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[T I N

Abstract: Large language models (LLMs) have demonstrated remarkable capabilities in natural lan-
guage processing tasks, including conversation, in-context learning, reasoning, and code generation.
This paper explores the potential application of LLMs in radiological information systems (RIS) and
assesses the impact of integrating LLMs on RIS development and human—computer interaction.
We present ChatUI-RIS, a prototype chat-based user interface that leverages LLM capabilities to
enhance RIS functionality and user experience. Through an exploratory study involving 26 medical
students, we investigate the efficacy of natural language dialogue for learning and operating RIS.
Our findings suggest that LLM integration via a chat interface can significantly improve operational
efficiency, reduce learning time, and facilitate rapid expansion of RIS capabilities. By interacting with
ChatUI-RIS using natural language instructions, medical students can access and retrieve radiology
information in a conversational manner. The LLM-powered chat interface not only streamlines user
interactions, but also enables more intuitive and efficient navigation of complex RIS functionalities.
Furthermore, the natural language processing capabilities of LLMs can be harnessed to automatically
generate code snippets and database queries, accelerating RIS development and customization. Pre-
liminary observations indicate that integrating LLMs in RIS has the potential to revolutionize user
interface design, enhance system capabilities, and ultimately improve the overall user experience for
radiologists and medical professionals.

Keywords: large language model (LLM); radiological information system (RIS); human-computer
interaction

1. Introduction

Human—computer interaction (HCI) plays a crucial role in determining the usability
and reliability of various information systems in hospitals [1]. The development of intuitive
graphical user interfaces (GUISs) has led to significant advancements in HCI, resulting in
more efficient and user-friendly software interfaces [2,3], such as streamlined navigation,
optimized layout, and enhanced feedback mechanisms. Existing Radiological Information
Systems (RIS) rely on GUISs as the primary interface for users. However, despite efforts
to tailor interfaces of RIS to specific needs, challenges related to usability and workflow
efficiency persist [4,5]. Specifically, radiologists often face cumbersome navigation pro-
cesses, requiring multiple clicks and significant time to access pertinent information [6].
These inefficiencies lead to workflow inconsistencies and hinder radiologists” productivity.
Furthermore, the complex operating logic in RIS interfaces results in intricate function logic,
posing challenges for both experienced professionals and trainees [7,8]. The steep learning
curve associated with understanding operational procedures and system component logic
underscores the need for optimizing HCI in RIS to enhance user experience and efficiency.
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The emergence of large language models (LLMs) has provided new solutions for
HCI [9], with natural language-based interfaces becoming increasingly familiar to users [10].
LLMs exhibit impressive capabilities in tasks such as question answering, text generation,
summarization, and human language understanding [11-14]. Moreover, LLMs demonstrate
proficiency in reasoning and planning tasks [15,16], comprehending task objectives, refining
tasks, and enabling automatic execution through API calls [17-20]. In the radiology domain,
LLMs have been employed to interpret radiology reports [21], and further research has
explored infusing LLM prompts with UI design in the prototyping process to reduce the
creation time of functional prototypes [20]. Motivated by these advancements, we propose
leveraging LLMs in the user interface of RIS to enhance the interaction. Our vision is
to harness the understanding, planning, and coding capabilities of LLMs to address the
challenges associated with learning and operating RIS. To be more specific, this work
explores the following research questions:

*  How can the integration of LLMs facilitate RIS function operation?

* In what ways can LLMs assist trainees in effectively learning RIS functional logic?
e How can an LLM-integrated user interface help trainees operate RIS more easily?
¢ Can LLMs extend the capabilities of RIS beyond their current scope?

To address these questions, we conducted an exploratory study, and found that:

1. A chat-based user interface (ChatUI) could successfully complete three core RIS
function operations.

2. Infusing LLMs into RIS has the potential to reduce learning costs and increase learning
efficiency for trainees.

3.  Combining ChatUI with LLMs may help trainees reduce operation times and mini-
mize failure rates.

4. LLMs can expand the statistical analysis capabilities of RIS by leveraging their gener-
ating, summarizing, and planning abilities.

2. Related Works
2.1. Radiological Information Systems

RISs are crucial components of modern healthcare infrastructures, facilitating the
management of radiological images, patient data, and workflow processes. With the
increasing popularity of computers, RISs designed with GUIs has become more familiar to
patients and physicians and are still widely used today. Several studies have investigated
the usability and user experience of RISs [22-24]. Inadequate workflow support, inefficient
system operation, and insufficient user-centered interface design have been identified as
factors contributing to poor user experience in RISs [24]. In particular, poor interface design
elements such as disappearing control buttons, the need to memorize menu and button
names and commands, and repeated operations to perform routine tasks have shown a
strong correlation with suboptimal user experiences [23]. The integration of radiology
and hospital information systems has led to the concentration of massive patient data
from other systems into RISs in real-world scenarios, resulting in more complex workflow
optimization [25]. This complexity is reflected in user interfaces (Uls) that incorporate
multi-operation pages and numerous Ul elements [24]. These intricate user interfaces have
increased staff workload and decreased work efficiency [26]. Recent research has explored
the integration of advanced technologies, such as Al and NLP, to improve HCI in RIS
systems [27-30].

2.2. Large Language Models

Large Language Models (LLMs) are advanced Al models designed to understand
and generate human-like text [31]. A well-known example of an LLM is the Generative
Pre-trained Transformer (GPT), developed by OpenAl [32]. GPT models are capable of
performing a wide range of language tasks, including text generation [12], translation [33],
summarization [14], and question answering [34]. In the healthcare domain, LLMs have
been used for various tasks, such as summarizing reports [21], providing medical ad-
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vice [35], analyzing mental health [36], and answering medical questions [37]. These studies
have demonstrated the great potential of LLMs in handling healthcare-related tasks.

