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摘要 Summary 

問卷調查為健康醫療領域常使用的資料蒐集方法，其實施上不僅耗費人力與金錢，也常因難以避免的人為輸入錯誤而造成困擾。 For the health care field survey data collection methods commonly used, its implementation, not only labor-intensive and money, and is often difficult to avoid because of human input error caused by disturbance. 本研究主要利用圖型辨識技術，來研究與設計出自動化問卷處理系統 (QBISSS ： Questionnaire-Based Integrated Services Survey System) 的核心辨識引擎 (core engine) ，其將可迅速且有效地辨識出問卷結果，其並可彈性地搭配問卷輔助設計系統與統計分析圖報表軟體來對整個問卷調查流程做全方位的協助。 This study used pattern recognition techniques, to study and design of the automated questionnaire processing system (QBISSS: Questionnaire-Based Integrated Services Survey System) core recognition engine (core engine), it will be able to quickly and effectively identify the questionnaire results, The questionnaire can be flexible with CAD systems and statistic analysis software to report on the survey process in all aspects of assistance. 在 QBISSS 的系統架構上，依問卷處理的流程順序主要可分為三個模組，分別是電腦輔助問卷設計系統（ CAQDS ： computer-assisted questionnaire design system ） In QBISSS system architecture, according to a questionnaire dealing with the order process can be divided into three modules, namely, computer-aided design system questionnaire (CAQDS: computer-assisted questionnaire design system) 、問卷辨識核心引擎（ QR engine ： questionnaire recognition engine ）和問卷資料的統計與分析工具（ SA tool ： statistic and analysis tool ）。 Questionnaire identified the core engine (QR engine: questionnaire recognition engine) and questionnaire data statistics and analysis tools (SA tool: statistic and analysis tool). 而在研究結果中可發現，在處理問卷的速度與正確率上，自動化問卷處理系統都明顯優於傳統人工處理問卷的方式，是故其將可有效提高研究調查品質，並加速問卷調查的流程。 In the study can be found in the processing speed and accuracy of the questionnaire, the automated questionnaire processing system are obviously superior to the traditional manual way of dealing with the questionnaire the actual occurrence of it will effectively improve the quality of research studies and to speed up the process of survey . 
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1. 前言 Preface 

在各種的田野調查中，傳統的紙本問卷調查是其最常使用的工具，然而其卻有著許多的不便與缺點，當面對要輸入大量的問卷資料到電腦中時，人為錯誤往往容易發生，如此一來不但使得研究費時費力、成本提高，其可信度也因而降低 [1][12] 。 In a variety of field survey, the traditional paper survey is the most commonly used tool, but it has had a lot of inconvenience and shortcomings, when faced with a large number of questionnaire data to be input to the computer, the human errors are often vulnerable, This way not only makes the research time and effort, costs, their credibility is thus reduced [1] [12]. 

而問卷調查的成本至今仍是相當高，從設計問卷、派送問卷、填寫問卷、回收問卷和輸入問卷資料至資料庫中，到之後的資料變數設定和統計分析，其中每一個過程都是需要花費相當的成本、時間和人力。 The survey cost is still quite high, from the design of the questionnaire, sending the questionnaire, fill out questionnaires, survey questionnaire and input data to the database to the variables set after the data and statistical analysis, in which each process takes considerable cost, time and manpower. 平均請人去做一份問卷調查工作，包含之後將問卷結果輸入資料庫的人力成本約需花一百元左右；若選擇將回收的問卷全部交由專業統計公司來處理 ( 包含：資料輸入、建立資料庫、建立 CODE BOOK 和基本的統計分析與描述 ) ，平均一份問卷就已經需要約一百四十元左右的花費 [3][10][11][20] 。 The average person to do a survey, please work, including the questionnaire results will be entered after the database is about the human cost spent about 100 yuan; If you select all the returned questionnaires will be handed over to the professional company to deal with statistics (including: data input, establish a database to establish CODE BOOK and basic statistical analysis and description), a questionnaire has already required an average of about 140 yuan or so to spend [3] [10] [11] [20]. 

本研究主要利用圖型辨識技術，以設計出自動化問卷處理系統的核心辨識引擎，其將可協助問卷調查流程的自動化，進而提昇問卷調查品質、降低成本和減少人為錯誤的發生 [13][14][15][16][17][21] 。 This study used pattern recognition techniques to design the core of automated questionnaire processing system recognition engine, the survey will help automate the process, improving survey quality, lower costs and reduce the incidence of human error [13] [14 ] [15] [16] [17] [21]. 

