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1、 出席會議論文 

1、 摘要

第十三屆「全球科技管理年會」（以下簡稱本會）於九十三年四月三日至七日召開，為科技管理界之年度大型學術研討會，發表的文章近五百篇，發表者之國籍涵蓋開發及開發中國家，各國科技發展狀況及各項科技管理理論將於本年會發表，本會為一值得觀摩學習之國際研討會，可瞭解世界各國科技政策發展現況及科技管理理論發展現況

2、 行程
	日期
	活動
	備註

	4/4(日)
	搭乘長榮航空由台北飛往洛杉磯
	

	4/5(一)
	由洛杉磯飛抵華盛頓，下榻Dulles International Airport Days Hotel
	

	4/6(二)
	發表二篇論文
	

	4/7(三)
	聽取「發展中國家創新系統」相關論文提報
	

	4/8(四)
	由華盛頓飛抵達拉斯再至舊金山
	

	4/9(五)
	由舊金山飛抵台北
	


參、出席會議報告
出席會議簡報資料如附件二

肆、總結與建議-由發展中國家創新系統論文宣讀中，深刻體認我國產業科技創新應加強與市場創新及科學研究之關聯，才能提昇我國產業科技競爭力，詳細內容如下：
摘要

行政院2002年科技顧問會議建議：「台灣努力的重點應由『漸進式改善型』為基礎的經濟，改弦易轍到『創新突破型』為基礎的經濟」，行政院2003年產業科技策略會議揭櫫我國科技政策將推動「創新型經濟」發展，依此科技政策，我國產業科技發展方向將從「快速追隨」轉型至「突破創新」。

惟要改變至「突破創新」，我們不禁要問下列這些問題，現階段我國產業科技創新體系互動需要突破之處為何？是要增加創新體系內的成員，強化成員創新能耐，活化組織創意，活絡創新產出？或是擴大產業科技創新的縱深，從創意、創新至創業一併考量？或是要拓展以「製程」為主之創新，至以「市場創新」或「科學研究」為驅動之創新？一連串的問題，需要大家一起集思廣義，尋求答案。

本文試由我國產業於創新價值鏈活動強度之強弱，來說明我國產業科技創新應拓展至以「市場創新」及「科學研究」為驅動之創新，並說明目前政府推動現況。

肆-壹、前言

由於經濟部設立促進產業發展之產業科技研究機構，委託研究機構執行科技專案產出研究成果，並將研究成果移轉至業者或直接成立衍生公司至外界，使得我國我國產業科技發展與產業發展密切相關。

另一方面，我國科學研究主要由大學執行，大學的任務有二，一為培育人才，以為社會及產業所用，另一為挖掘新知，於期刊上發表論文，擴散新知識。

在這要的定位及任務下，我國產業（含產業科技研究機構）及大學在創新方面之產出，幾乎處於平行發展的狀態，導致這二大在創新體系之成員，個個表現優異，但因欠缺有效連結介面，使得二者創新互動無法有效連結。

本文試由創新價值鏈為基礎，引用我國在美國專利數據分析，說明我國具競爭力及市場價值之創新高度集中在高科技產業之「製程」創新，而源自「市場創新」或「科學研究」創新比例甚低。

經濟部已正視此一問題，逐步推動源自「市場創新」及「科學研究」之產業科技創新，以擴展我國產業科技創新範圍，由「製程」向「市場」及「科學」二端延伸，同時，新增「大學」為產業科技創新體系內之重要成員，以期運用其蓄積之創新及研究能量，給予暨有產業科技體系新的外界刺激，以活絡新型態之產業科技創新。

推動源自「市場創新」及「科學研究」之產業科技創新方面，經濟部運用國內大學管理及商學研究之能量，規劃由「市場」或「生活」出發，以求發展出基於學理基礎之產業科技創新新模式；另一方面，經濟部運用以建構完善之國內大學科學研究體系，鼓勵國內具產業科技研究能力之大學，進行科學含量高之前瞻創新產業科技研究，同時亦鼓勵國內產業科技研究機構與大學加強合作，以產出原創性之智慧財產權。
以下介紹我國產業近三十年之發展過程，來說明我國產業科技發展與產業發展間之關係密切，並藉由產業調查數據及專利科學關聯度之指標，來說明我國產業科技創新係以「製程」為主，源自「市場創新」及「科學研究」之創新較少，為補強此種連結性低的問題，本文將說明政府現行之因應政策措施及推動現況。

肆-貳、我國產業科技發展與產業發展密切相關

1970年代，台灣的經濟發展係以勞力密集型之輕工業為主，紡織、塑膠及家電等產業，於世界經濟舞台扮演重要之角色，由於這些產業的蓬勃發展，使得我國由入超國轉型成為出超國。

由於當時爆發石油危機，對於缺乏並倚賴以天然資源為經濟發展基礎之台灣，經濟發展受到非常大之影響，因此政府亟思產業轉型之道，希望台灣的經濟發展能以產業科技發展為基礎，以取代天然資源為基礎的經濟發展，所以政府於1973年設立工業技術研究院（以下簡稱工研院），發展產業科技，以帶動新型態之經濟發展。

為迅速發展適合台灣經濟發展之產業科技，政府及工研院運用技術引進策略，將高科技由海外移轉至國內，並在國內植根，例如工研院於1975年由美國無線電公司（RCA）引進之金屬氧化互補半導體技術(CMOS)，將半導體技術植根於台灣。

半導體技術於台灣植根之後，政府及工研院運用人才培養、海外科技人才引進及成立衍生公司之策略，逐步推動半導體產業之發展，例如，1980年工研院衍生成立聯華電子公司，1986年成立台灣積體電路公司，二家公司目前為全世界晶圓代工前二大之公司。

隨著晶圓代工製造的發展，相關上中下游之設計、封裝、測試、光罩等產業亦逐步發展起來，使得我國半導體產業已具備晶圓代工、設計、光罩、封裝及測試之完整垂直分工體系，2003年我國整體半導體製造業產值位居世界第4位，其中設計業產值僅次於美國，而專業代工製造產值位居全球第1，而個人電腦、光電及通訊等產業發展亦循此模式發展。

由於政府、工研院與產業間之密切互動，使得產業科技之發展能有效支援產業之發展，使得台灣成為全球高科技產業製造重鎮（如表1），多項產品市場佔有率位居全球第1（如表2）。
	表1 2003年我國高科技產業產值佔世界總產值比重(括弧內為產值所佔百分比)

	
	Rank 1st
	Rank 2nd
	Rank 3rd
	Rank 4th

	IT hardware production
	US(28.2%)
	China(22.2%)
	Japan(10.1%)
	Taiwan(5.4%)

	Semi-conductor Production
	US(51%)
	Japan(25.6%)
	S. Korea(8%)
	Taiwan(7.8%)

	TFT-LCD Production
	S. Korea(46.3%)
	Taiwan(34.5%)
	Japan(19.2%)
	-

	資料來源：2004年經濟部技術處ITIS計畫辦公室 




	表2  2002年我國產值/產量世界第一之產品

	IC

	
	Market shares/Production
	World Penetration

	Foundry
	US$6,070M
	72.9%

	Mask ROM
	US$400M
	56.7%

	IC Packaging
	US$2,285M
	30.4%

	Computer & Peripheral Devices

	Notebook PC
	US$11.6B
	23.9%

	LCD Monitor
	US$2,308M
	41.1%

	CD-R Disk
	468B Pcs
	83.3%

	CD-RW Disk
	167.2M Pcs
	70.3%

	DVD Disk
	257M Pcs
	74.5%

	PC Camera
	8.7M Sets
	58.0%

	Networking Products

	Ethernet Card
	35.8M Ports
	66.0%

	Hub
	41.9M Ports
	74.8%

	ADSL Modem
	5.1M Sets
	59.6%

	Wireless LAN
	US$482M
	29.5%

	Analog Modem
	38.8M Sets
	41.7%

	Other

	Hand Tools
	US$1,196M
	16.8%

	ABS Resin 
	982K M.T.
	22.4%

	資料來源：2004年經濟部技術處ITIS計畫辦公室，單位：B:Billion, M:Million, K:Thousand, M.T.:Metric Ton


肆-參、製程創新為產業科技競爭力之來源

由於工研院與產業界互動緊密，使得台灣產業科技發展能有效支援產業發展，使得高科技產業蓬勃發展，導致台灣具競爭力及市場價值之創新主要源自這些高科技產業及相對應之產業技術研究機構之創新產出，此方面的觀察，可由以下的專利資料分析得知。

我國在美國所獲得之所有型式專利及發明式專利數從2000年起，已連續4年蟬連第4名，每百萬人之所有型式專利數已從2000年起，連續4年蟬連第2，每百萬人之發明型專利數已從2000年起，連續4年蟬連第3（如表3及表4），而我國在美國發明型專利之技術知識擴散貢獻比重逐年上昇，由1990年的第10名上升至2001年的第3名（如表5）。
以產業領域別來看，我國半導體產業在美國1999-2003年獲得半導體元件類之專利核准數排名第3，其中以程序類專利佔77%，為數最多（表6），而台灣半導體專利同時已被美國、日本、南韓等在半導體產業具競爭力國家廣泛引證（表7）；而電腦通訊及平面顯示器等產業在美國所獲得之專利數亦呈現成長之趨勢（表8及表9）。
由於我國在美國「專利生產力」及「專利引證次數」表現優異，使得我國的產業科技競爭力逐步受到國際肯定，根據2003年瑞士洛桑學院（International Institute for Management Development, IMD）“The World  Competitiveness Yearbook”  全球人口超過2000萬之國家，台灣科學基礎環境(Science Infrastructure)全球排名第5
，產業科技基礎環境(Technology Infrastructure)全球排名第6；另外，
根據2003年WEF“ The Global Competitiveness Report”，台灣產業科技指標(Technology index)全球排名第 3，創新指標( Innovation subindex)全球排名第2，資訊通訊技術指標(ICT subindex)全球排名第7。
	表3  2003年美國專利核准件數之國家排名    單位：件，%

	
	