For instance, RaDialog [38], an interactive domain-specific large vision-language
model, pairs LLMs with radiology images to generate comprehensive radiology reports and
facilitate real-time conversations with radiologists. RaDialog’s capabilities in interactive
tasks, such as report correction, summary generation, discovery prediction, and answer-
ing questions, represent foundational steps toward a clinical dialogue system for LLMs.
Effective and timely human-computer interaction is crucial for the efficient operation
of healthcare systems. LLMs, with their strong conversational abilities, show immense
potential in enhancing HCI within RIS systems.

2.3. Natural Language-Based Human—Computer Interaction with LLMs

A common feature of LLMs is the use of natural language to communicate with
humans, as exemplified by ChatGPT. This type of natural language-based human-computer
communication represents a new form of HCI [39]. Researchers have explored this new HCI
paradigm using LLMs in several domains. For example, PromptInfuser [20] demonstrates
the possibility of using LLMs that incorporate the power of prompts to create functional
UI mock-ups. TaskMatrix.Al [40] explores the feasibility of LLMs autonomously handling
complex tasks in the context of natural language dialogue. These studies highlight the
great potential of LLMs for HCI. However, the application of LLMs as user interfaces in
RIS systems has not been thoroughly investigated in previous works.

3. Methods

In this section, we elaborate on the details of a ChatUI-RIS system based on LLM as
the interface, with a user interaction page designed using a chatbox element and a system
function workflow controlled by the LLM. The LLM calls API interfaces to process user
instructions. As shown in Figure 1, the overall architecture of the ChatUI-RIS system
consists of the following three components:

1.  LLM as Interface: the LLM serves as a unified interaction interface for communicating
with users, understanding their context, and presenting results based on the LLM’s
processing.

2. LLM as Controller: the LLM is responsible for designing RIS system-specific task
plans, selecting relevant APIs, and generating the corresponding API calling code.

3. LLM as Executor: the LLM follows the specific task plan, executes the generated
action codes, and returns the final execution results.

The LLM-based interface component provides a natural language communication
channel between the user and the RIS system. By leveraging the LLM’s language under-
standing capabilities, the system can interpret user queries, instructions, and context to
provide appropriate responses and guide the user through the interaction process. The
controller component utilizes the LLM’s reasoning and planning abilities to design task-
specific workflows within the RIS system, which can analyze user requirements, identify
the necessary system functions, and select the appropriate APIs to accomplish the desired
tasks. The LLM then generates the code required to call the selected APIs, enabling the
system to perform the requested actions. Finally, the executor component takes the task
plan and generated code from the controller and executes the actions by invoking the
appropriate API calls. It manages the execution process, handles any intermediate results
or errors, and returns the final output to the user through the LLM-based interface.



Electronics 2024, 13, 2002

40f21

LLM as Interface

&

LLM as Controller

LLM as Executor

& Hi,i want to make an U o WER IR
appointment for a . . "
radiological examination. [ . Assess whether the user Step1: Get the RIS operation Completions API
request is related to the instruction category.
function of the RIS. If not, Step2: Obtain data table name RIS database API
If you want to schedule an ask the users if they want to and field information in RIS
@ appointment for a be involved in the operation database.
radiological examination, you of the RIS.
can provide some necessary @
information: @ 1. API Selection
Full name, Date of birth,
Contact detal‘ls, aqd any 1. Assess whether the ;\PI Document: AP! Seloctor
relevant medical history. patient information entered API Name:
by the user is perfect or not. AP Description:
If not, guide the user to enter ® AP| Parameter:
& Patient name is Zhang San, the required information. Usage Example:
and medical card ID is 9 ple:
123456. }
® = 5 API Executor
1I. API Execution
Appointment ID: 001002 Prompt: Generate execution ReadjjWiite
@ Patient Name: Zhang San code to complete the
Examination Item: Lung CT I appointment examination
Examination Date: 2023-10-01 i
Examination Time: 15:00-17:00 Ask about the form in which operation according to the API
1 document.
the results will be presented DB

to user. /. Response Formatting @

=

input

—  output

Prompt: Format executor

Flow between modules results in structure text.

Flow in modules.

Figure 1. An overview of the proposed ChatUI-RIS. Firstly, the LLM as an Interface component
interacts with users through natural language, understanding their requests and presenting results.
Then, the LLM as Controller assesses the user’s request, designs task plans, selects relevant APIs,
and generates API calling code. Finally, the LLM as Executor follows the task plan, executes the
generated code, and returns the final results to the user via the interface. The system leverages the
LLM'’s language understanding, reasoning, and execution capabilities to provide a conversational,
user-friendly experience for interacting with the RIS.

3.1. LLM as Interface

The LLM as Interface component serves as the human—-machine interface of our RIS,
enabling users to interact with the system through natural language conversations. This
interactive mode can respond promptly and clearly when user input is ambiguous or out of
scope, providing a user-friendly experience. The LLM interface component has two main
capabilities. First, it performs task categorization and information assessment by taking
user instructions and conversational context as input to understand the user’s intention and
assess whether the instruction falls within the RIS’s functionality. Users may potentially
provide instructions that are unrelated or outside the system’s scope; the LLM as Interface
component leverages its understanding of the conversational context to categorize these
instructions. If the task aligns with the RIS’s capabilities, the LLM proceeds to the next
step; otherwise, it replies to the user based on its role setting and guides them to provide
a valid instruction. The LLM then parses the user’s instruction again and estimates the
adequacy of the information provided for task execution. If the user’s input satisfies the
task completion requirements, the LLM interface sends the parsed task to the subsequent
LLM as Controller component. If additional information is needed, the LLM interface
prompts the user and provides examples to clarify the requirements. Second, the LLM
interface presents the execution results to the user in a format suitable for the specific task
type. As different tasks have non-uniform output formats, the LLM interface reformats the
execution result according to preset task settings, ensuring that the results are clear and
easily understandable for the user.

