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Abstract

Objective: Many regional programs of the countries educate asthmatic children and their families to manage healthcare data. This study aims to establish a Web-based self-management system, eAsthmaCare, to promote the electronic healthcare (e-Healthcare) services for the asthmatic children in Taiwan. The platform can perform real time online functionality based upon a five-tier infrastructure with mutually supportive components to acquire asthma diaries, quality of life assessments and health educations.
Methods: We have designed five multi-disciplinary portions on the interactive interface functioned with the analytical diagrams: (1) online asthma diary, (2) remote asthma assessment, (3) instantaneous asthma alert, (4) diagrammatical clinic support, and (5) asthma health education. The Internet-based asthma diary and assessment program was developed for patients to process self-management healthcare at home. In addition, the online analytical charts can help healthcare professionals to evaluate multi-domain health information of patients immediately.
Results: eAsthmaCare was developed by JavaTM Servlet/JSP technology upon Apache TomcatTM web server and OracleTM database. Forty-one voluntary asthmatic children (and their parents) were intervened to examine the proposed system. Seven domains of satisfiability assessment by using the system were applied for approving the development. The average scores were scaled in the acceptable range for each domain to ensure feasibility of the proposed system.
Conclusion: The study revealed the details of system infrastructure and developed functions that can help asthmatic children in self-management for healthcare to enhance communications between patients and hospital professionals.
Keywords: e-Healthcare, self-management healthcare system, real time online analysis, quality of life, asthma diary
1. Introduction

In the past decade, World Health Organization (WHO) and Global Initiative for Asthma (GINA) published a global surveillance revealing that asthma has been the most common chronic disease of children in many developed nations due to their official statistics of health data [1]

 REF _Ref342711336 \r \h 
[2]. As the viewpoint of healthcare, it implied that the financial burdens of patients and their families and hospital would be heavier due to rising prevalence of childhood asthma. Many regional programs were continuously making progresses for asthma health care over recent decades in a variety of countries to reduce medical expenses [3]-[7]. The well-known ISAAC program, "International Study of Asthma and Allergies in Childhood," comprised three phases for assessments [8] which were followed by past researches to regulate the principles of guidance for preventive care. For example, (1) initiating medications for asthma symptoms by severity, (2) using spirometers for assistance in diagnosis and evaluation, (3) monitoring the asthma morbidity depending upon routine symptom assessments, (4) educating patients by planning self-management asthma care at home, etc. [9] These procedures enabled asthmatic children and their family to manage healthcare data.
In Taiwan, numerous studies of children with asthma established appropriate assessment questionnaires based on the ISAAC procedure to disseminate prevention knowledge regarding health care in the hospital or at home. The findings exhibited that the increase proportion of nation’s population was 20 times and the age of incidence was getting younger in the last four decades [10]-[13]. Therefore, patients were gradually encouraged to extend their awareness of managing, preventing, and controlling illness based on the modern guidelines of asthma health care. The guidelines could afford the education of self-management in clinical practice while the data of asthma control at home have been referred to assess the sufficiency of contemporary treatment [14]. Many patients with chronic illness conditions were invented in the self-management programs for educating them with the helpful skills of self healthcare in primary care [15]

 REF _Ref386270768 \r \h 
[16]. The programs utilized various resources to serve the patients for approaching medical, role, and emotional managements from problem solving, action planning, to decision making [17]. The self-management program of asthmatic health care assisted patients to take care of themselves effectively including measuring health-related quality of life (QOL) and daily asthma condition; i.e., the program provides various impacts to support clinical decisions on the asthmatic treatments [18][19]. As evaluating the asthmatic conditions of the children in clinic visits, their parents were encouraged to share their watches on the fluctuations of peak expiratory flow (PEF) measured in the previous cure period [20]-[23]. For the typical self-management, the asthmatic children were usually asked to write down the daily PEFs twice in the symptom diary at home and show the outcomes in clinic [24]

 REF _Ref342711555 \r \h 
[25]. Thus, the computer-based assessment programs could help to improve children’s self-management skills (e.g., assess their asthma symptoms and QOL) and to achieve accurate outcomes (e.g., monitor their functional status and daily PEF) [26]

