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摘要


本人於102年1月4日至1月6日，前往美國加州參加於聖地牙哥Westin飯店國際會議廳(Pearl Room)，舉行的ASSA年會之「CEANA-NTU-TEA」場次，並於會議中發表論文並擔任同場次另一篇文章的評論人。「CEANA-NTU-TEA｣場次包括兩天會議，共有25篇文章發表，涵蓋應用及實證經濟（四場）、總體經濟及經濟理論等領域各一場。每場會議之文章發表均由該場次之其他發表人擔任評論人，會議中討論十分熱烈。本人發表論文之題目為「臺灣積體電路產業超效率及生產力之動態研究」(A Dynamic Study on the Super Efficiency and Productivity Performance of Taiwanese Integrated Circuit Industries). 半導體產業為國內兩兆雙星重點產業之一，其效率及生產力的提升，是增進其國際競爭力的關鍵因素，因此，本人於會議中發表之論文，亦獲得與會專家學者的高度重視，並提供非常有價值之評論意見及建議。
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1、 目的
美國經濟學會(AEA)成立於1885年，總部設在田納西州，為不以營利為目的之經濟相關研究專業組織，出版經濟學中最負盛名的學術期刊之一：美國經濟評論(American Economic Review, AER)，以及經濟文獻(EconLit)資料庫。聯合社會科學學會(ASSA)是由一群正式被AEA承認的從事社會科學相關研究的學術專業組織所組成，截至2007年，ASSA已包括50個學(協)會組織，並與AEA年會聯合舉辦年度會議。現今，ASSA年會已是年度最大的經濟學家會議。很多專業性經濟學會均利用ASSA年會之機會，進行學術交流及聯繫。
CEANA 是由一群在北美之華人經濟學家於1986年所成立之學術專業組織,以凝聚北美地區經濟專業人才在經濟領域上之影響力, 以及形成華人經濟學家定期之互動平台. CEANA 為ASSA之正式成員, 在每年 ASSA年會中亦聯合舉辦 CEANA會議, 對於拉近華人經濟學家之學術交流, 以及參與全球性ASSA國際會議上, 均具有重要意義. 近十年來, 臺灣最重要的經濟學術組織—台灣經濟學會( TEA) , 以及臺灣大學經濟系(NTU), 開始與CEANA有緊密互動, 且在每年ASSA年會時聯合舉辦「CEANA-NTU-TEA┘年會, 讓臺灣經濟學者與北美經濟學者一起更積極地參與全球性經濟學國際會議, 且在該聯合年會中, 進行新聘人才的面談及延攬. 
現今, 參與ASSA聯合年會以及 CEANA-NTU-TEA 年會, 已成為臺灣經濟學者參加非常踴躍的年度盛會, 個人亦藉由參與ASSA2013年會之機會，得以與經濟學各領域專家學者共同討論當今最受矚目的經濟課題及發展趨勢，藉此機會亦可提出最近研究構想，且在論文發表時獲取寶貴建議，提升個人學術研究之視野及水準。
2、 過程

本次ASSA年會在美國加州聖地牙哥舉行，場面盛大，除了正式會議之論文發表，例行地提供即將畢業的博士候選人在該場合進行謀職面談，徵才大學或機構亦踴躍出席會議，得以擇優即早錄取傑出人才。
中國經濟學會在北美(Chinese Economic Association in North America；簡稱CEANA)成立於1986年，為ASSA之正式成員，其會員除了北美的中國經濟學家，還包括來自五大洲和多元領域在產官學之經濟專業人才。臺灣經濟學會(Taiwan Economic Association；簡稱TEA)與臺灣大學(National Taiwan University；簡稱NTU)為加強與AEA與CEANA之聯繫與交流，多年來亦於ASSA年會中共同籌辦「CEANA-NTU-TEA」會議場次，吸引來自中國、臺灣及居住在美國或其他國家的華人經濟學者與會，一方面進行學術交流，另方面可促進華人經濟學者之間的互動及聯繫。
ASSA2013年會之「CEANA-NTU-TEA」場次，包括6個小組會議，分別屬於應用與實證經濟(I)(II)(III)(IV)，經濟理論及總體經濟等主題，每個小組會議有4至5篇論文發表並互為評論人。會議第一天,在陽光燦爛的聖地牙哥,來自全美各州及臺灣之與會經濟學者, 陸續抵達, 會議前交換最近的研究心得及學術資訊,隨即開啟第一天之三個場次會議, 上午有兩場應用及實證經濟領域之論文發表,下午為經濟理論領域, 第一天共有十二篇論文發表. 第二天會議上午場為總體經濟領域之五篇文章發表, 接著是兩場應用及實證經濟, 我的論文發表是在12:15 至2:15舉行的應用及實證經濟場次, 大約有20人參加, 有四篇文章發表. 