By leveraging its natural language understanding capabilities, the LLM as Interface
component interprets user instructions, assesses task categories, and determines the neces-
sary information for task execution. This allows users to interact with the system using
natural language, even if their initial instructions are ambiguous or incomplete. The LLM
as Interface component guides users by requesting additional information and providing
examples when needed, ensuring that tasks can be accurately understood and processed by
the system. Moreover, by adapting the output format based on preset task settings, the LLM
as Interface component ensures that the results are easily comprehensible and actionable
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for the user. This tailored presentation of results enhances the overall user experience and
facilitates effective communication between the user and the RIS.

3.2. LLM as Controller

The LLM controller component is the core of our proposed ChatUI-RIS, responsible
for controlling the execution flow of each task. The LLM controller leverages its generating,
reasoning, and planning capabilities to create task plans, select the most suitable APIs,
generate API execution code, and format execution results in structured text. The controller
consists of four main parts:

¢  Task planning: The LLM receives user inputs from the LLM as Interface component
and plans the task completion steps and execution. These steps include recognizing
the task instruction category, assessing the integrity of key data required for task
execution, deciding when and how to call APIs, inferring SQL operations based on
the task instruction category, and analyzing access to databases and tables using key
task data.

e APIselection: When the task plan indicates the need to call an API, the LLM controller
sends an API calling request to the subsequent LLM as Executor component. The
Executor identifies the specific task APIs and sends back API-calling documents to
the LLM as Controller component, which contains essential information including the
API's name, function description, input and output parameters, and usage examples.
The LLM controller learns from these documents to select the most appropriate APIs
for each task.

¢ APl execution: LLMs possess a powerful code-generation capability, which is utilized
by the controller to generate executable action code that satisfies the task instructions
according to the API documents. The generated action code is then sent to the LLM as
Executor component for API execution. This process ensures that the selected APIs
are properly invoked and executed to accomplish the desired task.

*  Response formatting: The raw execution results may not be directly usable or easily
understandable by the user. To address this, the LLM controller employs its in-context
understanding ability to transform the structured text output into human-readable
text. This formatted response is then sent back to the LLM as Interface component
for presentation to the user. By converting the results into a more comprehensible
format, the LLM as Controller component enhances the user experience and facilitates
effective communication of the task outcomes.

The task planning phase is crucial for determining the necessary steps and data
required for successful task execution. The LLM as Controller component analyzes user
inputs, recognizes task categories, assesses data integrity, and makes informed decisions
on API invocation and database access. During the API selection phase, the LLM as
Controller component collaborates with the subsequent LLM as Executor component to
identify and learn about the specific APIs needed for each task. By receiving detailed API
documents, the LLM as Controller component can make informed decisions on which APIs
to use, ensuring that the most appropriate and efficient APIs are selected for each task.
The API execution phase capitalizes on the LLM’s code-generation capabilities to produce
executable action code based on the selected APIs and task instructions. This generated
code is then sent to the LLM as Executor component for execution, ensuring that the APIs
are properly invoked and the desired task outcomes are achieved. Finally, the response
formatting phase utilizes the LLM’s in-context understanding ability to transform the
structured execution results into human-readable text, which enhances the user experience
by presenting the task outcomes in a clear and easily comprehensible manner.

3.3. LLM as Executor

This component is responsible for retrieving APIs and executing API calling code to
interface with the RIS system database and other third-party platforms. It contains two
main functions:
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* APl selector: The API selector parses the API calling request from the LLM as Con-
troller component and identifies suitable APIs based on the available API library. It
leverages the LLM’s understanding and modular strategy to retrieve task-related
APIs that align with the calling requirements and task planning. The retrieved API
documents, which include essential information such as the API's name, function
description, input and output parameters, and usage examples, are then sent back to
the Controller component. This process ensures that the most appropriate APIs are
selected for each task, enabling efficient and accurate execution.

*  API executor: The API executor receives the action code generated by the LLM
as Controller component and executes it to run the selected APIs. The APIs can
range from simple HTTP requests to more complex operations such as Text-to-SQL
algorithms or ML or DL models that require multiple input parameters. The API
executor ensures that the generated code is properly executed, interfacing with the
RIS database and other third-party platforms as necessary. This execution process is
crucial for retrieving data, performing calculations, and carrying out the desired tasks
based on the user’s instructions and the task planning.

After completing the API execution, the LLM as Executor component provides feed-
back on the execution results to the previous LLM as Controller component. The results
are delivered in a structured text format, which requires further processing by the LLM as
Controller component to transform them into human-readable responses.

4. User Study
4.1. User Study Overview

We conducted an exploratory user study to verify our three hypotheses.

Hypothesis 1. An LLM, when used as a human—machine interface, can effectively support RIS
operations.

Hypothesis 2. A natural language chat interface can help users understand RIS function logic
more easily.

Hypothesis 3. A natural language chat interface can enable users to operate RIS functions more

efficiently.

The user study consisted of five parts:

1.  Function selection: We chose three major functions in the RIS system (examination
appointment, report retrieval, and data analysis) as the focus of the user study. We
created all the necessary test data and stored it in a local database. The test data
consisted of sample case data used in medical teaching, rather than real clinical data.
Test data for the user study includes patients” demographic information and diagnosis
information, where we only choose related columns for the user study, for example:
patient ID, gender, age, inspection item, examination date, and so on. The parts of test
data are shown as Table 1.