	件數
	佔有率
	成長率

	排名
	國家
	1990
	2002
	2003
	1990
	2002
	2003
	2003
	1990-2003

	所有專利

	1
	美國
	52,977
	97,188
	98,638
	53.39
	52.67
	52.71
	1.49
	4.90

	2
	日本
	20,743
	36,363
	37,276
	20.91
	19.71
	19.92
	2.51
	4.61

	3
	德國
	7,862
	11,959
	12,141
	7.92
	6.48
	6.49
	1.52
	3.40

	4
	台灣
	861
	6,730
	6,679
	0.87
	3.65
	3.57
	-0.76
	17.07

	5
	南韓
	290
	4,009
	4,131
	0.29
	2.17
	2.21
	3.04
	22.67

	發明型專利

	1
	美國
	47,390
	87,033
	87,938
	52.44
	51.98
	52.00
	1.04
	4.87

	2
	日本
	19,525
	34,882
	35,543
	21.61
	20.83
	21.02
	1.89
	4.72

	3
	德國
	7,614
	11,282
	11,444
	8.43
	6.74
	6.77
	1.44
	3.18

	4
	台灣
	732
	5,430
	5,300
	0.81
	3.24
	3.13
	-2.39
	16.45

	5
	南韓
	225
	3,786
	3,943
	0.25
	2.26
	2.33
	4.15
	24.64

	設計型專利

	1
	美國
	5,069
	9,325
	10,049
	63.17
	60.35
	60.62
	7.76
	5.41

	2
	日本
	1,137
	1,364
	1,567
	14.17
	8.83
	9.45
	14.88
	2.50

	3
	台灣
	129
	1,295
	1,371
	1.61
	8.38
	8.27
	5.87
	19.94

	4
	德國
	182
	509
	510
	2.27
	3.29
	3.08
	0.20
	8.25

	10
	南韓
	65
	211
	186
	0.81
	1.37
	1.12
	-
	8.42

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告


	表4   近5年在美國每百萬人口之所有型態專利件數及發明型專利件數排名前5大國家

	所有專利

	1999
	2000
	2001
	2002
	2003

	國家
	件/人年
	國家
	件/人年
	國家
	件/人年
	國家
	件/人年
	國家
	件/人年

	美國
	334
	美國
	340
	美國
	343
	美國
	334
	美國
	339

	日本
	256
	台灣
	261
	台灣
	293
	台灣
	300
	台灣
	297

	台灣
	205
	日本
	259
	日本
	274
	日本
	285
	日本
	292

	瑞士
	194
	瑞士
	203
	瑞典
	218
	瑞士
	214
	瑞士
	200

	瑞典
	174
	瑞典
	196
	瑞士
	217
	瑞典
	206
	以色列
	199

	發明型專利

	美國
	298
	美國
	298
	美國
	304
	美國
	299
	美國
	302

	日本
	245
	日本
	246
	日本
	261
	日本
	274
	日本
	279

	瑞士
	178
	台灣
	210
	台灣
	240
	台灣
	242
	台灣
	236

	台灣
	168
	瑞士
	184
	瑞士
	198
	瑞典
	197
	以色列
	189

	瑞典
	158
	瑞典
	178
	瑞典
	197
	瑞士
	190
	瑞士
	183

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告


	表5  主要國家在美國發明型專利之技術知識擴散貢獻比重

	1990
	1995
	1999
	2000
	2001

	名次
	國別
	百分比
	名次
	國別
	百分比
	名次
	國別
	百分比
	名次
	國別
	百分比
	名次
	國別
	百分比

	1
	美國
	60.75
	1
	美國
	64.02
	1
	美國
	61.42
	1
	美國
	59.21
	1
	美國
	55.71

	2
	日本
	20.94
	2
	日本
	19.08
	2
	日本
	19.33
	2
	日本
	19.64
	2
	日本
	20.65

	3
	德國
	5.39
	3
	德國
	3.90
	3
	德國
	3.65
	3
	台灣
	4.55
	3
	台灣
	6.37

	4
	英國
	2.48
	4
	英國
	1.90
	4
	台灣
	3.27
	4
	德國
	4.02
	4
	德國
	4.28

	5
	法國
	2.24
	5
	法國
	1.84
	5
	南韓
	2.11
	5
	南韓
	2.11
	5
	南韓
	2.43

	6
	加拿大
	1.83
	6
	加拿大
	1.83
	6
	加拿大
	1.94
	6
	加拿大
	1.93
	6
	加拿大
	2.11

	7
	瑞士
	0.94
	7
	台灣
	1.50
	7
	英國
	1.69
	7
	英國
	1.82
	7
	英國
	1.74

	8
	義大利
	0.84
	8
	南韓
	0.99
	8
	法國
	1.55
	8
	法國
	1.51
	8
	法國
	1.51

	9
	荷蘭
	0.74
	9
	瑞士
	0.66
	9
	瑞典
	0.69
	9
	瑞典
	0.78
	9
	瑞典
	0.65 

	10
	台灣
	0.66
	10
	瑞典
	0.62
	10
	義大利
	0.57
	10
	義大利
	0.62
	10
	義大利
	0.53

	
	總計
	100.00
	
	總計
	100.00
	
	總計
	100.00
	
	總計
	100.00
	
	總計
	100.00

	資料來源：林秀英，2003年經濟部技術處委託台灣經濟研究院「知識經濟之創新競爭力評比」研究報告


	表6  主要國家在美國1999-2003年獲得半導體元件類之專利核准數

	
	總計
	美國
	日本
	台灣
	南韓
	德國
	新加坡

	主動固態元件 (電晶體、二極體)
	16,159
	6,474
	6,130
	1,162
	918
	485
	92

	電子數位邏輯電路
	2,562
	1,717
	439
	51
	84
	60
	5

	半導體元件製造：程序
	24,090
	10,756
	5,311
	4,068
	2,035
	503
	431

	超導技術：設備、材料及程序
	348
	176
	109
	0
	3
	24
	0

	半導體元件合計
	43,159
	19,123
	11,989
	5,281
	3,040
	1,072
	528

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告


	表7 台灣半導體專利被各國引證之分佈 (單位%)

	國家
	1991
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	1991-2001

	美國
	34.44
	48.22
	42.55
	43.70
	36.79
	31.84
	31.33
	27.23
	39.57

	台灣
	18.67
	28.38
	34.44
	34.50
	39.47
	45.68
	47.54
	43.75
	36.99

	日本
	30.71
	11.62
	11.20
	9.98
	10.50
	9.99
	9.28
	11.61
	11.26

	南韓
	8.30
	7.88
	7.60
	7.55
	7.74
	7.27
	6.44
	11.61
	7.35

	新加坡
	0.83
	1.29
	1.73
	2.17
	2.40
	2.71
	2.57
	2.23
	2.00

	德國
	2.49
	1.16
	0.67
	0.88
	1.11
	0.86
	0.55
	0.89
	0.95

	資料來源：林秀英，2003年經濟部技術處委託台灣經濟研究院「知識經濟之創新競爭力評比」研究報告


	表8 主要國家在美國1999-2003年獲得電腦與通訊類之專利核准數

	
	總計
	美國
	日本
	南韓
	德國
	英國
	加拿大
	法國
	台灣

	通訊
	56,789
	31,103
	11,422
	1,760
	2,203
	1,576
	1,634
	1,449
	834

	電腦硬體與軟體
	60,925
	39,266
	11,595
	1,176
	2,099
	1,273
	958
	966
	681

	電腦週邊
	18,923
	8,566
	7,272
	579
	214
	361
	350
	157
	373

	資訊儲存
	25,687
	11,486
	10,061
	1,699
	468
	186
	120
	246
	516

	電腦與通訊類合計
	162,324
	90,421
	40,350
	5,214
	4,984
	3,396
	3,062
	2,818
	2,404

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告

	表9  主要國家在美國1999-2003年獲得平面顯示器之專利核准數

	
	總計
	日本
	美國
	南韓
	德國
	英國
	台灣
	加拿大
	法國
	比利時
	以色列
	荷蘭

	液晶單元、元件及系統
	3,253
	1,957
	484
	498
	31
	77
	92
	7
	11
	2
	5
	32

	光學：量測與測試
	4,854
	1,027
	2,565
	44
	403
	104
	81
	123
	96
	12
	80
	49

	光學：系統與元件
	10,428
	3,893
	4,407
	274
	461
	323
	176
	194
	173
	14
	74
	76

	影像分析
	6,837
	2,353
	3,346
	196
	137
	124
	93
	96
	117
	16
	92
	48

	電子攝影
	4,829
	3,355
	1,029
	214
	95
	22
	34
	6
	3
	33
	12
	13

	化學輻射顯像：製程、組成或產品
	8,477
	3,655
	3,081
	291
	296
	173
	307
	139
	74
	263
	33
	43

	合計
	38,678
	16,240
	14,912
	1,517
	1,423
	823
	783
	565
	474
	340
	296
	261

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告


肆-肆、以市場創新及科學研究為基礎之產業科技創新待強化
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由前述專利資料分析，輔以產業創新價值鏈來看（如圖1），我國產業科技創新偏重於「製程創新」，例如半導體產業以來自製程之專利為數最多，亦被其他國家廣為引證，至於來自「市場創新」或「科學研究」之創新現階段處於何種狀態，我們接下來繼續探討。
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一、產業科技創新與市場創新之關聯度

在「市場創新」方面，根據工研院於2003年調查我國近三年內榮獲各項公開相關創新獎項、服務獎項(針對服務業)以及政府科專計畫補助的廠商，顯示製造業（電子業及非電子業）均以產品、技術及製程之創新為企業主要的創新活動類型，組織及管理創新及市場創新則佔較少比例，例如電子業之產品創新佔49%、技術創新佔33%、製程創新佔15%，三者合計97%（表10）。 

	表10 我國製造業創新活動調查

	
	產品創新
	技術創新
	製程創新
	組織及管理創新
	市場創新

	電子業
	49%
	33%
	15%
	0%
	3%

	非電子業
	34%
	30%
	17%
	9%
	10%

	資料來源：王弓，2003年9月26日行政院第二十四次科技顧問會議預備會議工研院「我國企業創新活動調查結果」簡報資料


而服務業的創新活動類型則以服務內容創新（佔33%）及服務流程創新（佔22%）為主，組織及管理創新（佔16%）、市場創新（16%）及客製化創新（佔13%）等與與市場創新創新較為相關部份，則處於起步階段（表11）。

	表11 我國服務業創新活動調查

	
	服務內容  創新
	服務流程 創新
	組織/管理創新
	市場創新
	客製化

創新

	服務業
	33%
	22%
	16%
	16%
	13%

	資料來源：王弓，2003年9月26日行政院第二十四次科技顧問會議預備會議工研院「我國企業創新活動調查結果」簡報資料


由上可知，我國製造業之創新偏重於「製程創新」，而「市場創新」所佔比例甚低，其中電子業所佔比例又低於非電子業；而在服務業方面，「市場創新」亦低於「服務內容創新」及「服務流程創新」，顯示我國製造業及服務業之創新源自「市場創新」仍處於萌芽階段。

二、產業科技與科學之關聯度

在以科學研究所帶來之產業科技創新方面，我們以我國在美國2000年至2002年之專利科學關聯度（Science Linkage Index, SLI，每篇專利引用之科技文獻數）指標來檢視科學研究對於產業科技創新之支援程度。

2000年我國在美每一發明型專利SLI值為0.18，相較於世界各國之平均值1.9及其他國家如以色列為3.27，加拿大為2.88、美國2.83、英國、2.26，日本0.51、南韓0.42（表12）。

2002年我國所有型式專利SLI值為0.21，而美國為4.46，日本0.99，韓國為0.76）；2003年我國所有型式專利SLI值為0.24，而美國為4.62，日本1.08，韓國為0.86（表13）。

由表12所列出30類產業領域來看，我國SLI值為0計有10類，SLI值低於1而大於0計有15類，這19類型產業，大部份均為生產關鍵零組件之製造業，例如，工具機、電腦及週邊設備、電器產品及電子元件等，SLI值低顯示這些製造業所獲得之專利科學關聯度不高，這些專利高度集中在製程技術。