在這次會議中，本人發表之論文「臺灣積體電路(IC)產業超效率及生產力之動態研究」為國科會計畫研究成果的一部分，本論文引用新進研究方法(Slacked-based measures;SBM)，探討臺灣IC產業之效率與生產力變動。2002年，半導體產業被列為臺灣兩兆雙星產業之一，在2009年，晶圓代工及DRAM兩大IC製造部門分別為全球銷售第一及第二，IC封測業亦為全球第一，而IC設計業僅次於美國，排名第二。對於臺灣表現如此亮眼且重要的產業，近年來常受到經濟景氣(例如，金融危機)影響，日、韓、美國等在技術上之競爭，以及中國與印度在成本上之競爭，值得對該產業之效率與生產力進行探討及分析，以研擬相關對策。
會議結束後, 當天晚上由CEANA 安排一場與會學者的餐敘, 這是一個所有與會者齊聚一堂互相認識及學術交流的機會, 雖然自行付費, 參加者仍十分踴躍.  綜合而言, 參加本次會議，一方面藉由在國際會議中發表最近完成的研究論文，得到與會先進寶貴的建議及修改意見，另方面也得以參與其他學者在前緣經濟議題研究之討論，增益良多。
3、 心得及建議

ASSA年會是經濟學跨各相關領域年度最大的盛會，可以舉辦如此大型會議的地點亦均需具有相當規模及設備，加上周邊需有四星級以上住宿飯店容量，以及便利之交通動線。去年會議地點在芝加哥，今年在聖地牙哥，明年預定在費城舉行。ASSA盛大年會為當今知名經濟相關學者均會參與的國際會議，並率同即將畢業的博士候選人與會，形成尋職之重要場合，各大學或機構亦在此機會下可以延攬到優秀人才。在此會議下，大師級學者亦常獲邀進行專題演講，受到與會學者之高度期待。
我們這次參與的是ASSA年會之「CEANA-NTU-TEA」場次，該場次會議地點與年會主場次地點，約需步行5分鐘，在互動性及場次聯繫性方面稍嫌不足。將建議「CEANA-NTU-TEA」場次之主辦單位可以事先安排會議場次應盡可能接近主場次，或是參加ASSA年會時，盡量投稿到屬於主場次的會議場次，相信可進一步達成參與國際會議的預期效益。
4、 附錄
(一)、 會議議程
Schedule for CEANA-NTU-TEA Sessions

ASSA Meetings, San Diego 2013

Session Title: Applied/Empirical Economics I

Date and Time: Friday, January 4, 2013; 9:30 – 11:30AM
Location: Westin San Diego, Pearl Room

Session Chair: Tam Bang Vu (University of Hawaii-Hilo; tamv@hawaii.edu)
Papers

1. Tin-Chun Lin (Indiana University – Northwest; tinlin@iun.edu) – Does Students Behave Like Producers? Empirical Analysis and Implications

2. Loretta Fung (National Tsing Hua University, Taiwan; phfung@mx.nthu.edu.tw), Jin-Tan Liu (National Taiwan University), and Deborah Swenson (University of California, Davis) – Location Choice of Taiwanese Multinationals in China

3. Feng-An Yang (National Taiwan University; fengan.yang@gmail.com), and Hung-Hao Chang (National Taiwan University) – Biodiversity Protection and Consumption of GM Products? A Case Study of A Choice Experiment in Taiwan

4. Tam Bang Vu (University of Hawaii-Hilo; tamv@hawaii.edu) – Full Capital Convertibility for China? A Theoretical Framework and Empirics

Discussants

1. Feng-An Yang (National Taiwan University; fengan.yang@gmail.com)

2. Tam Bang Vu (University of Hawaii-Hilo; tamv@hawaii.edu)

3. Tin-Chun Lin (Indiana University – Northwest; tinlin@iun.edu) 

4. Loretta Fung (National Tsing Hua University, Taiwan; phfung@mx.nthu.edu.tw)

Session Title: Applied/Empirical Economics II

Date and Time: Friday, January 4, 2013; 11:45AM – 1:45PM
Location: Westin San Diego, Pearl Room

Session Chair: Wan-Jiun Paul Chiou (Central Michigan University; wpchiou@gmail.com)

Papers

1. Yoshinori Kurokawa (University of Tsukuba, Japan), Jiaren Pang (Tsinghua University, China), and Yao Tang (Bowdoin College; ytang@bowdoin.edu) – Exchange Rate Regimes and the Wage Comovements

2. Sanae Tashiro (Rhode Island College; tashiro.ru@hotmail.com) – Food Stamps and Food Consumption during the Great Recession

3. Chu-Ping C. Vijverberg (Wichita State University; chuping.vijverberg@wichita.edu), and Wim Vijverberg (CUNY – Graduate Center) – Generalized Tukey Lambda Distribution in Time Series Modeling

4. Chin-Wen Huang (Western Connecticut University), Chun-Pin Hsu (City University of New York), and Wan-Jiun Paul Chiou (Central Michigan University; wpchiou@gmail.com) – Does Applying Time-Varying Copulas Yield Economic Value in International Portfolio Optimization?