2. Demo program development: we developed a demo program that included the three
main RIS system functions, with two human-machine interface links.

3.  Experiment design: We designed the experiment to include three tasks, each corre-
sponding to one of the functions in the demo program. We also created task test
questionnaires to collect user test data.

4. Experiment implementation: the formal experiment involved recruiting participants,
preparing and conducting the experiment, and collecting questionnaires.

5. Data analysis: finally, we analyzed the collected questionnaires to verify whether our
hypotheses held true.
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Table 1. The parts test data of demo program.

PatientID Gender Age Inspection Item Examination Date Diagnosis
20110153729 M 37 X-ray 22 May 2019 clavicle fracture
20192844100 F 19 CT 7 January 2020 pneumonia
17934006876 F 51 X-ray 14 August 2021 pulmonary tuberculosis
20114596237 M 48 X-ray 5 November 2020 radius
20486229815 M 42 Ultrasound 23 March 2021 uterine leiomyomatosis

4.2. Prototype Implementation

We chose examination appointment, report retrieval, and data analysis, which are the
main modules of the RIS, as the focus of our prototype implementation. The prototype
integrates both a GUI and a ChatUI for comparison. The GUI interface consists of three
panels for each functionality, designed to resemble a real RIS. Extra buttons were removed,
and only necessary components were retained, so as to streamline the user experience
in GUI. Figure 2a—c illustrates the GUI interface of our prototype implemented for the
user study. In contrast, the ChatUI interface features all functions with a unified interface,
with a design inspired by ChatGPT (https:/ /openai.com/blog/chatgpt/ (accessed on 1
May 2024)).

The interface includes a dialogue area, a text input box, and a submit button, as shown
in Figure 2d. The prototype was developed using Python, 3.8.13 and the front-end pages
were created using the Gradio (https://www.gradio.app/ (accessed on 1 May 2024)) tool.

Here is an example to illustrate how interaction through GUI interface and ChatUI
interface, as shown in Figure 3.

To ensure the ChatUI interface information is true and valid enough, we design
prompts to help our system understand user requests clearly and respond based on facts.
When the user visits the ChatUI interface, the chatbot shows RIS function task entry points
with labels. When the user chooses one of the RIS tasks, the chatbot will prompt the user
and provide examples to clarify the requirements. If the user does not choose the task
label and types their request directly, the chatbot will assess first whether user instructions
fall within the RIS’s functionality. If the user has unrelated instructions or is outside the
system’s scope, the chatbot will deny the user’s request by friendly reply. The chatbot will
parse the user’s instructions again and estimate the adequacy of information provided by
the user further. It will continue prompting the user to type more information until the
chatbot collects enough data to execute the task. Before providing chatbot feedback on
execution results, we added a strict answer-verify prompt to constrain the chatbot to only
generate result content from data retrieved from the RIS database and refuse to make up
data. If there is no data retrieved, the chatbot will truthfully reply with no relevant content.
In that case, the chatbot only replies with task execution results based on the data acquired
from the local database, reducing the occurrence of nonsense.
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Figure 2. User interfaces of the prototype implemented for our user study. (a) The examination tab of
the GUI interface is designed to resemble a real RIS, with streamlined components and functionality.
(b) The report retrieves the tab of the GUI interface. (c) The data analysis tab of the GUI interface.
(d) The ChatUI interface, inspired by ChatGPT, features a dialogue area, text input box, and submit
button for natural language interaction with the system.
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Figure 3. The interaction through the GUI interface and ChatUI interface. For the GUI interface, first,
find the task tab of the demo when getting the task; then, type the input fields according to input item
labels and click the submit button; finally, the GUI interface feedback on the task operation result with
a pop-up window. For the ChatUI interface, first, type instructions in the input box after getting the
task; then, type the necessary information according to the chatbot prompt; finally, the GUI interface
feedback on the task operation results in a reply.

4.3. Questionnaire Design

To comprehensively evaluate the two interaction methods (GUI and ChatUI) in our
prototype, we designed a questionnaire focusing on three key aspects: functional integrity,
learning difficulty, and ease of operation. The functional integrity component of the ques-
tionnaire assesses the effectiveness of the two interaction methods in implementing the
core functionalities of the RIS system. This evaluation aims to test our first hypothesis (H1),
which posits that natural language dialogue interaction can successfully support the opera-
tion of an RIS. By comparing the functional performance of the GUI and ChatUI interfaces,
we can determine the extent to which the ChatUI method can fulfill the essential functions
of the RIS. The learning difficulty aspect of the questionnaire investigates the differences
in the learning process between the two interaction modes. This assessment is designed
to test our second hypothesis (H2), which suggests that a natural language chat interface
can facilitate a more intuitive understanding of the RIS’s functionality. By comparing users’
learning experiences with the GUI and ChatUI interfaces, we can evaluate the potential
of the ChatUI method to reduce the learning curve associated with RIS operation. Finally,
the ease of operation component of the questionnaire examines the perceived difficulty of
using the two interaction modes and compares their relative popularity among users. This
evaluation tests our third hypothesis (H3), which proposes that a natural language chat
interface can enhance the efficiency of RIS function operation.

4.4. User Recruitment

Given the highly specialized nature of the RIS and the specific requirements for its
operators, we established a set of criteria for recruiting participants to ensure the fairness
and validity of the experiment. The recruitment criteria were as follows:
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e Participants must have a background in the medical field, including those who have
worked in a hospital’s imaging department, whose research focuses on the medical
domain, or whose specialization is in a medical-related field.

e Participants should not be experts in the field of medical imaging.