 REF _Ref342711576 \r \h 
[27]. Recently, health services by innovative Internet technique were widely promoted to enhance electronic healthcare (e-Healthcare) for requirements above on self-management of daily traceable illnesses including asthma care [28]-[33].
The Internet-based applications for asthma e-Healthcare herein would be functioned by online education and assessment for users, feedback from patients and health professionals, interaction interface between children and their parents; networking collaboration of clinical data and healthcare records, and supervision on therapeutic scheme and decision support [34]. The major scope targeted to automatically compute self-reported data and assess the asthma diary for improving asthma control with alert criteria and remote monitoring [21][34]. In addition, via Internet, the minority children could obtain more free resources in education, medication, finance, or their social and physical situation [35]-[39]. Similar study has been intervened for kids with asthma in southern Taiwan by proposing an asthma reporting Web site to provide off-line data analysis [40]. The past research programs exhibited positive results of self-management for e-Healthcare services of asthma but usually lacked a platform with self-developed and analytical modules..
In this study, we developed a Web-based self-management system, eAsthmaCare, on e-Healthcare services for the children with asthma in Taiwan. The diagram functions of the system inherited from the core modules of self-developed infrastructure in the previous work. Thus, new database schemes and interfaces were created for instant online analyses correlative to the asthma diary, QOL assessment and health education [41]

 REF _Ref342711694 \r \h 
[42]. Five multi-disciplinary portions herein were involved in an interactive interface and functioned with five kinds of analytical diagrams relative to management of asthma health care. The questionnaires were adopted from asthma-related QOL (ARQOL) that includes five dimensions: restrictions of social life, physical disturbances from symptoms, limitations of physical activity, daily inconveniences in managing the disease and emotional distress [43]. In this approach, we focused on the methods of design and development that will be detailed in next section followed by results of system performance. In further, the voluntary asthmatic children (and their parents) were intervened by the e-Healthcare project that was enforced in the pediatrics department of Chang-Gung Hospital at Lin Kou (CGH-LK), Taiwan, to evaluate satisfiablity and feasibility of eAsthmaCare system. The proposed project has been approved by Institutional Review Board of CGH-LK (IRB No. 100-3083A3).
2. Design and Development

The Web-based healthcare and self-management system emphasizes the interactive interfaces for patients, physicians, and professionals to provide remote healthcare services through Internet and avoid burdens of clinical care requiring long distance and duration. In the proposed program, the asthmatic children and their parents would be educated to manage chronic disease with the assistant interface including (1) online asthma diary, (2) remote asthma assessment, (3) instantaneous asthma alert, (4) asthma health education, and by communicating physicians with (5) diagrammatical clinic support. Herein, the developed system should be able to achieve these multi-disciplinary scopes.
2.1 Infrastructure Design

The design of the proposed asthma e-Healthcare system obeys the model-view-controller (MVC) design pattern [44] to collaborate five mutually supportive tiers (i.e. monitoring, communication, management, analysis, and database) which support healthcare resources reciprocally for patients, physicians, professionals, researchers, and system administrators. The system is programmed by the open-source JavaTM Servlet/JSP technology with reusable functions, thus the infrastructure is illustrated in Figure 1 followed by detailed description.
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Figure 1 Five-tier infrastructure of Web-based e-Healthcare system for children with asthma
A. Monitoring Tier. The tier is mainly designed for asthmatic children and their parents to record self-management data. It provides friendly graphical user interface (GUI) for them to collect asthma-related outcomes by using desktop, laptop, tablet computer, or even smart phone through Internet protocol. Meanwhile, the healthcare staffs are allowed to trace asthma symptoms and conditions of patients. The portal of asthma diary is an entry of routine monitoring and can be examined by assessments for asthma quality of life (AQOL).
B. Communication Tier. The tier is generally established for healthcare professionals and physicians to review electronic health records. It performs interactive components with real time online analytical information on a diagrammatic interface. Through the evident-based diagrammatical interface, communications between physicians and patients can be efficiently improved in clinic visit. Thus the asthma information for self-management can be compared with patient’s clinical records reported by hospital information system.
C. Management Tier. The tier is the center of the infrastructure for system administrators to control necessary electronic resources and varied user privilege. It requires information technique (IT) related to Web services (WS) and software knowledge to maintain and manage the asthma e-healthcare data including asthma diary, AQOL assessment, asthma risk alert, health education, and clinical support records.
D. Analysis Tier. The tier is essentially cooperated with researchers who are experts in asthma studies. It offers them a channel at the backend to feedback expert opinions into the knowledge bank for delivering clinic reference and decision support criteria beyond data analysis. The researchers can compute multi-discipline data through professional software to deliver their expertise for consultants.
E. Database Tier. The tier is usually founded as the base of a knowledge bank storing all asthma healthcare data. It restores a variety of system data and electronic records related to asthma healthcare and expert opinions. Prior to building the knowledge bank, the system is allowed to integrates modules of data query and data mining with auto accessing procedures in daemon for progressing advanced statistics and instantaneous online computation.
2.2 Database Design

