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Abstract
The development of smartphones, wireless Internet, and the Internet of things in the early 21st century has shifted the focus of future medical information from hospitals to individuals. The health information that was created only in hospitals can now be collected by individuals through various IoT and wearable devices. Of course, there are some disagreement about the reliability of the personal information collected by individuals. However, the development of technology is rapidly reducing the measurement error of personal devices, and FDA approved PHD (Personal Health Device) is also increasing.

The problem, however, is that there is no way to help individuals use their own health information to help themselves. Most of the health information collected by an individual is not standardized so that it can be used by clinicians. 

In other words, in clinician’s point of view, even if an individual generates health information, there is no difference from the way the patient orally appeals the symptoms.

In order to solve this problem, we developed a PGHD (Patient Generated Health Data) generation method through a speech recognition interface. We also standardized the generated PGHD according to the FHIR(Fast Healthcare Interoperability Resources) standard so that it can be shared between medical institutions and between medical institutions and individuals.

In particular, we proposed a service design using voice recognition interface focusing on securing the accessibility of health information for the visually impaired people, which is a representative information disadvantaged class.
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I. Introduction
Since the beginning of the 21st century, the International Health Organization has emphasized patient participation as part of a Patient Safety policy to prevent medical accidents caused by communication problems among healthcare professionals.

Patient participation means that the patient should not be passive in the course of treatment but should be active in sharing information with medical staff and understanding the treatment process. [1]

This paradigm shift has accelerated as the exchange of information is facilitated by the spread of smart-phones and wireless Internet. In addition, the appearance of various PHD devices that individuals can utilize enabled collection of various health information, which also contributed to the paradigm change of medical information.[2]

The problem is that regardless of the reliability of the body information that individuals collect, the problem of how to use the accumulated data remains a challenge. 

For example, even if an individual accumulates a variety of health information, there is no way to share and utilize the data in the clinician's view. In the end, the doctor is only to make an initial diagnosis relying on patient’s verbally expressed complaint of symptoms at that point in time.[3]

This situation will further deteriorate the accessibility of health information to the underprivileged. Furthermore, the research on accessibility of medical information for the physically challenged person is now at the initial level. Therefore, in this study, we want to utilize FHIR, a next-generation health information exchange standard, in order to exchange patient's accumulated health information with the clinicians from UX (user experience) perspective. Specifically, this study limited the range of information disadvantaged people to visually impaired people and adopted speech recognition interface as a way to improve their accessibility to health information. 

V2FHIR (Voice to FHIR) is a service that implements the aforementioned things in a mobile application. V2FHIR is an application that works on Apple's iOS and is intended to create and share medical records using Apple Siri, IBM Watson, and HL7 FHIR.
II. Methods
In this study, we propose V2FHIR (Voice to FHIR), which is a system that collects PGHD by using speech recognition technology and natural language processing technology and converts it to HL7 FHIR standard. With V2FHIR, patients can record their symptoms to mobile applications from time to time and can transfer their data to the hospital. V2FHIR is designed to help patients and clinicians communicate using PGHD.
A. The architecture of the system

Fig. 1 System Architecture
In the V2FHIR system, the mobile application serves as the patient's PHR. Patients can record basic information such as their name, gender, birthday, race, ethnicity, language, etc., in the application and then record the pain or symptoms. We have made it possible to record and identify symptoms through the speech recognition interface, in order to make the system easier to use for visually impaired people. V2FHIR recognizes and stores the body part where the patient complains symptoms through natural speech processing of the converted text. The system that converts the data input by the doctor into voice to the FHIR Observation Resource is presented in the previous study, but the our study is different in that the patient records his or her symptoms.[4]
B. Speech Recognition Interface
The speech recognition interface is divided into two stages.  In the first step, the voice is converted to text, and in the second step, the text is analyzed through natural language process to identify the body part where the patient complains, and the time and cumulative number of pain are also recorded. In this study, Apple Siri is used to convert speech to text and IBM Watson Natural Language Classifier (Watson NLC) is used for natural language analysis of texts. In the case of Apple Siri, no learning is required, but Watson NLC needed training to understand and categorize what body parts the text refers to. A total of 131 sentences were used to train the Watson NLC to classify text based on five body parts: head, neck, hand, belly, and eye. About 25 sentences were used in training for each of the five body parts specified. The accuracy of Siri and Watson NLC is not discussed in this study because of the existing research results.[5][6]
C. Data Exchange
In this study, we adopted FHIR to transfer PGHD to the hospital information system. FHIR is next-generation medical standard by HL7. The FHIR development process itself employs an incremental, iterative approach to develop the standard reﬂective of today’s industry best practices for complex systems design. [7]

  FHIR is currently the STU (Standards for Trial Use) phase. FHIR provides standard code and message structure, and can utilize extend to defined resource according to user's requirement to reflect special requirements, thus ensuring interoperability of data. In addition, FHIR utilizes HTTP / REST, a standard web technology, to transmit data efficiently, making it suitable for mobile environments.[8]
D. FHIR Resource Profiling
V2FHIR profiled FHIR Resources with reference to 2015 Edition Common Clinical Data Set - 45 CFR 170.102 of the 2015 Edition Certification Companion Guide provided by Sync For Science. [9]  

Sync For Science is a project that allows patients to contribute their own data to contribute to the study of precise medicine. It is hosted by NIH, ONC in the United States and several EHR vendors such as Harvard Medical School and Epic, Allscripts and Cerner. [10]

In accordance with the FHIR Specification provided by Sync For Science, the Patient Resource includes name, gender, birthday, race, ethnicity, and language of use. In the case of the Condition Resource, the code of Condition is specified as Complaint, and the sentence describing the symptom and the part where the user appeals the symptom is included. Both code and body sites use Snomed CT code. An example of a Condition Resource is shown below.
TABLE I