*  Participants should not be staff members of a hospital’s imaging department with
more than one year of working experience in the field.

The rationale behind excluding field experts and experienced staff was to mitigate
the potential confounding effects of their familiarity with RIS systems on the experimental
results. Participants with extensive prior knowledge or experience could introduce bias and
hinder the accurate assessment of the learning curve and usability of the GUI and ChatUI
interfaces for novice users. Following the establishment of the recruitment criteria, we
successfully recruited 26 participants for the study. To ensure the suitability of the recruited
participants, we conducted a background survey to gather information about their medical
field experience, expertise in medical imaging, and familiarity with RIS. This background
information was used to verify that the participants met the recruitment criteria and to
provide context for interpreting the experimental results.

4.5. User Study Workflow

Before formally conducting the experiment, it is crucial to provide participants with
an introduction to the experimental procedures and familiarize them with the system. We
conducted user training sessions to present a detailed overview of the experiment flow,
which consists of six steps (Figure 4).

1.  Introduction to the experiment background and objective: We introduced the partici-
pants to the experiment’s background and the main objective, which is to determine
whether the ChatUI interaction, empowered by large language models, can offer a
more intelligent and efficient solution for human—computer interaction tasks com-
pared to the traditional GUI interaction. By providing users with a clear understand-
ing of the purpose of the experiment, they can better compare the two interaction
methods.

2. Overview of the experiment content: The experiment consists of three tasks: (1) a
radiological examination appointment test, (2) a radiological report retrieval test, and
(3) a data statistical analysis test. Participants were informed about the nature and
scope of each task.

3. User background survey: We conducted a background survey to collect information
about the participants” experience and expertise. This survey helps us better under-
stand if the participants’ backgrounds influence their interaction with the system.

4. Random assignment: We designed two experimental conditions to avoid any potential
bias due to the order of interaction with the two systems. In the experimental group
(ChatUI interaction), participants used the ChatUI system, while in the control group
(traditional GUI interaction), participants used the GUI system. The conditions were
assigned randomly to the participants:

*  Condition 1: a subset of participants performed the experimental group test first,
followed by the control group test.

* Condition 2: a subset of participants performed the control group test first,
followed by the experimental group test.

5. Experiment execution: after assigning the groups and operating conditions, the par-
ticipants formally conducted the experiment.

6.  Experiment feedback: upon completing each group test, participants filled out a
feedback survey to record their experiences and impressions of the interaction method.

After finishing all group tasks, participants completed a user experience feedback
questionnaire to document and score their experiences and feelings regarding the two
interaction methods. In addition to introducing experiment flow, we also informed partici-
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pants how to duel with operation error. They were permitted to look up guides during the
experiment. We recorded the flipping times and task operation times.

Condition #1 | Condition #2
' l
' Baseline Chat-Ul Method
Welcome & Intro to Study | |
Baseline Feedback Chat-Ul Feedback
Familiarity with | |
S Chat-Ul Method Baseline
! !
User Back ds
SIS SENE) Chat-Ul Feedback Baseline Feedback
) ' ;
Random Assign User Experiment Feedback
[

Figure 4. The six-step user study workflow.

5. Experiment Result

We present four studies to demonstrate the successful application of our approach.
The first study investigates whether an LLM-based human-machine interface can effectively
support RIS operations. The second study explores whether a natural language chat
interface can facilitate an easier understanding of RIS function logic. The third study
examines whether a natural language chat interface can enhance the efficiency of RIS
function operation. Finally, the fourth study assesses the capability of the chat interface
method to perform additional ML data analysis functions.

5.1. Study 1: Feasibility of LLM-Based Chat Interaction in RIS

This experiment aims to demonstrate that users can directly operate the RIS through
a chat interface, addressing the question of whether chat interaction can be successfully
employed in an RIS.

5.1.1. Study Design

The experiment involved 26 subjects divided into two groups. Group 1 tested the GUI
interface first, followed by the ChatUI interface. Conversely, Group 2 tested the ChatUI
interface first, then the GUI interface. Each subject tested a total of six functions, three with
GUI and another three with ChatUI. All subjects used identical experimental conditions
and machines for the testing and evaluation sessions. The experimental manipulations
were introduced during the evaluation session, and the questionnaire was administered
under the same computer conditions as the testing and evaluation sessions. Subjects tested
three functions, respectively.

5.1.2. Study Results

The results showed that, despite the chat interface being built simply based on an
LLM model, subjects were able to accurately operate the RIS system after brief training. As
predicted, when assessing the Chat HCI performance under the same computer conditions,
most subjects successfully completed RIS system tasks via the chat box (Figure 5). These
findings support our hypothesis that users can directly operate the RIS system through a
chat interface.
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Figure 5. Success rate of task operation using ChatUI and GUI interfaces. The graph compares the
performance of ChatUI and GUI for three different tasks. The success rate is consistently high for
both interfaces across all tasks, demonstrating the feasibility of using ChatUI for RIS operations.

5.2. Study 2: Chat Interface for Easier Understanding of RIS Function Logic

This experiment investigates whether a natural language chat interface can help users
understand RIS function logic more easily. We aim to demonstrate that users can learn RIS
function logic more effectively through agent prompts built based on LLMs.

5.2.1. Study Design

In this experiment, the 26 subjects were allocated to the same groups as in Study
1. Before the experiment, subjects were pooled together to receive a brief guideline in-
troduction about the demo program functions. All subjects used the same experimental
conditions and machines for the testing and evaluation sessions. During the test session,
subjects were tested on three tasks using both the ChatUI interface and GUI interface. Each
subject needed to remember the number of times they looked up the guidelines (Table 2,
indicator 2) while operating. Indicator 2 was recorded in the questionnaire for assessing
the testing. During the evaluation session, subjects evaluated the learning experience of
both interfaces based on their manipulation experience (Table 2, indicator 3).