2. 研究方法 Research Methods 

1. 開發工具： Tools: 

· 硬體方面：使用 NEC VERSA SXI NOTEBOOK(CPU:800MHz ， Memory ： 256Mb RAM) ； MICROTEK 5600 SCANNER 。 Hardware: the use of NEC VERSA SXI NOTEBOOK (CPU: 800MHz, Memory: 256Mb RAM); MICROTEK 5600 SCANNER. 

· 軟體方面：在 Windows 2000 Professional 作業系統平台上，使用 Microsoft Visual Studio.NET 2003 軟體開發工具與 C# 語言來開發系統。 Software side: Windows 2000 Professional operating system platform, using Microsoft Visual Studio.NET 2003 C # software development tools and language to develop the system. 

2. 系統設計架構： System Architecture: 

如圖 1 所示，在整個自動化問卷處理系統中主要可分為三個模組，其依問卷處理的流程順序分別為： Shown in Figure 1, in the automated questionnaire processing system can be divided into three modules, the process according to the order of the questionnaire dealt with were: 

· 電腦輔助問卷設計系統 (CAQDS ： computer-assisted questionnaires design system) ：其主要功能在協助使用者對問卷的設計與編排，並也包含了完成問卷資料欄位的定義 (QD ： questionnaires definition) 與問卷辨識定位的工作。 Computer Aided Design System Questionnaire (CAQDS: computer-assisted questionnaires design system): its main function to assist users in the design and layout of the questionnaire, and also contains data fields to complete the questionnaire definition (QD: questionnaires definition) and the questionnaire identified Location of work. 

· 問卷辨識核心引擎 (QR engine ： questionnaires recognition) ：其為自動化問卷處理系統的核心引擎，主要功能在自動化地準確地辨識出問卷的資料結果。 Identification of the core questionnaire engine (QR engine: questionnaires recognition): The automated questionnaire processing system for the core engine, the main function of the automated questionnaire to accurately identify the information the results. 而其問卷辨識率將為本研究作為結果評估的重要指標。 Recognition rate while the questionnaire-based study will evaluate as an important indicator of the results. 

· 問卷資料的統計與分析工具 (SA tool ： statistic and analysis tool) ：其主要功能為替使用者做基本的問卷資料統計分析與圖報表的產生。 Statistics and survey data analysis tools (SA tool: statistic and analysis tool): its main function is for users to do basic statistical analysis of questionnaire data and chart report produced. 

而為了保有系統之彈性需求，各部份皆可選擇人工作業方式或由電腦來做自動化的輔助處理。 In order to maintain the flexibility of the system requirements, all the parts are given the option manual operations or by the auxiliary computer to do automatic processing. 

Figure 1: Chart of automated questionnaire processing system 

Questionnaire format is designed to: 

As far as possible to check the checkbox for all forms of questions to answer mode designed to simplify the questionnaire identification difficult. In order to improve the recognition rate and Drawing questionnaire corrected it twists and turns, the background questionnaire were content to be in the top left, top right and bottom left corner to apply the three different special (Ripple 45 o angle fan) for the base map (as shown in Figure 2 ), to deal with the questionnaire scanning image file rotation problem occurs, you can do on the checkbox positioning of the calibration point; of course, if the use of CAQD to aid design of the questionnaire, then the base map will be applied automatically without having to worry about. 

Figure 2: Questionnaire design background base map - (Ripple 45 o angle fan)
1. Scanning Drawing specifications: 

 All questionnaires will be scanned into a 200dpi black and white about 1700 X 2330 pixels in the BMP image file, the average size is about 500KB or so of each questionnaire. 

2.  Core recognition engine design 

· Positioning method: questionnaire form prior to positioning the demand elasticity, instead of the anchor position or offset built-in fixed in the code (similar to the way the answer card), but with the user flexibility in the QD using CAQDS from OK questionnaire for any of the original pre-positioning of work to do (with checkbox and type of anchor positioning map). 