而SLI值大於1者計有4類，分別為農業、化學品、藥學及生技，集中在農業科技及生技製藥等領域，這些領域所獲得之專利科學度高，但這些產業所獲得之專利數量遠低於生產關鍵零組件為主之高科技產業，例如，2003年我國在美國製藥領域專利數為29件，生物科技領域為15件，而半導體元件專利2003年專利數為921件，我國源自科學為基礎之專利為數尚低，以科學為發展基礎之產業尚待發展。

由上述分析可知，我國科學研究與產業科技形成一道極深之「死亡之谷」（Death Valley, proposed by Vern Ehlers,1998，如圖2），政府應建立一套科學與產業科技中介機制（Intermediary Mechanism），以提高科學關聯度高之產業科技研發。
	表12   2000年主要國家在美國發明型專利之科學關聯係數(Science Linkage Index)

	領域
	世界
	以色列
	加拿大
	美國
	英國
	瑞士
	芬蘭
	德國
	日本
	南韓
	台灣

	Agriculture
	4.57
	15.31
	3.13
	5.77
	3.8
	3.21
	0
	1.43
	1.31
	0.85
	1.49

	Oil &Gas, Mining
	0.55
	-
	0.31
	0.71
	0.49
	0.3
	0.2
	0.09
	0.26
	0
	-

	Power Generation& Distribution
	0.53
	0.57
	1.47
	0.82
	1.27
	0.04
	0.21
	0.41
	0.14
	0.15
	0

	Food & Tobacco
	1.15
	0.36
	1.54
	1.41
	1.32
	0.49
	8.03
	0.37
	0.41
	1.29
	0.05

	Textiles & Apparel
	0.18
	0.28
	0.24
	0.27
	0.31
	0.08
	0
	0.09
	0.02
	0.1
	0.01

	Wood & Paper
	0.16
	0.14
	0.33
	0.18
	0.03
	0
	0.63
	0.06
	0.04
	0
	0.02

	Chemicals
	5.28
	8.55
	8.78
	7.79
	3.13
	4.17
	6.71
	1.87
	1.59
	2.2
	2.36

	Pharmaceuticals
	13.7
	12.63
	20.29
	17.8
	8
	9.23
	8.53
	6.7
	4.33
	3.21
	2.38

	Biotechnology
	20
	15.83
	23.08
	23.9
	14.2
	14.5
	41.2
	11.4
	5.96
	6.62
	7.69

	Medical Equipment
	1.89
	1.53
	0.84
	2.28
	3.41
	0.66
	0.66
	0.35
	0.17
	0.07
	0.05

	Medical Electronics
	3.56
	5.92
	4.8
	4.09
	2.58
	6.55
	3.09
	1.24
	0.46
	0.08
	0.84

	Plastics, Polymers & Rubber
	1.18
	1.44
	1.06
	1.95
	0.8
	0.62
	0.53
	0.62
	0.34
	0.98
	0.21

	Glass ,Clay & Cement
	0.84
	6
	0.4
	1.39
	0.43
	0
	0
	0.31
	0.39
	0.83
	0

	Primary Metals
	0.98
	0
	1.03
	1.62
	0.07
	0.12
	0
	1.12
	0.17
	0.29
	0

	Fabricated Metals
	0.88
	0
	0.34
	1.47
	0.11
	0.2
	0.84
	0.24
	0.44
	0.73
	0.16

	Industrial Machinery & Tools
	0.13
	0.27
	0.15
	0.19
	0.06
	0.02
	0.04
	0.09
	0.05
	0.06
	0.01

	Industrial Process Equipment
	0.77
	0.32
	0.77
	1.19
	0.36
	0.23
	0.98
	0.17
	0.24
	0.12
	0

	Office Equipment & Cameras
	0.48
	0.65
	0.68
	0.97
	0.66
	0.49
	0
	0.31
	0.14
	0.3
	0.08

	Heating, Ventilation, Refrigeration
	0.2
	0
	0
	0.35
	0
	0
	0
	0.21
	0.03
	0.01
	0

	Miscellaneous Machinery
	0.17
	0.03
	0
	0.28
	0.06
	0.01
	0
	0.05
	0.04
	0.02
	0

	Computers & Peripherals
	1.37
	1.46
	1.81
	1.85
	2.23
	0.87
	1.17
	0.99
	0.52
	0.15
	0.26

	Telecommunications
	0.99
	1.84
	1.02
	1.39
	1
	0.75
	0.3
	0.63
	0.43
	0.23
	0.38

	Semiconductors & Electronics
	1.21
	3.5
	2.23
	1.78
	2.71
	0.75
	1.43
	1.04
	0.88
	0.49
	0.22

	Measurement & Control Equipment
	1.08
	1.41
	1.73
	1.5
	1.44
	0.58
	0.69
	0.48
	0.4
	0.38
	0.09

	Electrical Appliances & Components
	0.31
	2.13
	0.58
	0.42
	0.18
	0.27
	0.65
	0.18
	0.18
	0.24
	0.07

	Motor Vehicles & Parts
	0.09
	0
	0.03
	0.14
	0.07
	0
	0
	0.07
	0.05
	0
	0

	Aerospace & Parts
	0.38
	1
	0
	0.55
	0.06
	0.12
	-
	0.15
	0.13
	0
	0

	Other Transport
	0.06
	0
	0.04
	0.09
	0.06
	0
	0
	0.1
	0.02
	0
	0

	Miscellaneous Manufacturing
	0.36
	0.93
	0.2
	0.49
	0.16
	0.27
	0.35
	0.18
	0.17
	0.2
	0.04

	Other
	0.44
	0.5
	0.23
	0.5
	0.14
	0.2
	0.12
	0.62
	0.35
	0.76
	0

	All Patents
	1.97
	3.27
	2.88
	2.83
	2.26
	1.57
	1.52
	0.84
	0.51
	0.42
	0.18

	資料來源：林秀英，2003年經濟部技術處委託台灣經濟研究院「知識經濟之創新競爭力評比」研究報告，科學關聯係數為平均每件專利所引用之科技文獻篇數，-為無此項專利


	表13 主要國家在美國2003年核准專利平均文獻引用篇數

	排名
	國家
	專利件數
	專利平均文獻引用篇數

	
	
	
	2002年
	2003年

	1
	美國
	98,638
	4.46
	4.62

	2
	日本
	37,276
	0.99
	1.08

	3
	德國
	12,141
	1.47
	1.65

	4
	台灣
	6,679
	0.21
	0.24

	5
	南韓
	4,131
	0.76
	0.86

	6
	法國
	4,127
	2.11
	2.40

	7
	英國
	4,032
	3.20
	3.59

	8
	加拿大
	3,889
	4.12
	4.85

	9
	義大利
	2,021
	1.49
	1.76

	10
	瑞典
	1,629
	2.30
	2.72

	11
	荷蘭
	1,570
	1.74
	1.75

	12
	瑞士
	1,435
	2.47
	2.72

	13
	以色列
	1,255
	4.09
	4.51

	14
	澳洲
	1,050
	3.33
	3.16

	15
	芬蘭
	945
	2.36
	2.47

	17
	香港
	672
	0.78
	0.52

	20
	新加坡
	460
	1.35
	2.36

	21
	中國大陸
	426
	1.39
	0.96

	資料來源：林秀英，2004年經濟部技術處委託台灣經濟研究院「2003年台灣創新能量分析-以USPTO專利資料為基礎」研究報告




肆-伍、以市場創新帶動產業科技創新

由於我國產業科技創新體系主要成員為產業科技研究機構，產業科技研究機構主要從事技術引進，並在國內加值，移轉業界，因此這些研究機構面對市場及生活需求的刺激，以發展原創性科技的機會較少。

因此經濟部目前引進國內大學商學研究資源至產業科技創新體系內，使得產業科技研究機構有機會能面對市場及生活需求，刺激產出新的創新，另一方面，經濟部鼓勵產業科技研究機構盤點現有之技術，希望能藉由創新科技的運用，來帶動新興事業之發展，以下分別介紹目前推動現況。

一、推動源自市場創新之原創性產業科技發展

   由於我國產業科技研究機構研究人員之專業背景多集中於科學及工程方面，因此研發活動多集中於以科學或工程為主之技術革新，相對來自市場創新或人性需求為主之技術革新較少，因此產業科技研發活動之技術前瞻性大於市場創新之創新性。

又因我國產業發展多元，我國產業科技研究機構之研發多集中於特定產業領域，而帶動該產業之發展，因而缺乏跨領域、跨單位及跨功能之交流激盪，也因此少了此類型創新及創造力產出機會。

爰此，為促使產業科技研究機構多元朝向創新方向發展，激盪跨領域、跨單位及跨功能之研究氛圍，進而營造研究機構創新與創造力環境，經濟部自2004年起請政治大學商學院推動「市場創新與生活科技領航」先期研究計畫，以期活化產業科技研究機構之創新研發活力，同時希望藉由本計畫之推動，能夠帶動來自市場創新及生活領航之產業科技創新。

本計畫之工作項目有三：一為型塑組織內之創意氛圍與文化，二為開築點子銀行之社會網絡，三為領航展望未來生活科技。其中，形塑組織創意氛圍與文化主要工作為診斷組織創新體制及文化氛圍，提出體制、空間、課程、工作坊相關建議；開築點子銀行之社會網絡主要工作為建構創意加值交流平台，搭建前瞻技術與市場應用的橋樑；為領航展望未來生活科技主要工作為調查消費者需求，提供未來科技生活情境的想像，了解科技的潛能(affordance)與限制(constraints)，引領原創性科技發展。

本計畫期望透過三個工作項目，結合各領域專長之學者從各層面去診斷組織問題，提供學理上之依據，並規劃活化組織創意文化、結合市場創新創新需求之相關機制，以建立一套產業科技創新發展模式。
二、以創新科技運用驅動新事業發展
由於經濟部推動科技專案已逾30年，產業科技研究機構已累積相當的產業技術，若能將這些技術予以整合、加值，並加上商業模式分析，能形成科技含量高之新事業發展機會，同時可以流通至外界，供外界運用。

而這些新事業之發展，通常不一定非得發展極前瞻的產業科技來發展，通常是靠著發展創新商業模式來促成，而在促成的過程中，通常需要尋找此發展模式所遭遇及需要解決之問題，並針對此一創新商業模式提供整套解決方案。

有鑑於以創新科技運用驅動新事業發展為台灣亟需發展之項目，經濟部自2002年起請工研院試辦「策略性服務業導向科專推動及運作計畫」，成立推動計畫辦公室，並選擇「全溫層保鮮系統服務」、「遠距居家照護服務」、「全球供應鏈外包系統服務」等三項目進行技術、系統、經營及商業可行性等評估作業。