According to this MVC-based architecture, a main approach of online analytical process (OLAP) for healthcare informatics can be anticipated. The OLAP mechanism has been widely utilized for decision support systems because of offering immediate and online computation algorithms by mining data warehouse [45][46]. Therefore, a well-designed health care data warehouse (HCDW) can fully support the OLAP portal of proposed asthma e-Healthcare system for analyzing complicated data. In this study, we created the foundation of HCDW model by planning a main fact table for health profiles of patients and dimension tables for records of asthma diary and assessments. Thus, the derivative dimensions were schemed by queries corresponding to statistical data from diary and assessment tables. The prototype of HCDW database model as shown in Figure 2 illustrates a star-type schema based on the entity relationship diagram (ERD) of database. Herein, we employed the built-in database functions, which are dynamic view, stored procedure and trigger to control dataflow inside the HCDW. The database transaction scripts are compliant with OracleTM or MySQLTM database and were pre-stored to enable automatic procedures while integrating diverse data transformation.
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Figure 2 Star-type schema of healthcare data warehouse model for eAsthmaCare database
In the schema, the main fact table “PAPROF” restores personal health data of asthmatic children and their parents that include basic personal data, disease history and status of family members, education degree, and asthma factors. In addition, due to the design, the attributes denote (a) patient’s identification (PA_ID) that is a primary key to control all dimension tables; (b) patient’s birthday (C_BDATE), sex, and height that affect the threshold of asthma control test (i.e. ACTDATA table); (c) disease factors named with “DISEASE,” “SMOKE,” “ASTHMA,” etc. that adapt with relations of AQOL assessments and asthma diary (i.e. QOLDATA and DIARY); (d) the prefixes “EDU_,” “DAD_,” and “MOM_” etc. that imply patient’s and parent’s education for evaluating healthcare knowledge and self-management ability assessments scored in tables of QHEDATA, PKEDATA, CKEDATA, and CBPDATA (i.e. quality of healthcare education, parent's knowledge evaluation, children knowledge evaluation, and children behavior process, respectively).
Furthermore, the gray entities named by prefix V$ mean the query views obtained from three kinds of built-in database functions. The DIARY table provides twice-daily PEF data (measured in both of the morning and evening) while the QOLDATA table contains multi-domain AQOL scores (measured in every several months). They both can be applied for investigation with respect to daily averages and statistical information. Therefore the views of V$PEF_AM and V$PEF_PM give queries about average of PEFs in the morning and evening. Thus V$QOLAVG and V$QOLAVG_ALL are the views queried for average AQOL domain scores of individuals and all-patients, respectively, and similar to computation of other domain scores for presenting the maximum and minimum values. Particularly, these query views can be integrated with the AQOLDATA table to carry out total scores immediately for each domain so that synthetic cross-comparison can be engaged in OLAP functionality.
2.3 Interface Development