Table 2. The main indicators of 4 studies.

Study Number Index
1 indicator 1: Task success or not
” indicator 2: Look up guideline

indicator 3: Learning hard degree

indicator 4: Operation times
3 indicator 5: Operation failure times
indicator 6: Operation time

4 indicator 7: Data analysis

5.2.2. Study Results

The experiment revealed that, in the “Chat interface” condition, most subjects (17 out
of 26) could complete the tasks without referring to the guidelines. In contrast, in the “GUI
interface” condition, only a few subjects (10 out of 26) completed the tasks without looking
up the guidelines. Furthermore, the “GUI interface” condition had a higher percentage of
subjects who flipped the guidelines two or more times compared to the “Chat interface”
condition. The agent prompt could correctly guide subjects through tasks step-by-step,
reducing the need to memorize all functional logic and thereby shortening learning time.
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To analyze the subjects’ learning efficiency in both conditions, we conducted a statistical
analysis of the Study 2 questionnaire. The results of analyzing indicator 3 showed that
88.5% of subjects found the method of prompting function logic in a chat format easier
to learn, while 80.8% of subjects still considered the window-button approach relatively
acceptable (Figure 6). Hence, a simple Ul and accurate prompts can help users better
understand task workflows and sequential logic, facilitating easier learning progress.

GUI Interface Learning Support ChatUl Interface Learning Support
= b 3 Hard
T - _— ~ ~ == Easy
e ‘\\\ /”/ N
v y/ N\
' 19.2% / 11.5% ‘
| |
‘ ) |
80.8% / \ /
88.5% /
/ \ 4
AN 4 . Y
(@) (b)

Figure 6. User evaluation of learning support for GUI and ChatUI interfaces. The majority of subjects
(88.5%) found the ChatUI interface easier to learn compared to the GUI interface (80.8%), despite
most subjects using ChatUI for the first time. This suggests that the natural language prompts in
ChatUI facilitate a better understanding of RIS function logic. (a) Evaluation of the GUI interface
learning support. (b) Evaluation of the ChatUI interface learning support.

When subjects were accustomed to the GUI operation interface, they demonstrated
a higher support rate for the Chat interface, despite most subjects using it for the first
time. To further investigate the learning process, we analyzed the number of times subjects
looked up guidelines for both interfaces. The Chat interface, which draws users’ attention to
learning function logic through agent prompting, had a lower learning difficulty compared
to the GUI approach (Figure 7). These findings confirm our hypothesis that the chat
interface can help users understand RIS function logic more easily.

p=0.037

Leaning Difficulty Degree

T
ChatUl GUI
Interfaces

Figure 7. Comparison of learning difficulty between ChatUI and GUI interfaces. The ChatUI interface,
which guides users to learn function logic through agent prompting, demonstrates a significantly

lower learning difficulty compared to the GUI approach. This result supports the hypothesis that the
chat interface can facilitate an easier understanding of RIS function logic.
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5.3. Study 3: Chat Interface for More Efficient RIS Function Operation

This experiment investigates whether a natural language chat interface can help users
operate RIS functions more efficiently. We aim to demonstrate that users can complete
RIS tasks more easily through a chat approach. The system operation difficulty tested in
this experiment is the same as in Study 2; however, this study further examines operation
efficiency.

5.3.1. Study Design

In this experiment, 26 subjects participated. The experimental setup was identical to
Study 2, except that subjects needed to remember the number of operations and error times
during the testing session. When completing a task, the experiment instructor recorded the
task operation time, and subjects recorded these indicators in the questionnaire (Table 2,
indicators 4-6).

5.3.2. Study Results

We found that most subjects could finish the three tasks with a single operation.
In the “Chat interface” condition, 6 subjects required two or more operations, while in
the “GUI interface” condition, 11 subjects needed multiple operations. This suggests that
operating the GUI interface required more attempts than operating the Chat interface on
the same computer and with the same guideline introduction. Consequently, subjects
encountered more error cases when using the GUI interface. To complete three tasks,
the “GUl interface” total number of operation times was higher than the “Chat interface”.
In other words, the extra operation times that occurred in “GUI interface” caused by more
error operations. We then analyzed the operation efficiency indicators. For the “operation
difficulty” indicator, 84.6% of subjects found the ChatUI interface more convenient to
operate, while 69.2% of subjects said they were more proficient in operating the GUI
interface (Figure 8). Notably, subjects preferred a concise system interface. For multiple
operations in both interfaces, the GUI interface had a significantly higher operation error
rate compared to the Chat interface (Figure 9). This implies that a system interface with
multiple and varied Ul elements increases the probability of users clicking on incorrect
buttons or interacting with unintended UI elements. Instead, a simplified UI can help
users focus more on the task workflow and the completeness of its functions, reduce the
probability of incorrect operations leading to task failure, and improve overall efficiency.
These results are consistent with the hypothesis that a chat interface makes it easier for
users to operate RIS functions.