2004年「全溫層保鮮系統服務」、「遠距居家照護服務」、「全球供應鏈外包系統服務」等三項計畫已進入系統開發階段，以完成該三項系統所需技術整合、系統分析，及系統整合等開發工作，並結合相關業者確實建立此三項新興服務業﹔同時，工研院將選擇「溫泉產業系統服務」、「深層海水產業系統服務」、「無線頻率辨識產業系統服務」及「科技養殖服務系統」等4項以上新興服務系統進行可行性評估，以更進一步運用工研院之技術能量協助國內建立更多的策略性服務業。

未來除繼續推動「策略性服務業導向科專計畫」外，對於適合策略性服務業發展之關鍵技術科技專案，將朝「服務產品」及「新興服務產業技術」之方向進行規劃，另外，經濟部將從2005年起將推動資策會、紡織中心、金工中心、食品所及車測中心等單位共同推動相關之「策略性服務業導向科專計畫」（如圖3）。



肆-陸、推動提高科學關聯度高之產業科技研發現況

一、於大學設立產業科技研發中心

由於我國科學與產業科技關聯度低，於大學設立產業科技研發中心將成為是跨越我國科學與產業科技死亡之谷之重要中介機制之一。

經濟部自2001年起推動學界科專，於大學設立產業技術研究中心，鼓勵國內大學教授組成主題式之研究團隊，以科技為基礎，開發前瞻之產業技術，截至2003年底學界科專已通過29項計畫，設立30項研發中心（表14）。

推動迄今，學界普遍反映主題式研究中心為業界開發產業技術所需，同時已引導大學內許多博士班之學生及博士後研究人才紛紛投入研究，並將產出業界可運用之智慧財產權，另一方面由於研究中心設有業者參與機制（如先期參與或加入會員），可加速釋放研究成果至業界，透過推動跨領域及跨校際之研發合作機制，可將研發成果轉成我國產業發展所需。

這些研究中心目前共提出48項專利申請；發表論文283篇、研究報告110篇，並完成辦理18場研討會；接受來自學界、業界及法人的委託及工商服務件數19件，技術移轉成果件數6件，另產出可移轉產業技術共40項。

另一方面，經濟部亦鼓勵國內產業科技研究機構與大學加強合作，合設研發中心，研發中心之設立可使學術研究機構進行產業技術研究機構所需之前瞻技術研發，產業技術研究機構可轉化學術研究機構之研發成果予業界，產業技術研究機構可補足學界與產業間研發缺口，目前經濟部主管之工研院已與台大、清大、交大、中山、中正等大學合設主題式之研發中心，資策會已與政大合設智慧資本研究中心（學研機構合設研發中心名稱如表15）。
	表14 學界科專計畫


	編號
	領域
	執行學校
	計畫名稱
	研發中心

	1
	通訊光電
	清華大學
	前瞻網路安全處理器及相關SOC設計與測試技術研發三年計畫
	積體電路設計技術研發中心

	2
	通訊光電
	中央大學
	有線/無線通訊整合界面關鍵元件技術開發四年計畫
	光電科學研究中心

	3
	材料化工
	中原大學
	高科技產業廢溶液薄膜分離系統之開發四年計畫
	薄膜技術研發中心

	4
	材料化工
	清華大學
	高頻通訊元件及高性能材料技術五年計畫
	材料科學中心

	5
	通訊光電
	交通大學
	寬頻無線網路關鍵技術研發三年計畫
	電子資訊中心

	6
	材料化工
	成功大學
	有害重金屬污泥減量、減容及資源化關鍵技術之開發與推廣三年計畫
	成大資源再生及管理研究中心
台大環安衛研究中心

	7
	材料化工
	台灣大學
	超高密度奈米資訊儲存技術五年計畫
	奈米儲存研發中心

	8
	生技醫藥
	清華大學
	醣胺素與人工細胞外間質之研究五年計畫
	生物工程中心

	9
	生技醫藥
	陽明大學
	由再生醫學的觀點探討中草藥的活性及其作用機轉三年計畫
	新藥研究中心

	10
	生技醫藥
	台灣大學
	降血糖及抗糖尿病併發症藥效評估技術研究三年計畫
	台大醫學院藥物研究中心

	11
	通訊光電
	交通大學
	微光電系統晶片研發三年計畫
	光電卓越研究中心

	12
	機械航太
	元智大學
	高效率低污染之燃料電池系統關鍵技術開發三年計畫
	燃料電池創新研發中心

	13
	材料化工
	成功大學
	分子生物技術於環境工程應用研究三年計畫
	環境研究中心


	14
	機械航太
	成功大學
	三維噴印核心技術之研究發展三年計畫
	機械科技研發中心

	15
	材料化工
	台灣大學
	前瞻性光電高分子奈米技術與材料之開發三年計畫
	前瞻性光電高分子研發中心

	16
	生技醫藥
	台灣大學
	血管新生相關疾病診斷與治療新技術之研發三年計畫
	血管新生研究中心

	17
	機械航太
	台灣大學
	先進無線生醫保健監測系統之開發三年計畫
	奈米機電中心

	18
	通訊光電
	成功大學
	微米壓印技術及其應用於可撓曲顯示器元件之製作三年計畫
	微奈米科技研究中心

	19
	材料化工
	台灣大學
	綠色化學程序尖端技術四年計畫
	石油化學工業研究中心

	20
	機械航太
	交通大學
	III-V族高頻通訊積體電路覆晶系統構裝（SIP）新製程之設備發展三年計畫
	高頻無線通訊三五族元件製程及構裝實驗室

	21
	管理技術
	政治大學
	智慧資本理論、政策與實務推廣四年計畫
	台灣智慧資本研究中心

	22
	通訊光電
	中山大學
	超頻寬光通訊關鍵性模組技術之研發三年計畫
	南台灣光電卓越研究中心



	23
	通訊光電
	中正大學
	高密度磁阻式隨機存取記憶體之核心技術研發四年計畫
	台灣自旋科技研究中心

	24
	材料化工
	中央大學
	奈米金屬在觸媒反應之應用四年計畫
	奈米觸媒研究中心

	25
	材料化工
	成功大學
	高功能奈米級α-Al2O3粉末之製程技術開發三年計畫
	奈米粉體科技研究中心

	26
	通訊光電
	成功大學
	MPEG-7/21多媒體特徵擷取、意涵理解及資訊探索技術三年計畫
	電機與資訊科技研發中心

	27
	生技醫藥
	陽明大學
	人工關節研發技術開發三年計畫
	醫學工程研究所

	28
	生技醫藥
	國防大學
	中草藥治療重要傳染病之作用機制評估技術平台三年計畫
	中藥臨床試驗中心

	29
	通訊光電
	中央大學
	服務導向之資訊整合機制四年計畫
	軟體研究中心

	資料來源：經濟部技術處學界科專辦公室


	表15 學研機構合設研發中心

	序號
	學研機構名稱
	合設研發中心名稱（主題）

	1
	台灣大學/工研院
	台灣大學工研院奈米科技研究中心（奈米材料）

	2
	清華大學/工研院
	清華大學工研院聯合研究中心（光電）

	3
	交通大學/工研院
	交通大學工研院聯合研究中心（通訊）

	4
	成功大學/工研院
	成功大學工研院微/奈米技術研發中心（微/奈米）

	5
	中山大學/工研院
	中山大學工研院光電聯合研發中心（光電）

	6
	中正大學/工研院
	工具機、自旋電子、育成業務

	7
	中央大學/工研院
	中央大學工研院聯合研發中心

	8
	國家衛生研究院/工研院
	以Micro Array及 Proteomics為基礎發展特定疾病之醫療檢測用Bio-Maker

	9
	國家高速電腦中心/工研院
	計算機模擬支援研發

	10
	同步輻射研究中心/工研院
	同步輻射光束線

	11
	政治大學/資策會
	智慧資本中心

	資料來源：經濟部技術處


二、推動創新前瞻產業科技研發

為突破以「製程」為主之產業科技研發，使得我國產業科技研發能朝向科學含量較高之創新前瞻產業科技研發，行政院於第十九次行政院科技顧問會議要求經濟不科技專案之研究經費中，應提撥一部份(約百分之二十)專注於有前瞻性之研究與發展之工作之結論，又於行政院第五次科技會報中，亦達成政府在政策上應適時提高資助前瞻、創新性之研發經費，以提升產業科技之國際競爭力之決議，在在顯示出政府部門體認科學含量較高之創新前瞻產業科技研發為提昇產業科技競爭力之道。
因此經濟部於2001年起推動創新前瞻科技專案，由工研院執行，本計畫之總目標為：一、研發國內外尚未商業化之產品或技術，可誘導最佳資源投入與運用，以期達到最佳之長程效益；二、研發具有潛力以促使我國產生領導型技術，或大幅提升重要產業競爭力之技術；三、研發具有策略性願景，可在未來產業科技發展中，導致新的產品或新的產業。
截至2003年底止，工研院創新前瞻計畫共產出國內外專利申請805件，專利獲得201件，其中每億元研究經費產出18.3件專利，約為一般科專計畫10.1件之1.8倍，而其中部分專利引用專利文獻及論文文獻之比例，已大幅提昇，被引證次數有所表現，例如2002年有22項專利，合計引用159篇專利文獻，11篇學術文獻，被引證次數為7次，創新前瞻科技專案所產出之專利已提高科學關聯程度（如圖4）。



肆-柒、結語

由本文得知，我國產業科技創新的來源主要源自「製程創新」，來自「市場創新」及「科學研究」之創新較少，政府正積極擴大產業科技創新的範圍，期望能由「製程」向「市場」及「科學」二端延伸，以提昇我國產業科技競爭力。

在提昇市場創新與產業科技創新之關聯度方面，目前經濟部正試辦推動市場創新與生活領航先期研究計畫，以期基於學理依據，研擬產業科技創新模式，以形塑產業科技研究機構之創新及創造力發展環境，帶動原創性科技發展；另一方面，經濟部亦推動策略性服務業科技專案計畫，期望藉由盤點科技專案現有之技術，發展之創新科技，以科技驅動新興事業發展

而在提昇科學研究與產業科技創新之關聯度方面，已推動於大學設立產業科技研究中心，以期導引學界研發能量，產出原創性及科學關聯度高之智慧財產權；同時推動工研院推動創新前瞻科技專案，由近三年之專利產出來看，創新前瞻科技專案所產出之專利已大幅提昇與科學之關聯度。