The interactive interface was developed upon an MVC-based architecture, which consists of reusable and extractable components for mutually functional supports, to achieve the five primary scopes of self-management. Figure 3 demonstrates objective dataflow of system data transportation with respect to operation relationships of major components as the roles in “model,” “view,” and “controller” based on the MVC design pattern. 
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Figure 3 Objective dataflow of eAsthmaCare data transportation: (a) Asthma diary, AQOL assessment, and healthcare management interfaces
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(b) Asthma risk evaluation and health information management interfaces
Herein, Figure 3(a) presents that the portions under asthma e-Healthcare portal imply the scopes to patients’ asthma diary, AQOL assessment and healthcare management with diagrammatical clinical support; thus 3(b) shows other parts corresponding to managing risk evaluation and health information. In which, the rectangle blocks represent the view-related components while the double-square and the rhombus blocks stand for the model- and controller-related components, respectively. The developed components are addressed below by following proposed scopes. 
(1) Online asthma diary: As considering the daily PEF report, children with asthma were asked to record their asthma conditions twice every day through the online asthma diary page. The diary components are functionally separated by data input, update, and management. The data input function requests the PEF values, asthma symptoms and medicine records entered by patients in the morning and evening every day. If patients could not finish entries because of the personal reasons such as travel, off network, etc., they were able to compose the diary later by data update function for bulk loading the electronic records with specific data format. In addition, the interface offers management functions for healthcare users to query and review diary data. The controller components “Filter Health Data,” “Import Diary File,” and “Query Diary Data” will transmit dataflow of correspondent interfaces into the correct process. As managing data input or data query, a view page of result for confirming progression will be displayed before accessing database or performing online diagrams. Furthermore, the model component “Chart Plotter” is created for the chart functions of Web-based diagrams that can be recruited by other long-term monitoring programs. For instance of the rehabilitation care, the daily rehabilitation activity record is similar to asthma diary and the diary-related model can be modified for suitable format of input data.
(2) Remote asthma assessment: The 35-question ARQOL questionnaire is adopted as the main AQOL assessment for evaluating quality of life of the asthmatic children. This approved questionnaire involves five domains such as “influence of symptoms in life,” “influence of asthma in life,” “influence of asthma during social learning,” “management of asthma control,” and “influence of emotion upon relationship with parents,” during the past four weeks. Additionally, we designed other questionnaires for assessing the influences in health condition and home environment with respect to AQOL. Similar to the diary entry procedure, the interface of AQOL assessment employs the controller component to filter AQOL data (or users’ answers) and display AQOL results on the view page; then, further confirmation is validated prior to data access in database. Herein, assessment questions are formatted in WS-enabled files to reduce frequency of database access and increase flexibility of maintenance. Because of the “Chart Plotter” model, the assessment diagrams can be presented on Web sites remotely for evaluating asthma and healthcare information.
(3) Instantaneous asthma alert: The “Asthma Threshold” model is the core component of asthma risk evaluation to support criteria as processing “Check Threshold” controller. Behind displaying the history of health outcomes derived from the asthma diary, the evaluation interface induces the “Risk Compute” controller to analyze asthma-related data by retrieving the database reciprocally for online calculation or manual statistics. This process stands for the feedback of the expert opinions towards the database for updating the risk threshold. Similar to traditional asthma control test (ACT) alert in red, yellow, or green indication, the controller uses the “Chart Plotter” model to highlight the risk zones on the diagram for instantaneous asthma alert. The function can be further adaptive with short message service (SMS) programs to inform healthcare staffs at emergent moment.
(4) Asthma health education: The interface of health information management extends the portal of asthma e-Healthcare system to provide information of personal health and education for patients and their families. The health profile stores necessary asthma-related data including family disease history and parent’s education level. Herein, the “Health Information” model offers general health information data by linking with the “Access Health Data” controller to educate patients and their family. Besides, three types of questionnaires are designed to assess children behaviors in managing asthma symptoms and to investigate asthma awareness of children and their parents after learning the health information. The format of questionnaire files is identical to AQOL assessment which requires filtering and accessing processes to ensure correct data entries of the eAsthmaCare database.
(5) Diagrammatical clinic support: The physicians or healthcare professionals are authorized to track AQOL assessment reports and asthma diaries of patients through the interface of healthcare management. When patients complete the assessment, the “Compute AQOL Data” controller will provide OLAP functions to display analytical results on the view page. The “Adopt AQOL Data” controller searches database and performs these diagrams with the help of the “Chart Plotter” model. Meanwhile, the components can crossly compare asthma diary data with designed “query view” (the database function mentioned above) for decision support. Then, the authorized people can study either AQOL or PEF variations on the online diagrams in clinic visits. Furthermore, the healthcare professionals can help the patients who are inconvenient for online assessment to update their AQOL data. The “Import AQOL File” controller can assist in importing bulk data to update database.
The proposed asthma e-Health system provides a login portal to assign permission to various users for operating authorized Web pages. Meanwhile, the user-friendly interface with “keep in simple, stupid (KISS)” design for non-IT users is scoped to decrease complexity and increase feasibility of the system.
3. Implementation and Presentation
In this section, we present the major functional pages to prove the self-developed system and explain the intervention procedure to the participant patients for further discussion.
3.1 Practice of Functionality
The self-management functions of eAsthmaCare are shown in the serial figures (a) to (f) of Figure 4. Figure 4(a) presents the portal of asthma diary with functional KISS interface that includes readable introductions with Chinese phonetic notations for the school-age children and simple function-oriented page with clear browser layout for the uses. Figure 4(b) shows the main form of asthma diary input interface while the entry results notice primary PEF data as well as traceable asthma risk indexes and medicine information for healthcare requirement. In which, the index indicates status of sleep, cough, pant, and activity power scaled by the value of 1(occurrence), 0(none) or -1(no entry). The history of diary records is shown in Figure 4(c) that can compare daily PEF values (in dash line) with relative asthma symptom risk indexes. Meanwhile, the indexes with daily PEFs can provide three-level risk and four-level severity information for critical asthma alert diagrams as shown in Figure 4(d).
Furthermore, the online assessment interface helps healthcare professionals to remotely collect responses of participant patients and to immediately obtain analytical results in cross comparison with all patients. The result page and score diagram as shown in Figure 4(e) list the evaluation date and duration; in the meantime, five-domain AQOL scores of assessment are also displayed on the bar chart. Figure 4(f) performs two types of comparative diagrams that the multiple bar charts compare current personal AQOL scores with average, maximum, and minimum values of the past AQOL scores of the individual; thus, the bar-line chart evaluates the current personal AQOL versus statistics of the AQOL scores of all patients.
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Figure 4 Implementation of diagrammatic interfaces of the eAsthmaCare system