Despite the higher convenience and lower error rates associated with the Chat interface,
we found that subjects spent more time operating the Chat interface compared to the GUI
interface (Figure 10). This result can be attributed to the fact that longer accessing time to
OpenAl API, and network latency caused an increase in operation time. It is important to
note that this longer operation time is not inherently related to the usability or efficiency of
the Chat interface itself, but rather a consequence of the specific network conditions during
the experiment.
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Figure 8. User evaluation of operation support for GUI and ChatUI interfaces. The majority of subjects
(84.6%) found the ChatUI interface more convenient to operate, while 69.2% of subjects reported
being more proficient in operating the GUI interface. These results suggest that the ChatUI interface
provides a more user-friendly experience, despite users’ familiarity with traditional GUI interfaces.
(a) Evaluation of the GUI interface operating support. (b) Evaluation of the ChatUI operating support.
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Figure 9. Comparison of operation error rates between GUI and ChatUI interfaces. The GUI interface
exhibits a significantly higher operation error rate compared to the ChatUI interface when multiple
operations are required.
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Figure 10. Comparison of operation times between GUI and ChatUI interfaces. Subjects spent more
time operating the ChatUI interface compared to the GUI interface. However, this longer operation
time is attributed to network latency caused by accessing OpenAl’s API, rather than inherent usability
or efficiency issues with the ChatUI interface itself. The operation time difference is a consequence of
the specific network conditions during the experiment.
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5.4. Study 4: Chat Interface for Expedient Function Expansion

This experiment investigates whether a chat interface supports expedient function
expansion, specifically whether LLMs can support RIS function expansion by calling APIs.
The functions tested in this experiment are the same as those in Study 1; however, this
study further examines LLMs’ ability to extend functionality in the data analysis module
of RIS.

5.4.1. Study Design

This experiment is an extension of the previous studies. As the RIS used in the earlier
studies did not have an analysis module, we added a data analysis module to the prototype
for this function expansion test. In the chat interface, the module utilized machine learning
models by calling related APIs, and the results were presented with both text and charts.
In the GUI interface, the module employed traditional statistical learning algorithms,
and the operation results were presented only with charts. In this experiment, 20 subjects
were divided into two groups. As in Study 1, the two groups tested the data analysis
module in the Chat interface and GUI interface, respectively. We provided a set of heart
disease data for testing. During the evaluation session, subjects needed to answer questions
based on the results they obtained, indicating which approach allowed them to directly
understand the data analysis conclusions in the data analysis module.

5.4.2. Study Results

In this experiment, all 20 subjects successfully completed the test via the chat interface,
while 19 subjects completed the test via the GUI interface. The results are consistent with the
chat interface supporting expedient function expansion through calling APIs in RIS. When
assessing the friendliness of the two interfaces for function expansion, subjects responded
differently. When the same chart format was presented, subjects could not discern the
difference between the two interfaces. However, when the chat interface presented a
conclusion text alongside the chart, subjects found the operation results more intuitive.
Specifically, for the data analysis task, subjects preferred the approach that presented results
with both charts and text. LLMs have excellent generating, summarizing, and programming
abilities, making them competent for RIS function expansion assignments. Finally, when
asked about the best approach for data analysis, 80% of subjects (16 out of 20) said the chat
interface was more suitable (Table 3). This finding is also consistent with the chat interface
based on LLMs supporting RIS function expansion by calling APIs.

Table 3. User preferences for the best approach in the data analysis module. The majority of subjects
(16 out of 20) found the ChatUI interface more suitable for data analysis tasks, regardless of the order
in which they tested the interfaces. This finding supports the hypothesis that a Chat interface based
on LLMs can effectively support RIS function expansion through API calls.

Experiment Order ChatUI GUI Total
ChatUI->GUI 7 3 10
GUI->ChatUI 9 1 10

Total 16 4 20

6. Discussion

This study explores the integration of LLMs into RIS to enhance human—computer
interaction and improve the overall user experience. By conducting a series of experiments,
we aimed to assess the feasibility, learnability, operational efficiency, and potential for
function expansion of an LLM-based ChatUI compared to a traditional GUI This study’s
statistical results might show inefficiency significance given our study sample size of
26 subjects, but overemphasizing statistical significance and the resulting neglect of possi-
ble key potentials are inappropriate [41]. To explore the large language model’s potential in
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RIS, the study’s statistical significance results could illustrate totally. The results of Study 1
demonstrate that the ChatUI can effectively support core RIS operations, such as exami-
nation appointment, report retrieval, and data analysis. This finding aligns with recent
research highlighting the potential of LLMs in various healthcare applications, including
radiology report summarization [21] and medical question answering [37]. The successful
completion of tasks using the ChatUI suggests that LLMs can be seamlessly integrated
into RIS to provide a more intuitive and user-friendly interface. Study 2 investigated the
learnability of the ChatUI compared to the GUI The results indicate that users found the
ChatUI easier to learn, with a lower learning difficulty and fewer instances of referring to
guidelines. This finding is consistent with the notion that natural language interfaces can
reduce the cognitive load associated with learning complex systems [10]. The ChatUI’s
ability to guide users through tasks using prompts and context-aware responses likely
contributed to its enhanced learnability. In Study 3, we examined the operational efficiency
of the ChatUI and GUI interfaces. The results showed that users encountered fewer errors
and found the ChatUI more convenient to operate, despite being more proficient with the
GUL This finding suggests that the ChatUI's streamlined interaction style and context-
aware guidance can lead to improved operational efficiency, even for users accustomed
to traditional interfaces. However, it is important to note that network latency resulted in
longer operation times for the ChatUI. Future implementations should consider optimizing
network performance to fully realize the efficiency benefits of LLM-based interfaces. Study
4 explored the potential for expedient function expansion using the ChatUI. By integrating
a data analysis module into the RIS demo program, we demonstrated that the ChatUI
could leverage LLMs’ generating, summarizing, and programming abilities to extend RIS
functionality through API calls. Users found the ChatUI’s presentation of results, which
included both charts and text, more intuitive and suitable for data analysis tasks. This
finding highlights the versatility of LLMs in supporting not only core RIS functions but
also advanced analytical capabilities, aligning with recent research on LLMs’ proficiency in
reasoning and planning tasks [15,16].