由於上述計畫仍處於初步推動階段，成效需要一定時間推動後，才能逐漸彰顯，目前仍需藉著「做中學」(Learning by Doing)之方式，持續進行計畫推動方向之檢討及修正，以期達到擴大產業科技創新縱深，活化創新產出之原訂目的。
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Abstract
The industrial technology research and development collaboration (R&D Collaboration) program was launched by the Ministry of Economic Affairs, R.O.C, in 2001. The aim of this program is to prompt the industry to collaborate in R&D across different industrial sectors or within the same industrial sectors or to enter into preliminary R&D collaborations for the companies with the same interests. Thirty-four R&D collaborations have been organized for the past two years in Taiwan. Results demonstrate that the R&D collaboration program not only provides innovative R&D channels for small and medium sized companies, but also encourages traditional and high tech industries to work together in order to create innovative technologies or products. It inspires companies to unite to undertake R&D in the same fields as well. This paper examines why the Taiwanese government wants to take these measures, what the R&D collaboration patterns are, and what the effects are for the program in detail. It may upgrade industrial technology R&D capabilities to a high level as well as accelerate the rate of innovation by industries, the academic world and the industrial technology research institutes.
KEY WORDS：Research and Development Collaborations, Innovative Research and Development，Small and medium sized enterprises
I.  Preface
With the rapid change in the domestic and overseas investment environment in the recent years, low-level manufacturing cannot increase the competitiveness of our country any further, and the way forward is to proceed with innovative research and development (R&D) and to enhance the added value of products. Investigation shows that, among the strategies adopted by manufacturers to meet the change in the investment environment, the principal strategy for large and medium sized enterprises is to strengthen R&D; smaller enterprises also think that strengthening R&D is one of the most important strategies in addition to improvement in marketing ability.
However, the main difficulty for small and medium-sized enterprises (SME) in carrying out R&D is the lack of competitive advantage caused by being small scale. So, the answer is to have enterprises collaborating to develop the required technologies or platforms together. Those who collaborate can share the results so as to improve the competitiveness of the industry. This is the first topic to be discussed in this paper. 
On the other hand, our country has a complete system composed of upstream, midstream, and downstream industries, and these industries all play a definite and important role in the system of division of labor in the world. For example, our country is the world’s fourth biggest semiconductor manufacturing country, after the USA, Japan and Korea. It is also the fourth biggest information hardware manufacturing country after the USA, Japan and China, and ranks second in LCD manufacturing only behind Korea (but preceding Japan). Meanwhile, the manufacturing industry of our country excels in the production of key components, and ranks first in the world in the output of several kinds of products, such as notebook PCs, wafer OEM, ABS, WLAN, small machine tools, and LCDs.
However, can such an industrial structure centered on manufacturing of parts and components come up with new products or new services through integration of different sectors, and thus help the industrial mode of our country to advance to manufacturing products of high added value? This is the second topic to be discussed in this paper.
Moreover, the industry of our country has developed into a diversified mode, and covers electronics, information, machinery, consumer, biotechnology and so on, and the fields differ from each other in their maturity. For instance, electronics and information industry have developed rapidly, but the consumer and heavy mechanical industries are made up of traditional companies with investment levels inferior to the electronics and information industries. So we cannot help asking whether collaboration can be organized between different industries to promote the combining of high-tech industries with traditional industries, and thus give birth to new technologies, products and business opportunities to improve the competitiveness of traditional industries. This is the third topic to be discussed in this paper. 

In a word, Taiwan’s industrial structure focusing on the manufacturing of parts and components has now matured after three decades of development. What we ask is, whether we can endow our industries with new development opportunities through R&D collaborations across different sectors or between industry, academy and research circles. 
II. Introduction to the R&D Collaborative Program of the R.O.C
In contrast to the “innovative invention” economies of Europe, USA and Japan, the economy of Taiwan belongs to the “quickly following” type. That is to say, if we want to transform the present “quickly following” economy with its foundation on manufacturing to the “innovative invention” economy based on innovation, we must further strengthen the innovation system of the industrial, academic and research organizations of our country, and enhance the efficiency of innovation by means of collaborative efforts to effectively support the transformation of the industrial structure of our country. 
However, to promote collaboration for research and development is significantly different from encouraging individual companies or institutions to carry out R&D. For instance, attention must be paid to such questions as distribution of intelligent property rights (IPR), division of rights and obligations, configuration of R&D manpower and funds, effective management of plans, and so on. How should we strategically select and stimulate R&D collaborative plans that have leverage effect to the development of industries in our country? How should we design promotion mechanisms? What are the range and patterns of promotion? These are the questions to be discussed in the following text. 

The Ministry of Economic Affairs initiated the Plan for Industries to Participate in Scientific and Technological Projects (hereinafter referred to as “the Plan”) in 1997 to encourage domestic manufacturers to bring forward technical R&D plans. After four years of implementation, most of the plans applied for are industrial and technical R&D plans devised by individual manufacturers, and large-scale R&D collaborative plans executed by multiple manufacturers jointly are relatively few.
The cause of the above-mentioned phenomenon lies in that a preparative stage of communication and negotiation is required to establish R&D collaborations, so as to solve such problems as division of labor among the manufacturers, proportion of investment, rights and obligations, distribution of IPR etc.; and an effective system of management must be established to build up mutual trust, so as to effectively carry out the plans. If the aforementioned problems are not solved appropriately, it is difficult to acquire the consent of the examination committee. Therefore, during this period, there are relatively fewer R&D collaboration plans among the applications for the Plan. 

In short, the preparative stage is the most difficult and crucial for establishing R&D collaborations, and the companies must negotiate with each other to build mutual trust. To tackle this problem, the Ministry of Economic Affairs plans to offer preparative subsidies to induce the manufacturers to participate in R&D collaborations, and actively negotiate with manufacturers and research institutes to provide assistance. 

The aim of the R&D collaboration policy of the Ministry of Economic Affairs is to prompt industry to undertake R&D collaborations across different industrial sectors or within the same industrial sectors or between companies with the same interests. Collaborations are helpful for working out standards, establishment of shared platforms, or import of technologies from other industry sectors, and can even promote the birth of new industries, and also have an active promotional effect on the transformation of traditional industries. 

Through implementation of R&D collaboration, the participants can acquire R&D funds from the Ministry of Economic Affairs, while the intelligent property rights of the research and development results are vested in the manufacturers. It is also favorable for division of work, plan management, expenses apportioning, data privacy, as well as sharing of results and utilization between manufacturers. That is to say, during the stage of preparative research, a common understanding between the manufacturers can be realized through negotiation to assist in coming up with the expected results in the subsequent stage of research and development.
The range of the R&D collaboration program includes industrial technologies such as communication and optoelectronics, mechanics and aerospace, materials and chemical engineering, biological technology and pharmacy, or R&D services helpful for the development of technologies, including design, utilization and the value-added circulation of intelligent property, biological technology contract research, initiation investment, and so forth. The patterns for R&D collaboration are as follows:
(1) Multiple companies in a same field carry out R&D in common technologies and products.
(2) Multiple companies in a same field integrate upstream, midstream and downstream technologies.
(3) Multiple companies in different fields integrate technologies and products across different industrial sectors.
(4) Multiple companies integrate R&D service industries.
(5) Multiple companies combining technical R&D and R&D services implement technical research and development as well as R&D services.  

III.  Current Status
Currently R&D collaborations promoted by the Ministry of Economic Affairs can be divided into two classes. One is technical R&D collaboration, which develops forward-looking new technologies or products; and the other is membership R&D collaboration, which mainly develops next-generation technical specifications or standards. In the following paragraphs these two kinds of R&D collaboration will be described in detail.
1. Technical Development R&D Collaboration
Up to now, the Ministry of Economic Affairs has established 30 R&D preparative research plans with the subsidies from the Plan for Industries to Participate in Science and Technology Projects, and the technical fields include:
(1) Optoelectronics: second-generation lighting sources, forward-looking optical storage, optical communication tests
(2) Information: development and integration of the software maturity model
(3) Semiconductor: R&D in semiconductor stepping technologies and equipment, integrated R&D in mobile terminals and chips
(4) Communications and telecoms: open wireless network access, mobile terminal application development platform, mobile information platform, digital TV common platform, digital broadcast technology, Java mobile communication machines, interactive TV, development of micro wireless network module integration and encapsulation technology
(5) Machinery: intelligent household electric appliances, advanced linotype machine tools, air cleaners, linear motors, small turbine engines, and power generating technology
(6) Flat panel displays (FPDs): development of forward-looking FPD technologies
(7) Materials: fuel cells, high-speed plastic fibers, soft circuit boards, compound functional fibers, blue tooth organic baseboard materials, aerospace fasteners
(8) Biotechnology and Chinese herbal medicines: Chinese herbal medicine genosome.
(9) Trans-field/system integration: development of automobile electronic systems technology, development of global technology business communities and innovative value addition systems, and development of industrial wide-range digital ink-jet printing technology and equipment 

There are a total of 140 manufacturers that have participated in the 30 plans. Among the participants are 69 SMEs, accounting for nearly 50% of the total number, and 71 large-scale enterprises. The R&D collaborations provide SMEs with a channel for them to participate in innovative research and development, which will bring certain benefits for the improvement of the competitiveness of SMEs. 

