seem to be mostly used as auxiliary tools, 
and are more suitable for website guidance, direction and ready reference questions. 
The feedback can be used for the construction of reference-oriented chatbots in this 
study. 

Research design 
The main objective of the study is to understand the applicability of a reference-
oriented chatbot in National Taiwan Normal University Library (NTNU Library). To 
achieve this objective, a reference-oriented chatbot will be developed. This chatbot 
can chit-chat with users and respond to the chat messages given by users in an 
anthropomorphic manner; in addition, it can query the online public access catalog 
(OPAC), frequently asked questions (FAQs) and some Web services to answer 
questions. After the chatbot is developed, user evaluation will be conducted to 
understand its feasibility. 

The study is divided into two parts: system development and questionnaire survey. 

System	development	
The proposed system architecture is divided into three layers. The first layer is the 
user interface. A user can send a message from NTNU Library LINE@, and the 
message will be received and judged in the message control layer, and then enter the 
third layer, the natural language question answering system. This layer contains 
functions of OPAC query and corpus retrieval. Finally, the response is returned to the 
user interface through the message control layer (see figure 1). 

The development platform will be used by the chatbot in this study is LINE bot, and 
Python and AIML for programming. The reference records and FAQs of NTNU 
Library will be sorted and captured keywords, and then converted into AIML 
knowledge rules. The AIML knowledge rules in the system of study also including 
two more categories, social talk and OPAC query. 
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Figure 1. The system architecture of study 

Questionnaire	survey	
On the basis of the technology acceptance model (TAM), a questionnaire will be 
designed. Google Form will be employed to collect the responses. Participants of the 
questionnaire will be sampled from NTNU students (about 15,000) by stratified 
sampling. After using the chatbot developed in this study, they will fill out the 
questionnaire. Then, the questionnaires will be analyzed by SPSS. 

Research	process	
The research process will have nine steps (see figure 2), and I have tried the function 
of OPAC query and combined with AIML, but I have encountered some problems. 
Template, the tag in AIML, the text in the tag cannot be wrapped, so that the text 
output in LINE will stick together. I have thought of two solutions, the first one is 
replaced by AIML2.0, but there is still a problem that is not friendly to traditional 
Chinese. Another way is to change the system architecture, the OPAC query function 
is not through AIML, but is handled by the LINE Bot API. 

Figure 2. The research processes 
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