(a) KISS interface of asthma diary portal and function-oriented page
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(b) Input interface corresponding to entry results of asthma diary
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(c) PEF history compared with daily symptom risk indexes of asthma diary
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(d) Level-based critical alerts in asthma risk and severity
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(e) Result table and score diagram of five-domain online AQOL assessment
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(f) Online AQOL assessment and real time cross-comparison diagrams

The proposed system was finally integrated with hospital information system as the part of the Pediatric Department of CGH-LK. In order to ensure continuous update of knowledge, the online education for asthma health information was hence engaged with hospital web site in Chinese (http://www1.cgmh.org.tw/chldhos/intr/c4a80/06index001-1-01.htm) that is related to pediatric asthma healthcare.
3.2 Practice of Intervention
The self-developed eAsthmaCare system was transferred into the computer center of CGH-LK in July 2011 for security tuning and database immigration prior to adaption of the hospital information system. The authorized web and database servers are Apache TomcatTM 6 and Oracle 8iTM, respectively. After one-month in-site test, the system was published on the website "http://www.cgmh.org.tw:8056/eAsthmaCare/" in August 2011 for forty-one children and their parents to begin the asthma self-management project. The voluntary participants were intervened in using the eAsthmaCare system to manage and report their health condition till February 2012. They measured their PEF twice in the morning and evening daily while two PEF values (before and after taking drugs) are required for each measurement to record the asthma diary in eAsthmaCare. Meanwhile, they were asked to input medicine and symptom conditions for asthma control monitored by healthcare professionals. Besides of routine records, they would report their quality of life by filling up online AQOL assessment and reply other evaluations regarding knowledge of asthma management every three months. In order to encourage patients to use the online diary, they would get awards due to the diary score that accumulates a point for each daily record entry.
Table 1 Reliability test for assessments of satisfiability on using eAsthmaCare

	Domain [scale]
	Cronbach's α
	Acceptable rates due to 41 users

	(a) Functionality of system login [3,9,12]
	0.957
	93% (38/41)

	(b) Description of system contents [2,6,8]
	0.929
	95% (39/41)

	(c) Layout of system interface [3,9,12]
	0.978
	93% (38/41)

	(d) Design of assessment questionnaire [2,6,8]
	0.898
	88% (36/41)

	(e) Fluency of running the system [7,21,28]
	0.975
	90% (37/41)

	(f) Difficulty of using the system [7,21,28]
	0.966
	90% (37/41)

	(g) Convenience of managing the interface [7,21,28]
	0.973
	90% (37/41)

	Average α: 0.979; Low reliability: α<0.35; General reliability: 0.35≤α<0.7; High reliability: α>0.7;

[scale]: [min points, threshold, max points], each question in a domain is given by 1, 2, 3, 4 points for very agreeable, agreeable, not very agreeable but acceptable, and very disagreeable, respectively