CONDITION RESOURCES EXAMPLE
	<Condition xmlns="http://hl7.org/fhir">

  <patient>

     <reference value="KNUIHIS/012"/>

  </patient>

  <code>

     <coding>

        <system value="http://hl7.org/fhir/ValueSet/condition-code"/>

        <code value="409586006"/>

     </coding>

  </code>

  <verificationStatus value="provisional"/>

  <onsetDateTime value="2017-11-17T18:00:00+09:00"/>

  <evidence>

     <detail>

        <display value="I have burning pain in my head."/>

     </detail>

  </evidence>

  <bodySite>

     <coding>

        <system value="http://hl7.org/fhir/ValueSet/body-site"/>

        <code value="69536005"/>

     </coding>

  </bodySite>

</Condition>


E. UX Design for V2FHIR (Voice to FHIR)
V2FHIR is designed to help patients and clinicians communicate through PGHD generation and exchange. Therefore, we designed the UX with the function to clarify the symptom and the part which the patient appealed to as the top priority.

In detail, in order to provide a UX that can record the pain and the abnormal symptom that the patient feels every moment, it is designed to use the vision, hearing and haptic sense of the patient by utilizing the resources of the existing mobile device. This process is also based on the 21st-century video anti-discrimination law, in order to improve the accessibility of persons with physical abilities.  [11]

The accessibility of physical competent persons is not only aimed at improving their accessibility, but also in terms of business, in order to allow more people to receive the same information in various situations and environments. 

  Especially, considering the fact that most of the information of V2FHIR is expressed visually, we designed UX to focus on improving accessibility to the visually impaired.

Specifically, we applied the UX Design Guidelines for the Visually Impaired Accessibility Compliance item, which was based on the WCAG 2.0 proposed by the W3C.[12]
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Fig. 2 V2FHIR Mobile App screen shot with UX Design
III. Results
A test and user evaluation questionnaire was conducted to determine whether the voice interface of V2FHIR accurately records the pain site where the user is appealing.

The experiments and questionnaires were conducted in 25 subjects, and the basic language of V2FHIR was set to Korean in consideration of the main language of the participants. Two methods were used to compare the accuracy between the learned sentences and the untrained sentences .
TABLE II
Discription of test A & B
	Test A: Choose 3 out of 5 examples to speak
	Test B: Speak three times freely

	Choose 3

1. I feel pain in my neck.

2. My head is dizzy

3. I hurt my hand after swimming.

4. I have indigestion.

5. After drinking coffee, the eyes become congested.
	Pain site is restricted to the head, eyes, neck, belly, and hand.


As a result of the testing A, V2FHIR succeeded in correctly classifying the pain site that the user appealed with a probability of 86.7%. However, in the case of Testing B, when the user describes the pain without any restriction, the accuracy is only 57.3%.
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Fig. 3 A & B test results
The following questionnaire aims to evaluate the information accessibility, usability, and applicability of information generated through V2FHIR. The contents of each item are as follows.
This questionnaire was based on a 5-point scale and assumed a Strongly Disagree as 1 and a Strongly Agree as 5.
Particularly, it is noteworthy that more than 68% of respondents answered 'Agree' or ‘Strongly Agree’.  This is a result of the high interest in PGHD and the expectation of means for self-management of personal health information.
However, unlike the expectation, most of the respondents answered 'Neither' to the questionnaire because most of the respondents did not have experience with the PGHD service.
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Fig. 4 Survey result
IV. Discussion

The purpose of this study is to generate FHIR documents by using speech recognition interface to exchange health information between patient and doctor. We have developed V2FHIR with a focus on recording the symptoms of users themselves and improving accessibility of the information for the visually impaired.
From this point of view, the results of the V2FHIR test and the user survey are consistent with the research objectives. 

However, from the perspective of the medical practitioner, there was a limit to the lack of detailed information on symptoms. In addition, In the case of the visually impaired, the accessibility can be improved sufficiently by applying the voice recognition interface. Yet, in case of the restriction of various 
TABLE III
Questionnaiie for evaluation of V2FHIR app
	Q1. [Usability] How satisfied are you with the way the V2FHIR App uses the voice recognition interface?

Q2. [Information Accessibility] Do you think that the symptoms you recorded with your voice and the sentences recorded in V2FHIR are the same information?

Q3. [Information Accessibility] V2FHIR is designed for the visually impaired. What do you think about the overall design of V2FHIR?

Q4. [Usability] Do you think the pain information recorded with V2FHIR is worth to consider in setting up your future healthcare plan?

Q5. [Usability] If the information recorded in V2FHIR can be used to exchange medical information regardless of the medical institution, do you intend to use it 
continuously?

Q6. [Usability] Can you recommend V2FHIR to people around you to manage the health of your parents or your child?


physical abilities such as the hearing impairment and the speech disorder, the UX design applied to V2FHIR can not guarantee sufficient accessibility.
V. Conclusion
The greatest achievement in this study was the use of V2FHIR to enable patients to record their own symptoms and to standardize this information to FHIR Resources for sharing in medical institutions. 

However, clinical trials for exchanging health information with FHIR servers in various medical institutions have not been conducted. This is because the introduction of FHIR Server in the medical institutions in Korea is still in its infancy. It is also necessary to study how to map various natural languages to medical terminology.

In conclusion, to improve the utilization of V2FHIR, we need to study more detailed PGHD FHIR resources and deep learning model for patient expression and medical word compatibility. If the information accessibility of a broader range of physical abilities is improved, it will contribute to the improvement of the public health of the underprivileged.
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