Among the 30 R&D collaboration plans, there are already 9 projects for which the subsequent large-scale R&D collaboration plans have been prepared. It is estimated that a total amount of NT$42.7 billion will be invested in R&D, and 89 domestic and foreign patents will be claimed. The implementation of this policy will improve the level of civil research and development, and encourage companies to invest in research and development.  
 2. Membership R&D Collaborations
Presently, four membership R&D collaborations have been established with the support of the Ministry of Economic Affairs. They are separately: the Associations for Industrial Nanometer Technology Applications, for Advanced Encapsulation Technology Collaboration, for IP Qualification Standardization Collaboration, and for Forward-looking Optical Storage R&D Collaboration. 
(1) Association for Industrial Nanometer Technology Applications
The purpose of establishing this association is to provide systematic service contents to help the industry to deeply understand the minimum requirements for entering the field of nanometer technology applications and to find ways of obtaining investment funds, so as to generate a cluster effect and provide three services at the same time: nanometer powder information, provision of nanometer powder, and applications of nanometer technology to industry. The range of nanometer technology applications covers plastic, compound materials, synthetic fibers and textiles, resin, paint and printing inks and other special chemicals, building materials, and so on. The promotional strategy of the association is as follows: set out from the associated industries to develop optoelectronics and electronics industrial applications in good time, and stimulate joint development and investment in related upstream, midstream and downstream nanometer products, so as to achieve a cluster effect, exchange market and technology information, and exploit business opportunities.
The participants of the association are those who are interested in the application of nanometer technology or those who need industrial association, information exchange and business exploitation. The members are classified into common and advanced members. A common member is one who requires information on, and sources, markets, technology of, nanometer materials as well as a relationship with manufacturers, while an advanced member is one who is actively exploiting nanometer-related business opportunities, developing new products and applications, and seeking a relationship between upstream and downstream manufacturers. 
(2) Advanced Encapsulation Technology Collaboration
The aim of this kind of collaboration is to provide members with technical trends and market information, promote the advancement of integrated encapsulation technology for interested parties by means of seminars, symposia, quarterly publications, product analysis and social activities, and promote the standardization of environmentally protective encapsulation technologies. 
Members include companies connected with the fields of materials, equipment, wafers, IC encapsulation, semiconductors, circuit boards, modules, components and systems as well as colleges and universities. 
        (3) IP Qualification Standardization Collaboration
The purpose of establishing this type of collaboration is to cooperate with the national science and technology plan for chip systems to normalize Taiwanese standards related to SOC/IP, and thus promote the common standards of Asia. The members of this collaboration will participate in and influence the establishment of standards and specifications, review standards and specifications in advance, have the right to vote to determine standards and specifications, and obtain information during the preparation and determination of the standards and specifications. 
    (4) Forward-looking Optical Storage R&D Collaboration
This form of collaboration was established by the Industrial Technology Research Institute (ITRI). ITRI performs preparative planning and development of the new specifications for optical disks, and then invites the industrial and academic sectors to participate. The key projects are determining, discussing and publishing new specifications and the fabrication of new models according to these new specifications. 
ITRI will actively develop new specifications and new optical disk specification verification and test technologies based on its leading technical advantages. The industrial sector will rely on the major manufacturers to develop related technology patents, and improve the production technology of product development and the technologies of the key components. At the same time, the academic sector will mobilize professors and others to research and develop related patents and go deep into fundamental research. It is expected that the collaboration will gather together related patents in the industrial, academic and research sectors to set up a patent pool as the basic IPR for working out new specifications for optical disks. 
VI. Effects
1. R&D Collaborations can help mature industries enter the next-generation industrial stage of technical development 
Most enterprises of our country are small or medium sized, and the manufacturing technologies or products of the SMEs in mature industries have matured. Presently a good many practitioners have recognized that, if they do not advance to the next-generation stage of technical development, they will lose their competitive advantages. So the practitioners engage in R&D collaboration to meet the requirements for development of next-generation industrial technologies. 
For example, the domestic light emitted diode (LED) industry has become considerably matured. In 2002, the world’s total product value of LED was USD3.28 billion, and Taiwan saw a product value of USD0.867 billion, accounting for 27% and ranking as second in the world, only behind Japan. However, the luminous efficiency of present white light LEDs is very low. So domestic companies have thought to utilize the advanced photoelectric semiconductor technology of our country to improve the efficiency, so as to meet the requirements of next-generation lighting and create new business opportunities for the LED industry. Therefore, eleven domestic photoelectric semiconductor manufacturers including LEDTECH Electronics, Formosa Epitaxy Inc, Kingbright Electronic, Lite-On Electronics Inc., TYNTEK, OPTO Tech Corp, Everlight Electronics Co., Ltd., Bright LED Electronics, Para Light Electronics, Epistar Corporation, and Unity Opto have established the Second-Generation Lighting Source R&D Collaboration. This collaboration will make good use of the technical advantages of our country in wafer and chip design and encapsulation, to research and develop LED lighting products suitable for commercialization. 
2. R&D collaborations can stimulate industry to research how to test next-generation product quality 
R&D collaborations can enable the members to discuss how to test the quality of future products. For instance, the product value of domestic electrical appliances in our country amounted to about NT$51.9 billion in 2001. To meet the development trends of household electrical appliances pertaining to digital and intelligent technologies, the industry ought to begin producing intelligent household electrical appliances, and it is estimated that the annual product value will reach NT$34.4 billion. Therefore, domestic practitioners such as Hitachi (Taiwan), Tall & Stout, Panasonic (Taiwan), Sampo, Tatung, Kolin, and Teco Electric & Machinery have organized the Intelligent Appliance R&D Collaboration. 
This collaboration will integrate the communication specifications of domestic intelligent household appliances to achieve interoperability between products, and develop key component technologies required by intelligent household appliances. In future, the collaboration will transform itself into a professional authentication and test institution of such appliances, to provide better service for domestic industries.
3. R&D collaborations can inspire industries to work out new specifications
Our country has not established independent mainstream industries yet, and the related core technologies are still dominated by foreign manufacturers; therefore, every year the manufacturers of our country need to pay heavy option monies, authorization fees and technology transfer fees to foreign countries. If the industry can independently work out new specifications and come up with next-generation products, expenditures on the above-mentioned fees will be greatly reduced. 

For example, the optical disk industry of our country has a great product value and the output of CD-ROMs and optical disks has ranked first or second globally in the last two years. The product value of the optical storage industry of our country was more than NT$150 billion in 2001, and NT$210 billion in 2002. In future, if the new specifications for optical disks established by Taiwan can be industrialized, Taiwanese manufacturers will acquire greater domination. Matched with the market force of the key components such as optical heads and parts, it is predicted that the annual product value will reach NT$1,000 billion in 2008.
However, the high option money owing on optical disk products has been the greatest irritant for the manufacturers for many years. Therefore, research and development of new optical disk technology and the establishment of new specifications is the only way forward for Taiwanese manufacturers to solve the problem. With support from the Ministry of Economic Affairs, ITRI Optoelectronics & Systems Research Labs and some members of Taiwan DVD Sodality established the Forward-looking Optical Storage R&D Collaboration in January 2002, and up to the present, all the major Taiwanese manufacturers of CD-ROMs, CDs and chipsets have joined this collaboration. The purpose is to actively research new specifications for optical disks, hoping to help Taiwan to make considerable contributions to the future specifications for optical disks. 
The collaboration currently has 29 members, and is working hard to study new specifications for optical disks. On one hand, it is competing with world-class organizations in the latest international CD specifications, such as blue light HD-DVDs. On the other hand, it cooperates with China to work out new specifications suitable for the Chinese market. Up to the present, preliminary results have been reached in these two directions. 
V. Summary
In the currently status of the interaction between industry, academy and research, the universities have performed well in publishing academic articles, and the industry has done well as regards journals, but the scientific and technical correlation between the two is extremely low. In order to solve this problem, the Ministry of Economic Affairs is actively adopting policies and measures to improve the correlation between science and technology based on the R&D energy of the academic sector. On the other hand, the ministry promotes R&D collaborations, while the industry outlines the requirements of future industrial development, and research institutes and academic sectors are invited to jointly develop next-generation products or technologies, so as to enhance cooperation between science and technology of our country, in the hope of transforming the current “Quickly following” economy into an “innovative invention” economy.
Through two years of hard work, the R&D collaboration program has enlarged the opportunities for domestic SMEs to perform innovative research and development, being able to solve problems such as too small a scale and a shortage of development ability. On the other hand, R&D collaborations can stimulate mutual integration across the upstream, midstream and downstream industrial sectors to come up with new products or services, and help the industrial structure of our country based on manufacturing to gradually change itself into a structure centered on high value-added manufacturing. Additionally, the R&D collaboration program has stimulated research and development across different industries, and will effectively improve the industrial competitiveness of our country. 
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Abstract
The present R & D environment in Taiwan is that scientific research is conducted mainly by academic research institutes, whereas industrial technology is developed by industrial technology research institutes and enterprises. In this paper, we investigate the correlation between science and industrial technology in Taiwan with an analysis of R&D investments, including the number of Ph. D. level research staff and R&D expenditures, in academic research institutes, industrial technology institutes and enterprises and their associated R&D outputs, such as published papers and issued patents. Results suggest that the government should take measures to reduce the disparity of investments made in science and industrial technology.
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I. Preface
If there is a favorable interactive relation between science and technology in a country, that is to say, if scientific invention or discovery can bring about a continuous development of industrial technology, thus permitting future requirements of technology to stimulate revolutionary development and breakthroughs in science, then science and technology will effectively drive the development of industry, and thus create economic growth for the country. For example, industrial development in the USA and the UK is based on favorable scientific conditions, so that these countries enjoy strong developing economies.
Presently in Taiwan, scientific research is mainly executed by academic research institutes and industrial technology development by industrial technology research institutes and enterprises. This paper, based on analysis of the R&D investments in academic research institutes, industrial technology research institutes, and enterprises as well as their associated outputs, probes into the correlation between science and technology in Taiwan and discusses how to strengthen the relationship between the two. 
II. Changes in R&D Expenditure in Taiwan
The R&D expenditure of a country is related to its gross domestic product (GDP), and the specific ratio of the two is one of the indexes internationally used to judge the activity of a country investing in research and development. In Challenge 2008: National Development Key Plans issued by the Executive Yuan, in order to make Taiwan one of the world’s most innovative R&D bases in special fields, an increase in R&D expenditure to 3% of GDP by 2008 is planned. 
In this section, we will provide an overview of the structural change of R&D expenditure in Taiwan, including the change of GDP growth, R&D funds, and the percentage of R&D funds in GDP. 
1. Change of Taiwan’s GDP Growth
Taiwan’s GDP witnessed positive growth during its period of industrialization before 2000, but saw negative growth for the first time in 2001: its growth rate dropped from 4% in 2000 to -1.25% in 2001, whereas the growth rate of domestic service still remained at 1.2%, but the growth rate of industries was -6.15%, and that of manufacturing industry was -5.56%. The decrease in the GDP of manufacturing may have resulted from the increase in production costs in Taiwan and the magnetic attraction of manufacturing industry in China.
2. Changes in the Growth in R&D Investment in Taiwan
During the 1992~1998 period, the R&D investment of the whole country showed an annual growth rate of higher than 9%, and R&D investment by civil organizations had an even higher growth rate. In 1993, the R&D expenditures of civil organizations exceeded that of the government for the first time, and since then, lots of funds have been invested in research and development by civil organizations every year. In the five years from 1993 to 1998, the mean growth rate of R&D funds invested by civil organizations was higher than 15%. For instance, in 1998, the R&D funds invested by civil organizations reached NT$107.7 billion, 16.3% up from 1997, and 1.55 times the R&D funds invested by the government. The growth rate of civil organizations at 13.3%, is higher than that of the R&D expenditures of the whole country, indicating their activity in research and development. 
However, the growth of R&D expenditure of the whole country decreased from 12.9% in 1998 to 8% in 1999, and the growth rate of R&D expenditure in 2000 and 2001 was only 3.73%, being the lowest in the last 10 years. During the same period, the growth of R&D funds invested by civil organizations showed an even greater decrease, coming down from 16.4% in 1998 to 8.7% in 1999, 4.2% in 2000, and 4.6% in 2001.
In short, the structural changes in R&D expenditure in the last three years in Taiwan resulting in both civil and governmental expenditures decreasing, and the decrease is greater for civil organizations than in the government. 
3. Increase in the R&D Expenditure as a percentage of GDP
R&D expenditure as a percentage of the GDP of Taiwan grew from 1.88% in 1997 to 2.05% in 2000, and 2.16% in 2001,. The growth in 2001 was because the R&D expenditure  grew positively compared to 2000, while the GDP showed negative growth compared to 2000. 