The results of this study have several implications for the design and implementation
of RIS interfaces. First, the integration of LLMs into RIS through a ChatUI can provide
a more user-friendly and intuitive experience, potentially reducing training time and
increasing adoption rates. Second, the ChatUI'’s ability to guide users through tasks
and minimize errors can lead to improved operational efficiency and reduced cognitive
load. Finally, the ChatUI'’s potential for expedient function expansion through API calls
highlights the flexibility and scalability of LLM-based interfaces in accommodating evolving
RIS requirements.

The straightforward approach of incorporating LLMs into Radiology Information
Systems (RIS) via prompting engineering aims to explore the potential of enhancing inter-
action models within RIS systems, thereby unleashing prospects for increased efficiency
and functionality. Nonetheless, the genuine endeavor of embedding LLMs into RIS as a
novel paradigm for medical imaging systems encounters numerous significant challenges,
including sufficient quantity and quality data, domain-specific knowledge deficiency and
poor explainable, integration with existing systems, and ethical considerations.

*  Data quality and quantity. Medical imaging datasets must encapsulate a broad spec-
trum of patient demographics and disease stages to ensure the LLM’s performance is
universally applicable and not skewed towards a particular subset. The complexity
arises from overcoming biases inherent in existing datasets [42]. Biased data can
lead to LLMs performing poorly for underrepresented patient groups, exacerbating
healthcare inequalities. As LLMs learn from vast amounts of text data, integrating
them with medical imaging necessitates meticulous calibration to interpret images
accurately across diverse populations. This includes addressing issues like age, seXx,
ethnicity variations, and the progression of diseases, as highlighted in studies [43,44].

¢ Domain-specific knowledge and explainability. Medicine is an intensely special-
ized field that necessitates profound expertise and extensive clinical experience. Al-
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though LLMs can process and comprehend vast amounts of textual information, their
comprehension of the deeper intricacies of medical domains, such as pathophysi-
ological mechanisms and rare disease manifestations, may be limited, leading to
knowledge gaps in analyzing complex cases. Medical image diagnosis is not merely
image recognition; it is firmly rooted in the clinical context and the experiential judg-
ment of physicians. LLMs, due to the absence of realistic clinical encounters and
accumulated experience, may struggle to replicate the intuitive judgments human
doctors make based on experience, impacting the accuracy and credibility of diag-
noses in specific scenarios. Furthermore, the explainability of diagnostic results is vital
in clinical practice, influencing both physician trust in LLMs’ decision-making and
patient acceptance. Presently, the diagnostic reasoning produced by LLMs tends to be
abstract, offering little insight into its logical pathway, which creates a considerable
impediment in medical decision-making.

e Integration with existing systems. The primary obstacle to the integration of LLMs
into existing medical imaging systems is the infrastructure demands. To fully leverage
the potential of medical data, high-performance hardware is indispensable. This
hardware must facilitate real-time processing of complex computations without dis-
ruptions, requiring substantial investments to establish a robust infrastructure against
system failures [45]. Complementary to hardware, the development of software that
is not only technically robust, but also seamlessly integrates into existing radiological
workflows, is crucial. It is necessary to build close collaboration between software
engineers, radiologists, and healthcare specialists to ensure software reliability and
compatibility, thereby avoiding disruptions to established clinical practices [46].

e Ethical considerations. The integration of large language models into medical imaging
elicits a myriad of ethical considerations, chiefly concerning data privacy, patient
autonomy, the potential for misdiagnoses, and the balance between Al and human
interaction in healthcare. Privacy and security issues are accentuated, especially
when private entities handle sensitive medical data, risking unauthorized access or
misuse [47]. Misdiagnosis risks introduce ethical dilemmas surrounding liability
and accountability. Despite Al’s diagnostic prowess, biases and errors can lead to
patient harm, underscoring the urgency for clear guidelines outlining the roles and
responsibilities of healthcare professionals and Al systems in diagnostic decision-
making [48].

7. Conclusions

This study has undertaken an initial exploration into the integration of LLMs into RIS,
focusing on the development of a conversational interactive interface using natural lan-
guage. Through an exploratory study examining key RIS components such as examination
appointment, report retrieval, and data analysis, we sought to evaluate the impact of this in-
terface on learning and operational efficiency within the RIS context. Our findings suggest
that by incorporating LLMs into three key components—understanding task requirements,
planning task solutions, and leveraging APIs for coding and execution—significant ad-
vancements can be made in completing core functions of the RIS. The integration of LLMs
into the RIS interface offers promising prospects for improving both the learning expe-
rience of trainees and the operational efficiency of practitioners. Specifically, our study
reveals that the utilization of LLMs can simplify the learning process by providing intuitive
interfaces that facilitate comprehension of complex RIS functionalities. Furthermore, the in-
tegration of LLMs into the RIS interface can streamline operational workflows, reducing
the time required to perform tasks and minimizing the occurrence of errors. Moreover,
the study highlights the potential for LLMs to extend the functional capabilities of RIS
through the seamless integration of APIs. By leveraging LLMs’ generation, summarization,
and planning abilities, RIS systems can enhance their analytical capabilities and provide
more actionable insights for practitioners. While this study provides valuable insights
into the potential of LLM integration in RIS, it is important to acknowledge its limitations.
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The sample size was relatively small, and the study focused on a specific set of RIS com-
ponents. Future research should explore the long-term implications of LLM integration,
examine its impact on a wider range of RIS functionalities, and investigate its scalability
in real-world clinical settings. In conclusion, the findings of this study underscore the
transformative potential of integrating LLMs into RIS interfaces, offering new avenues for
improving medical training, diagnostic practices, and ultimately, patient care in the field
of radiology.
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