· Identification of calibration method: first of all identify the focus of the questionnaire is to be able to find out the orientation plan for all types of positioning points (upper left, upper right and lower left, a total of three), to back all the checkbox to do three-point positioning correction. Positioning graphics are located at open edge of the three corners of the questionnaire, the questionnaire to answer than as the main content area checkbox background or difficult to answer the questionnaire by the disturbance to affect the recognition rate, and its recognition features are more obvious obviousness take.   In order to cope with the questionnaire Drawing scanning problem may occur when the (offset, distortion, rotation, partial shading, blur and size change), so the correct identification of the positioning point with offset and calibration matrix method to do a comprehensive correction, which correction matrix due to higher probability of success of correction, so the relative weight given to the impact of a higher value. 

· offse t: it is the anchor point offset between the use of offset can be quickly made for positioning the anchor point correction, but because of its short distance values, changes in the relative risk reduction. But more difficult to deal with the questionnaire and the size of the image file rotation changes. 

· Correction matrix: In this study using the affine mapping functions-2D affine transformation method. Drawing on a questionnaire to find out all the different types of anchor positioning map, the old and the new type of anchor positioning map a total of six coefficients, resulting in a correction matrix to the positioning of all the old point to do calibration checkbox. Calibration matrix can be successfully avoided the questionnaire image file offset, rotation and size changes. Description example: 

 Database stored in the original location of the old graphics anchor: A (x 1, y 1), B (x 2, y 2), C (x 3, y 3), and system identification to find a new location for the graph positioning point A '(u 1, v 1), B' (u 2, v 2), C '(u 3, v 3) apply the formula for the coefficient (1), with a view to the anti-matrix, such as formula (2) the said anti-matrix which then proceeds to rearrange the elements, such as correction matrix formula (3) below, and finally stored in the original database checkbox of the old anchor point: D (m, n) as the coefficient of the calibration matrix , set into the formula (4) can be obtained checkbox of the new anchor point D '(p, q). 

	
	(1) (1) 
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·  Result 

·  Prototype test results following: 

1. CAQDS stage: User could questionnaire format requirements system requirements, preparation and design of the questionnaire on their own after the original paper questionnaires scanning image file using the questionnaire data to define the system functions (QD: questionnaires definition) (shown in Figure 3 ), the first selected checkbox with the mouse point location, the system will automatically find the center of each checkbox and entered into a database (XML format shown in Figure 4), pre-positioning of the work to complete the questionnaire, the questionnaire data for the variables and then do definition; or direct use CAQDS to do the questionnaire design and data definition of the work [19] [22] [25] [26]. 

Figure 3: System Definition screen questionnaire data 

Figure 4: XML format database file 

QR engine stages: the recovered through various channels in the questionnaire, the next survey is the result of data entry work, and if the electronic format of the questionnaire data, the system can automatically handle of course, if the traditional paper format of the questionnaire, can be through the automatic document feeder with quick scanner to the questionnaire to image file, and then use the system to do the QR engine features the results of the questionnaire answer data input and database identification of the work, the system identification results to view the questionnaire shown in Figure 5 shows, the system will automatically find the questionnaire left, top right and bottom left of the secondary anchor point, to correct from the database to read out the checkbox anchor information, and each checkbox would do the anchor between the amendment and then have to answer The checkbox labeled on the screen for users to check, and the results stored in the database (XML format) in [18] [23] [24]. 

Figure 5: System Identification of the questionnaire results to view the screen 

Figure 6: System Questionnaire results screen 

SA tool stage: the system will automatically adjust to produce the results of the questionnaire data (shown in Figure 6, contains the column names added value and the image file path). Finally the user can choose to use the system built to do basic statistical analysis and statistical analysis reports and statistical charts of output, or output the results statistics to text files (as shown in Figure 7), while the import to the customs use or high-end statistical software (such as: SPSS) to do further statistical analysis and report generation map [2] [4] [5] [6] [7] [8] [9]. 

Figure 7: System Questionnaire results - text file format output screen 

Evaluation of results 

In the CPU: 800MHz, Memory: 256Mb RAM of NOTEBOOK, the respective share of the two copies of the questionnaire content and format of different tests to do. 

Test results of a questionnaire: 31 were all 40 items options paper identification test questionnaire, a questionnaire needs to spend an average identification time of 0.3 seconds, while the image file of the scan takes about 15 seconds, the questionnaire identification accuracy of self-designed questionnaire in the present test was about 99.92%. 

Test results of two questionnaires: 30 were the 113 title options paper identification test questionnaire, a questionnaire needs to spend an average identification time of 0.43 seconds, while the image file of the scan takes about 15 seconds, the questionnaire identification accuracy of self-designed questionnaire in the present test was about 98.82%;. 