In order to evaluate user’s satisfiability in system performance, we studied the reliability of seven-domain questionnaire inspected by Cronbach’s α test. The results in Table 1 shows that thirty-three questions were all approved by average of α reaching 0.979 while reliability of each domain was qualified by the criterion (i.e. α > 0.7). Thus, we would like to discuss the responses of patients about their experiences in using the eAsthmaCare system.
4. Results and Discussion

The past study had contributed practical discussions as facilitating guideline system with computerized methods for feasible approaches of asthma healthcare and management in the clinical department [47]. In order to understand feasibility of the developed system, we evaluated eight asthma-related variables with respect to seven domains (ordered by (a) to (g) in Table 1) of satisfiability while using eAsthmaCare. Each domain gives some questions thus each question is scaled in range of 1 point to 4 points (i.e., very agreeable, agreeable, not very agreeable but acceptable, and very disagreeable). In this approach, the satisfiability of each domain will be acceptable if the average score is less than three fourths of the max scale (i.e., the threshold). For an example, scale of the three-questionnaire domain should be ranged between 3 and 12 thus the average score less than 9 (i.e., threshold) is satisfactory. It performs that the acceptable rates of 41 users for domain (a) to (g) approximately reach 93%, 95%, 93%, 88%, 90%, 90%, and 90% in order. In general, around 40-50% of the users completely agreed the developed functions but 5-10% of them did not feel convenient while using the system. Some participants responded valuable opinions regarding difficulties for operating the system and that will be discussed in later paragraphs. Besides, six groups of independent variables including (G1) sex of child, (G2) asthma outbreak due to emotional changes, (G3) parent’s age, (G4) child’s age, (G5) parent’s education level, and (G6) severity level of asthma, are examined by non-parametric statistical hypothesis tests to study how feasible the system is for various user groups and illness conditions.
Table 2 Satisfiability on using eAsthmaCare related to six groups of independent variables
	Domain [scale]
	(a)
	(b)
	(c)
	(d)
	(e)
	(f)
	(g)

	(G1)
	avg (M)
	6.73
	4.61
	7.03
	4.65
	15.38
	16.42
	16.69

	
	avg (F)
	7.53
	5.40
	8.00
	5.46
	16.80
	19.13
	19.13

	
	p
	0.29
	0.06
	0.16
	0.11
	0.76
	0.05*
	0.12

	(G2)
	avg (Y)
	9
	6
	9
	6
	22.33
	21.66
	23.33

	
	avg (N)
	6.87
	4.81
	7.26
	4.86
	15.39
	17.07
	17.13

	
	p
	0.13
	0.13
	0.17
	0.24
	0.04*
	0.07
	0.03*

	(G3)
	avg (I)
	7.15
	4.96
	7.14
	4.81
	15.29
	17.40
	17.40

	
	avg (II)
	6.79
	4.78
	7.72
	5.21
	17.07
	17.42
	17.92

	
	p
	0.64
	0.68
	0.59
	0.45
	0.36
	0.98
	0.75

	(G4)
	avg (7)
	6.87
	4.80
	7.46
	4.93
	15.06
	17.73
	17.93

	
	avg (8)
	8.50
	5.66
	8.50
	5.66
	10.33
	17.83
	16.83

	
	avg (9)
	6.17
	4.83
	7.50
	4.16
	12.83
	16.16
	17.00

	
	avg (10)
	7.33
	4.66
	7.16
	5.00
	18.66
	19.16
	17.66

	
	avg (11)
	6.63
	4.75
	6.50
	5.00
	17.37
	16.12
	17.87

	
	p
	0.480
	0.667
	0.551
	0.635
	0.440
	0.690
	0.989

	(G5)
	avg (H)
	7.50
	5.08
	7.58
	4.83
	16.58
	16.25
	16.50

	
	avg (P)
	7.79
	5.21
	7.85
	5.14
	17.57
	19.21
	18.50

	
	avg (U)
	5.42
	4.25
	6.50
	4.75
	12.83
	16.00
	16.75

	
	avg (G)
	8.00
	5.33
	8.00
	5.33
	17.66
	19.33
	21.00

	
	p
	0.03*
	0.22
	0.38
	0.89
	0.17
	0.15
	0.42

	(G6)
	avg (L)
	7.11
	4.92
	7.47
	4.86
	16.00
	17.50
	17.50

	
	avg (M)
	4.50
	4.00
	5.00
	6.00
	15.00
	14.00
	17.50

	
	avg (S)
	9.00
	6.00
	9.00
	6.00
	14.00
	21.00
	21.00

	
	p
	0.27
	0.44
	0.20
	0.50
	0.92
	0.38
	0.79

	Notes:

G1: Sex of child (Male/Female); G2: Is asthma breakout due to emotional changes? (Yes/No) G3: Parent's age (I:41-50 years old, II:51-60 years old); G4: Child’s age from 7 to 11 years old; G5: Parent’s education level, H = high school, P = professional school, U = bachelor by university, G = master or doctor by graduate school; G6: Severity of children asthma, L = light intermittent asthma, M = light continuous asthma, S = severe continuous asthma; p = p-value in statistics, where, *p<0.05; avg = average points in statistics;

Avg with underline: identical to or under the acceptable threshold


According to the results shown in Table 2, most of the variables indicate that average values of the groups in each domain are not over the acceptable thresholds of satisfiability scales. It implies the participant patients would like to accept the asthma e-Healthcare services for daily self-management of the disease. Some of they probably had difficulties or never experienced in using a novel Web-based system due to age level, but the group (G3) and (G4) show no significant difference to operate the simple-design interface. However, due to the threshold data with underline in group (G6), the system could not completely satisfy the users who have asthma outbreak due to emotional changes or are severe in asthma status. Furthermore, a significant difference (i.e. p≤0.05) can be found in group (G1) for domain (f) (p=0.05), and group (G2) for (e) (p=0.04), (g) (p=0.03). It infers that the children in various sexes have various difficulties in using the system. Fluency of running the system and convenience of managing the interface are both domains affected by the children with asthma in emotional changes. Particularly, age and severity of children as well as age and education level of parents do not respond any significant differences in fluency of running the system, difficulty of operating the system, and convenience of managing the interface (i.e., the domain (e), (f), (g)). We learned that the health conditions and sexes of children probably effect their attempt to enforce self-management capabilities through the eAsthmaCare system.
Regarding those unsatisfactory returns, we shared the experiences with the participants, including patients, physicians and healthcare professionals, through the routine healthcare seminars for problem solving. The discussion discovered positive and negative feedback that can be referred to the past studies for improving patient-physician communication and chronic illness care [48]-[50]. The positive groups were aware of advantages of healthcare in self- management by monitoring asthma data routinely and remotely with the Web-based e-Healthcare system that offers online query and statistics of health informatics from hospital. The physicians and healthcare professionals were benefited by realizing more detailed morbidity of patients because of real-time online analytical and diagrammatical reports. However, the opposite groups revealed a few thinkable difficulties. For example, the children usually felt uncomfortable when finishing the diary under supervision of parents (otherwise they would rather play online game); the parents, who were under heavy daily workloads, wanted pure diary input but against the management interface with complicated functions; the patients, who were used to managing records and were familiar with paper diary, had barrier to accept new technique. Both of groups provided supportive suggestions for continuous development.
In summary, the use of the proposed asthma e-Healthcare system was feasible to help the asthmatic children and their parents to enhance capability of self-management for monitoring health conditions. Thus, the system design would be upgraded by more user-friendly interface for convenient mobile devices in future study to eliminate the discussed conflicts and improve the practical strategy.
5. Conclusion Remarks

In this study, we designed a Web-based self-management system, eAsthmaCare, on e-Healthcare services for the children with asthma in Taiwan. The system was constructed by five-tier framework with real time clinical decision support functions for immediate online analyses by asthma diary, QOL assessment and health educations. Five multi-disciplinary portions, including online asthma diary, remote asthma assessment, instantaneous asthma alert, asthma health education, and diagrammatical clinic support, were created by online diagram in an expandable infrastructure. Details of the design and development methodology are explained in this paper, thus the diagrammatical interfaces are performed as the results. The proposed system was implemented in hospital to examine satisfiability and feasibility of the self-management functions. Thus, an assessment of satisfiability within the using system was offered for approving the development. As a result, the average scores of seven domains were scaled in the acceptable range to ensure feasibility of the system. In conclusion, the developed system can enhance healthcare in self-management for asthmatic children and their parents.
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