In 2000, R&D expenditure was 2.98% in Japan, 2.70% in the USA, and 2.68% in South Korea. Compared to the aforementioned countries, Taiwan has dropped far below in R&D expenditure compared to its GDP.
III. Changes in the Distribution of R&D Resources among Industry, Academy and Research Institutes in Taiwan
1. Changes in the Distribution of R&D Funds among Industry, Academy and Research Institutes
In the three years from 1999 to 2001, the percentage distributed to enterprises in the R&D funds of the whole country dropped from 63.3% to 62.5%, the percentage distributed to scientific and technical research institutes maintained at 25% approximately, while the percentage provided to universities grew from 11.7% to 12.3%. The decrease in the R&D funds invested by civil organizations has been mainly absorbed by universities, so the R&D funds acquired by universities have shown a rapid growth in the last three years. If this trend can be maintained, universities will become the most important centers of research and development in our country.
2. Changes in the Growth of R&D Funds of Academic Research Institutes and Industrial Technology Research Institutes
Recently the R&D funds invested by the government and civil organizations in universities have shown a rapid growth. The R&D funds of universities showed an average growth rate of 8.48% in the last few years, higher than the average of the whole country, 7.08%, and were supplied with 12.5% of the total R&D funds of the whole country. In 2001, the R&D funds of universities reached about NT$25.3 billion, among which 80% came from the government and 20% from civil organizations. 
On the other hand, the R&D funds of the Academia Sinica, a fundamental academic research institute of our country amounted to NT$3.08 billion in 1997, and the budget of the Year 2003 is NT$6 billion. The growth of R&D funds in the previous seven years was 97.4%.
The R&D funds of the industrial technology research institutes are subordinate to the Ministry of Economic Affairs (e.g., ITRI, III, etc.) varying from NT$11.7~13.0 billion in 1997~2003, and the gap between the R&D funds of universities and academic research institutes like the Academia Sinica and that of industrial technology research institutes came to more than NT$13.0 billion, having increased gradually in the past five years. 
3. Distribution of Senior Research Manpower in Academic Research Institutes, Industrial Technology Research Institutes, and Private Enterprises
In 2001, the number of doctoral level researchers in our country was 19,200, of which 68.9% were concentrated in universities, 20.6% in scientific and technical research institutes, and 10.5% in enterprises. Compared to 2000, there was an increase of 1,131 in doctoral level researchers, including 886 in universities, 102 in scientific and technical research institutes, and 143 in enterprises; in other words, 78.3% went into universities, 9% into scientific and technical research institutes (including the Academia Sinica), and 12.7% into enterprises. 
Universities and academic research institutes like the Academia Sinica are still the first choice of high level researchers, and so domestic high level R&D human resources is mainly concentrated in academic research institutes; in contrast, the industrial world has not enough R&D incentives to attract high level researchers to join in industrial technology R&D, and so the high level of R&D personnel engaged in industry only makes up a relatively low percentage of the total R&D human resources. 
IV. R&D Outputs of Academic Research Institutes, Industrial Technology Research Institutes, and Enterprises
1. Academic research institutes will become the major creators of knowledge in Taiwan
Generally speaking, valuable R&D activities are closely related to high-level R&D human resources and R&D expenditures. In our country, academic research institutes possess the highest-level R&D human resources, and enjoy continuous investment of R&D funds from the government. So, it can be understood that forward-looking and advanced research is mainly executed by academic research institutes; furthermore, academic research institutes will become the main knowledge creators in our country, and academic R&D will achieve more significant discoveries. 
It is an international convention that numbers of papers and patents are used to evaluate the progress of any given country in science and technology. So, in the following paragraphs, we will look into the correlation between science and technology from the output of papers of academic research institutes, output of patents of industrial technology research institutes and enterprises, as well as mutual supporting efforts between the two.
2. Output of Papers
In recent years, the academic R&D output of our country has shown a trend towards growth. For example, in 2001 Taiwan produced 5,103 articles on engineering, ranking tenth in the world; 10,635 scientific articles , ranking 17th in the world, up from 19th place in 1997. The total number of scientific and engineering papers per million persons was 634 articles in 2000, and 706 articles in 2001, demonstrating a growth of 72 articles. The output of papers per million persons is approximately equal to that of the UK, Netherlands, Canada, and Australia, lower than that of countries with relatively small populations like Switzerland, Sweden, and Israel, but higher than some countries advanced in science and technology such as the USA and Japan. In a word, our country has performed excellently in regard to the output of academic research papers, particularly in the output of engineering papers. 
However, being quoted is also important and seen from this point of view, Taiwan is behind the USA, Netherlands, Germany, and Japan. From this we can learn that, we still need to work hard to increase the academic correlation between our academic papers and international academic papers. 
3. Output of Patents
Generally speaking, we can understand the industrial R&D energy and ability of a country from the number of patents acquired in the USA and associated analysis of this. By 2002, Taiwan was ranked fourth in the world in the number of approved USA patents of all types for the fourth consecutive year; and ranked fourth in the number of invention patents for the third consecutive year, and third in design patents for the tenth consecutive year. Seen from the viewpoint of patents per million people, in 2002 Taiwan ranked second in patents of all types, and third in invention patents. Looked at from different angles, our country ranked third in semiconductor stepping technology, nineth in medical apparatus, eleventh in communication technology, 17th in biotechnology, and 18th in pharmacy technology. From the above we can see that, our country has performed very well in output of patents just as it has in output of academic papers. 

Upon an analysis of the holders of patents, it is seen in Taiwan, enterprises possess the most patents; incorporated foundation research institutes the second most, and the universities and academic research institutes that claim patents in the name of the National Science Council, Executive Yuan, the third highest number. For example, in 2002, our country acquired 6,730 patents in total, among which enterprises took out 6,402 (accounting for 95%), industrial technology research institutes 280 (4.2%), and universities and academic research institutes that claim USA patents in the name of the National Science Council acquired 48 (0.8%). In our country, most patents are acquired by enterprises, and most of them are semiconductor enterprises. 
However, the number of the patents taken out in the name of the National Science Council was reduced from 75 in 2001 to 48 in 2002. On the other hand, in the USA, the average number of the patents acquired by universities is higher than the average of the whole country, and has increased from less than 500 in 1981 to 3,151 in 1998, showing a six-fold growth. Therefore, Taiwanese universities and academic research institutes must work harder to acquire more patents in the USA. 
The number of USA patents acquired by the Academia Sinica was four respectively in 1999 and 2000, and increased to 15 in 2001, and 14 in 2002. When we compare that with Stanford University which has claimed more than 60 patents every year since 1997, and MIT (Massachusetts Institute of Technology) more than 90 patents, there is plenty of room for improvement in the output of patents in the Academia Sinica. 
In addition, the average number of academic documents quoted by the USA patents acquired by our country in 2002 is 0.21; and the figure is 4.46 in the USA, 3.2 in the UK, 0.99 in Japan, and 0.76 in South Korea. From this we can see that our patents are highly concentrated in stepping technology, and the industrial technology patents based on science are relatively few. On the other hand, since our enterprises have not enough high-level R&D manpower to apply scientific research results, this results in our industry being unable to apply scientific and systematic knowledge. This implies a weak correlation between science and industrial technology in Taiwan, and is not favorable for the development of newly emerging science-based industries. 

4. The output of academic papers and enterprises’ patents in Taiwan presents polarization 
From the above we can see that, under the current scientific and technical system, academic papers are mainly produced by academic research institutes, and patents by enterprises. Since high-level R&D professionals in academic research institutes, due to the existing incentive system, mainly carry out forwarding-looking advanced research, they seldom do practical industrial experiments. Therefore, it is difficult for them to understand the future development requirements of industrial technologies, and our enterprises can hardly find practical application for the R&D results of academic papers.
On the other hand, since enterprises only possess fewer high-level R&D talents, the main purpose of their industrial technology R&D is just to improve products and process flow. Due to the shortage of high-level R&D human resources, the enterprises in our country seldom make use of academic results to develop industrial technology, and academic research institutes performs researches separately from enterprises, thus showing a trend towards polarization. 

V. Summary
1. To enable enterprises to acquire sufficient R&D manpower is one possible solution to problem of polarization
During the period 1992~1998, R&D funds invested by Taiwanese enterprises have grown rapidly for seven consecutive years, but that changed in 1999. One of the causes lies in that enterprises have sufficient funds for R&D but there are not enough professional researchers.
Insufficiency of professionals has become a prevalent phenomenon in the world, and a battle for talented researchers between countries has started . The USA, Germany, Singapore, and China have all enacted laws to attract high-level R&D professionals to improve the competitive competence of their economies. Considering that our enterprises have not enough high-level R&D professionals, our country should actively cultivate and introduce the skills required for industrial development, and the Executive Yuan ought to strengthen implementation of high-tech introduction and training programs for researchers. Once enterprises have enough high-level R&D professionals, they will be able to successfully interact with academic research institutes, and apply the R&D results of academic research institutes to industry; hence, the polarization between academic research institutes and enterprises may be lessened.
2. Establishing a close cooperative research system between industry, academy and research institutes can strengthen the correlation between science and industrial technology
Our academic research institutes are able to perform forward-looking advanced research, so if we can induce them to make the necessary research for the development of industrial technology, the correlation between science and industrial technology will be strengthened. For example, the Ministry of Economic Affairs is promoting a program in the academic sector to encourage professors in domestic universities to organize theme research teams, to develop forward-looking industrial technologies based on science and technology. Up to the end of 2002, a total of 18 plans have been approved, and 19 R&D centers have been established. After a year of implementation, it is now widely recognized that theme research centers are necessary for the development of industrial technologies, and meanwhile, they have attracted a lot of doctoral students and postdoctoral researchers to participate, and these will develop intellectual property rights applicable to industry. On the other hand, the research centers allow enterprises to join (join in the preparative stage or as members), so the research results can be quickly released into the industrial sector. Through cooperative R&D across different fields and universities, the R&D results can be transformed into the results industrial technology research institutes need. Therefore, this program should be strengthened. 
In addition, if industrial technology research institutes cooperate with academic research institutes to establish R&D centers, then academic research institutes will research and develop forward-looking technologies required by industrial technology research institutes, and industrial technology research institutes can transform the R&D results of academic research institutes into industrial advantage; therefore, industrial technology research institutes can make up the vacancy between the academic world and industry. For example, the Industrial Technology Research Institute (ITRI) governed by the Ministry of Economic Affairs has established theme R&D centers based on cooperation with National Taiwan University, National Tsinghua University, National Chiao Tung University, National Sun Yat-sen University, National Chung Cheng University etc, and the Institute for Information Industry (III) has established the Intelligent Capital Research Center jointly with National Chengchi University (for the names of the R&D centers jointly established by universities and research institutes, please see Appendix 1). This cooperative measure should also be promoted. 
After encouraging universities and enterprises to establish industrial technology research centers of excellence, and industrial technology research institutes to establish R&D centers jointly with academic research institutes to perform forward-looking and innovative research and development, the Ministry of Economic Affairs will promote industry-academy-research innovative R&D to closely combine industrial sector, academic sector and research institutes into a R&D network. Only by doing so can the correlation between science and industrial technology in Taiwan be further strengthened.
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	Appendix 1   R&D Centers Jointly Established by Universities and Research Institutes

	S/N
	University/Research Institute
	Name of Joint R&D Center (Theme)

	1
	National Taiwan University/ITRI
	NTU-ITRI Nanometer Technology Research Center (Nanometer materials)

	2
	National Tsinghua University/ITRI
	NTU-ITRI Joint Research Center (Optoelectronics)

	3
	National Chiao Tung University/ITRI
	NCTU-ITRI Joint Research Center (Communications)

	4
	National Cheng Kung University/ITRI
	NCKU-ITRI Micro/Nano Technology R&D Center (Micro/Nano)

	5
	National Sun Yat-sen University/ITRI
	NSYU-ITRI Joint Optoelectronics R&D Center (Optoelectronics)

	6
	National Chung Cheng University/ITRI
	Machine tools, Self-rotary Electronics, Cultivation Operations

	7
	National Central University/ITRI
	NCU-ITRI Joint R&D Center

	8
	National Health Research Institute/ITRI
	Development of Bio-Maker for Medical Detection of Specific Diseases Based on Micro Arrays and Proteomics