Identification of the main reasons is the failure of the questionnaire survey scanning of images is to rotate, distort, or caused by fuzzy too serious, this should be attributed to the use of scanner and automatic document feeder for use for many years too old, which led to improper feed and some regional scanning vague happen. 

On average, the same questionnaire if manually entered, then (40 issue title / survey), a questionnaire took about 20 seconds or so, and manual processing fee is comparatively high, while the mental state of exhaustion and over time will easily lead to input errors; contrast, if a more stable machines and computers do not break to help researchers deal with the questionnaire, then, will be able to do more with less, while improving the quality and quantity of research. 

Paper questionnaire recognition rate with the computer hardware level are closely related, CPU's clock will directly influence the recognition rate, when switching to twice the speed of CPU, the speed of recognition will also increase as a times; the size of the memory with the image file size and number of related, when the image file size is too large and excessive, if the total required memory space than when the information will be temporary due to the hard disk virtual memory, while significantly reducing the speed of recognition. But basically a 200dpi black and white image file BMP survey, only about 500KB each about the size of it, memory usage and Buzhi Yu enough. 

Discuss 

Adjuvant in the information technology under the survey and thus escape the future is bound to be the old manual system to limit the survey, shown in Figure 8, a single questionnaire that can be converted to a variety of different types of transmission media formats (text: paper , web, e-mail; voice) to delivery to a different environment, access to the image, and can integrate a variety of different types of communication tools and equipment (PC, tablet computer, notebook, PDA, mobile phone, telephone), do comprehensive survey of more research-oriented nature. 

Figure 8: System Architecture and the incidence graph 

In the automated processing of paper questionnaires, the most expensive is the scan time, but if shown in Figure 8, the server made centrally by the central office system planning, all users send the questionnaire via the Internet manuscript design and data definitions to the central server, could be provided by the central high-performance computing servers, fast printer, automatic document feeder and scanner to complete its work, this method can not only focus on the utilization of resources, makes the user can only pay a low cost, can be common to hire high-grade equipment and computing power to enhance the processing speed of the questionnaire, but also reduce the use of different specifications of equipment, resulting in decreased accuracy of the questionnaire identified such problems. 

2.  Conclusion 

The results from this study can be found, automated questionnaire to identify possible cost, time and data entry on the accuracy were better than the traditional paper survey operations manual way, which has the following benefits: 

3. Questionnaire to enhance the efficiency of data entry: The pattern recognition technology to complete the questionnaire related rapid identification, in order to effectively improve the traditional manual scoring mode, slow problem. 

4. Reduce the incidence of human error: the model of artificial scoring often occurs lightheaded or pressed the wrong button and so human error, the error probability is not only prohibitively high, but also less likely to be found, many of the wrong information is often invisible among researchers into the theory of reference explanation of the basis points of their problems can be classified in the artificial scoring due to changes in factors too, with people feeling good or bad physical and mental state changes, everything will affect the accuracy of questionnaire data input; is So many silly before transport belt conventional process, is now also have to deal with mechanical automation, machinery, like humans can not Rongyi as Zuochu exquisite crafts, but more suitable for simple and repetitive human work . 

5. Reduce costs and waste of human resources: in the entire survey process can be found, the main costs are the costs of labor costs, because the traditional survey and treatment is heavily dependent on human work, the automation of the questionnaire after treatment , reduced manpower requirements, of course, costs are also reduced. 

6. Enhance the quality and credibility of the study: a good academic research, pros and cons of the survey are directly or indirectly affect the quality and credibility of their research, when the survey costs, naturally there is extra money to increase the sample size , together with the correct data input rate, making the sample data described on the credibility of the mother to explain and thus also greatly improved. 

7. Survey process to enhance fluency and convenience: a questionnaire dealing with diversity and automation, the entire survey process to promote fluency, process each node has also led to closer association, its also invisible to facilitate the increase in number of degree . 

8. Questionnaire to provide a single diversified media type: questionnaire survey in order to make it easier for in-depth interviews with a different perspective to the different interviews, like, different types of questionnaires media delivery format is necessary, but if the same automated questionnaire to all kinds of different media types of the format, and automated recovery integrated with a questionnaire specifications database, which will inevitably bring more wealth for the researchers of research resources, and thus may contribute to a lot of help and The new breakthroughs and discoveries. 

 Thanks: Department of Medicine, National Yang-Ming University, Professor Fan Peizhen provide relevant information 
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