	9
	National Center for High-performance Computing/ITRI
	Calculation of Simulation Supporting R&D

	10
	National Synchrotron Radiation Research Center/ITRI
	Synchrotron Radiation Light Beams

	11
	National Chengchi University/Institute for Information Industry
	Intelligent Capital Center
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圖1 產業創新價值鏈


資料來源：2002年經濟部「高值、創新、運籌、服務」簡報資料








圖2： 死亡之谷


資料來源：林秀英，創新模式之轉移-兒玉文雄教授的觀點，台灣經濟研究院
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圖3  策略性服務業導向科專計畫推動現況 


資料來源：2004年3月31日經濟部技術處策略性服務業導向科專計畫推動現況簡報資料� 推動現況簡報

















 工研院及其他法人提案
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 食品工業研究所：團膳服務業
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 車輛測試中心：車行資料整合應用系統


 紡織中心：紡織品洗濯業創新服務系統/智慧型服飾系統


金屬中心：高功能動力輔具服務系統
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創新前瞻專利





創新前瞻計畫每億元研究經費產出18.3件專利較一般科專計畫近四年之平均值10.1件為高
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圖4 創新前瞻科技專案產出及引用專利/論文文獻狀況


資料來源：王弓，2004年3月9日經濟部技術處顧問會議「工研院創新前瞻計畫執行績效自評報告」簡報
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_1143710697.xls
人力運用

		年度				職級										學歷										合                 計

						研          究         員         級		副         研       究        員         級		助          理       研        究         員           級		研         究       助        理         級		研         究         助         理        級        以        下		博           士		碩              士		學              士		專              科		其              他

		FY90		人年		233.6		216.8		32.9		8.2		2.3		151.9		257.7		48.4		0.8		35.0		493.8

				比例		47.3%		43.9%		6.7%		1.7%		0.5%		30.8%		52.2%		9.8%		0.2%		7.1%

		FY91		人年		290.1		339.4		26.3		8.1		3.5		178.0		381.9		53.0		44.9		9.6		667.4

				比例		43.5%		50.9%		3.9%		1.2%		0.5%		26.7%		57.2%		7.9%		6.7%		1.4%

		總計		人年		523.7		556.2		59.2		16.3		5.8		329.9		639.6		101.4		45.7		44.6		1,161.2

				比例		45.1%		47.9%		5.1%		1.4%		0.5%		28.4%		55.1%		8.7%		3.9%		3.8%





計畫項數

				FY90		FY91		FY92

		構想可行性計畫		93		156		205

		探索性創新前瞻計畫		46		93		119

		自主性創新前瞻計畫		2		5		10

				141		254		334





計畫項數

		0		0		0

		0		0		0

		0		0		0



構想可行性計畫

探索性創新前瞻計畫

自主性創新前瞻計畫

年度

計畫項數



計畫經費

				FY90		FY91		FY92

		探索性創新前瞻計畫		1170		1325		1406

		構想可行性計畫		92.7		106.6		214.9

		自主性創新前瞻計畫		10.3		34.8		72.1

				1273		1466.4		1693





計畫經費

		0		0		0

		0		0		0

		0		0		0



探索性創新前瞻計畫

構想可行性計畫

自主性創新前瞻計畫

年度

計畫經費（單位：百萬元台幣）



論文統計

		論文類別				FY90		FY91		FY92(9月底)		小計

		期刊論文		國內		50		110		49		209

				國外		11		14		19		44

				小計		61		124		68		253

		研討會論文		國內		53		167		31		251

				國外		57		80		35		172

				小計		110		247		66		423

		論文合計		國內		103		277		80		460

				國外		68		94		54		216

				小計		171		371		134		676





論文比較

				FY89		FY90		FY91		FY92(9月底)

		一般科專		2.9		2.8		2.1

		創新前瞻計畫				5.5		6.1		3.2





論文比較

		0		0

		0		0

		0		0

		0		0



一般科專

創新前瞻計畫

單位：篇/億元



專利統計

		專利類別						FY90		FY91		FY92(9月底)		小計

		專利申請		國內		國內		95		124		81		300

				國外		國外		81		129		97		307

				小計		合計		176		253		178		607

		專利類別						FY90		FY91		FY92(9月底)		小計

		專利獲證		國內		國內		26		39		41		106

				國外		國外		10		31		16		57

				小計		合計		36		70		57		163





專利統計

		0		0

		0		0

		0		0



合計176

合計253

合計178

專利申請

國內

國外



專利比較

		0		0

		0		0

		0		0



合計36

合計57

合計70

國內

國外



學界合作

				FY89				FY90								FY91		FY92(9月底)

		一般科專		9.7				10.1								9.4				29.2		9.7333333333

		創新前瞻計畫						15.5								17.1		10.5		43.1		14.37

		專利類別				FY90		FY91		FY92		小計

		專利申請		國內		95		124		187		406

				國外		81		129		189		399

				小計		176		253		376		805

				成長率		-		43.8%		78.3%		114.1%		0.3704166667

		專利類別				FY90		FY91		FY92		小計

		專利獲證		國內		26		39		71		136

				國外		10		31		24		65

				小計		36		70		95		201

				成長率		-		94.4%		62.9%		111.6%		0.7996296296

		年度		專利件數		專利文獻數		專利文獻比例		論文文獻數		論文文獻比例		專利引證數		專利引證率

		FY90		9		85		944%		3		33%		4		44%

		FY91		22		159		723%		11		50%		7		32%

		FY92		15		83		553%		4		27%		2		13%



專利獲證



學界合作

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



一般科專

創新前瞻計畫

單位：篇/億元



				FY90		FY91		FY92

		案件數		51		71		180

		經費                                (百萬元台幣)		30.2		34.7		136.1

		每案平均經費           (百萬元台幣)		0.591		0.488		0.756

		佔年度總經費比例		2.37%		2.31%		7.94%

		前瞻計畫經費		1,272,503		1,500,000		1715000

		工研院科專總經費		8,525,000		8,505,000

		本院委託學校		164,000		162,000

				1.85%		1.82%






_1143710699.xls
人力運用

		年度				職級										學歷										合                 計

						研          究         員         級		副         研       究        員         級		助          理       研        究         員           級		研         究       助        理         級		研         究         助         理        級        以        下		博           士		碩              士		學              士		專              科		其              他

		FY90		人年		233.6		216.8		32.9		8.2		2.3		151.9		257.7		48.4		0.8		35.0		493.8

				比例		47.3%		43.9%		6.7%		1.7%		0.5%		30.8%		52.2%		9.8%		0.2%		7.1%

		FY91		人年		290.1		339.4		26.3		8.1		3.5		178.0		381.9		53.0		44.9		9.6		667.4

				比例		43.5%		50.9%		3.9%		1.2%		0.5%		26.7%		57.2%		7.9%		6.7%		1.4%

		總計		人年		523.7		556.2		59.2		16.3		5.8		329.9		639.6		101.4		45.7		44.6		1,161.2

				比例		45.1%		47.9%		5.1%		1.4%		0.5%		28.4%		55.1%		8.7%		3.9%		3.8%





計畫項數

				FY90		FY91		FY92

		構想可行性計畫		93		156		205

		探索性創新前瞻計畫		46		93		119

		自主性創新前瞻計畫		2		5		10

				141		254		334





計畫項數

		0		0		0

		0		0		0

		0		0		0



構想可行性計畫

探索性創新前瞻計畫

自主性創新前瞻計畫

年度

計畫項數



計畫經費

				FY90		FY91		FY92

		探索性創新前瞻計畫		1170		1325		1406

		構想可行性計畫		92.7		106.6		214.9

		自主性創新前瞻計畫		10.3		34.8		72.1

				1273		1466.4		1693





計畫經費

		0		0		0

		0		0		0

		0		0		0



探索性創新前瞻計畫

構想可行性計畫

自主性創新前瞻計畫

年度

計畫經費（單位：百萬元台幣）



論文統計

		論文類別				FY90		FY91		FY92(9月底)		小計

		期刊論文		國內		50		110		49		209

				國外		11		14		19		44

				小計		61		124		68		253

		研討會論文		國內		53		167		31		251

				國外		57		80		35		172

				小計		110		247		66		423

		論文合計		國內		103		277		80		460

				國外		68		94		54		216

				小計		171		371		134		676





論文比較

				FY89		FY90		FY91		FY92(9月底)

		一般科專		2.9		2.8		2.1

		創新前瞻計畫				5.5		6.1		3.2





論文比較

		0		0

		0		0

		0		0

		0		0



一般科專

創新前瞻計畫

單位：篇/億元



專利統計

		專利類別						FY90		FY91		FY92(9月底)		小計

		專利申請		國內		國內		95		124		81		300

				國外		國外		81		129		97		307

				小計		合計		176		253		178		607

		專利類別						FY90		FY91		FY92(9月底)		小計

		專利獲證		國內		國內		26		39		41		106

				國外		國外		10		31		16		57

				小計		合計		36		70		57		163





專利統計

		0		0

		0		0

		0		0



合計176

合計253

合計178

專利申請

國內

國外



專利比較

		0		0

		0		0

		0		0



合計36

合計57

合計70

國內

國外



學界合作

				FY89				FY90								FY91		FY92(9月底)

		一般科專		9.7				10.1								9.4				29.2		9.7333333333

		創新前瞻計畫						15.5								17.1		10.5		43.1		14.37

		專利類別				FY90		FY91		FY92 (10月底)		小計

		專利申請		國內		95		124		102		321

				國外		81		129		122		332

				小計		176		253		224		653

				成長率		-		43.8%		6.2%		191.5%		0.3704166667

		專利類別				FY90		FY91		FY92  (10月底)		小計

		專利獲證		國內		26		39		47		112

				國外		10		31		18		59

				小計		36		70		65		171

				小計		-		94.4%		11.4%		163.1%		0.7996296296

		年度		專利件數		專利文獻數		專利文獻比例		論文文獻數		論文文獻比例		專利引證數		專利引證率

		FY90		9		85		944%		3		33%		4		44%

		FY91		22		159		723%		11		50%		7		32%

		FY92		16		83		519%		4		25%		2		13%



專利獲證



學界合作

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



一般科專

創新前瞻計畫

單位：篇/億元



				FY90		FY91		FY92

		案件數		51		71		180

		經費                                (百萬元台幣)		30.2		34.7		136.1

		每案平均經費           (百萬元台幣)		0.591		0.488		0.756

		佔年度總經費比例		2.37%		2.31%		7.94%

		前瞻計畫經費		1,272,503		1,500,000		1715000

		工研院科專總經費		8,525,000		8,505,000

		本院委託學校		164,000		162,000

				1.85%		1.82%