Discussants

1. Chu-Ping C. Vijverberg (Wichita State University; chuping.vijverberg@wichita.edu)

2. Wan-Jiun Paul Chiou (Central Michigan University; wpchiou@gmail.com)

3. Yao Tang (Bowdoin College; ytang@bowdoin.edu)
4. Sanae Tashiro (Rhode Island College; tashiro.ru@hotmail.com)
Session Title: Economic Theory

Date and Time: Friday, January 4, 2013; 2:00 – 4:00PM
Location: Westin San Diego, Pearl Room

Session Chair: Siu Fai Leung (Hong Kong University of Science and Technology; sfleung@ust.hk)

Papers

1. Masanori Kashiwagi (National Taiwan University; mkashiwagi@ntu.edu.tw) – Implications of Export Invoicing Currency to International Policy Cooperation

2. Chu Ping Lo (National Taiwan University; cplo@ntu.edu.tw) –The Impact of Offshore Production on Within-Industry Reallocation and Aggregate Industry Productivity

3. Chien-Chieh Huang (Soochow University, Taiwan), Ci-Ru Huang (National Dong Hwa University, Taiwan), and Wei-Wei Lee (National Dong Hwa University, Taiwan; wwlee@mail.ndhu.edu.tw) – MCO Competition and Quality of Health Care: A Two-Sided Market Approach
4. Siu Fai Leung (Hong Kong University of Science and Technology; sfleung@ust.hk) – Optimal Resource Allocation with a Continuum of Producers

Discussants

1. Wei-Wei Lee (National Dong Hwa University, Taiwan; wwlee@mail.ndhu.edu.tw)

2. Siu Fai Leung (Hong Kong University of Science and Technology; sfleung@ust.hk) 

3. Masanori Kashiwagi (National Taiwan University; mkashiwagi@ntu.edu.tw)

4. Chu Ping Lo (National Taiwan University; cplo@ntu.edu.tw)

Session Title: Macroeconomics

Date and Time: Saturday, January 5, 2013; 9:30 – 12:00PM
Location: Westin San Diego, Pearl Room

Session Chair: Hung-Ju Chen (National Taiwan University; hjc@ntu.edu.tw)

Papers

1. Been-Lon Chen (Academia Sinica, Taiwan), Yu-Shan Hsu (National Chung Cheng University; yushanshie@gmail.com), and Kazuo Mino (Kyoto University, Japan) – Welfare Implications and Equilibrium Indeterminacy in a Two-Sector Growth Model with Consumption Externalities

2. Shu-Hua Chen (National Taipei University, Taiwan; shchen@mail.ntpu.edu.tw), and Jang-Ting Guo (University of California, Riverside) – Progressive Taxation and Macroeconomic (In)stability with Utility-Generating Government Spending

3. Minchung Hsu (National Graduate Institute for Policy Studies, Japan), Pei-Ju Liao (Academia Sinica, Taiwan; pjliao@econ.sinica.edu.tw), and Chang-Ching Lin (Academia Sinica, Taiwan) – Revisiting Private Health Insurance and Precautionary Saving – A Theoretical and Empirical Analysis

4. Been-Lon Chen (Academia Sinica, Taiwan), Chih-Fang Lai (National Taiwan University), and Chia-Hui Lu (National Taipei University, Taiwan; chlu@mail.ntpu.edu.tw) – Quantifying Declines in Labor Supply between Employment and Hours: Labor Taxes vs. Labor Regulations

5. Hung-Ju Chen (National Taiwan University; hjc@ntu.edu.tw), and Rezina Sultana (Bar-Ilan University, Israel) – Job Reservation and Intergenerational Transmission of Preferences

Discussants

1. Pei-Ju Liao (Academia Sinica, Taiwan; pjliao@econ.sinica.edu.tw)

2. Chia-Hui Lu (National Taipei University, Taiwan; chlu@mail.ntpu.edu.tw)

3. Hung-Ju Chen (National Taiwan University; hjc@ntu.edu.tw)

4. Yu-Shan Hsu (National Chung Cheng University; yushanshie@gmail.com)

5. Shu-Hua Chen (National Taipei University, Taiwan; shchen@mail.ntpu.edu.tw)

Session Title: Applied/Empirical Economics III

Date and Time: Saturday, January 5, 2013; 12:15 – 2:15PM
Location: Westin San Diego, Pearl Room

Session Chair: Wen S. Chern (National Chung Cheng University, Taiwan; Chern.1@ccu.edu.tw)
Papers

1. Yu-Ning Chien (National Taiwan University; d95627001@ntu.edu.tw), Yir-Hueih Luh (National Taiwan University), and Fung-Mey Huang (National Taiwan University) – Learning by Doing or Knowledge Sharing from Peers: Performance Evaluation of the Hysterectomy Surgery in Taiwan

2. Mei-Ying Huang (National Taipei University, Taiwan; mayin@mail.ntpu.edu.tw) – The Performance Evaluation on Efficiency and Productivity of Taiwanese Semiconductor Firms: An Application of Super SBM-DEA Model
3. Tsu-Tan Fu (Soochow University, Taiwan; tfu@scu.edu.tw) – Evaluating Performance of Colleges of Business in Taiwan using a Hybrid Fuzzy AHP-DEA Model
4. Wen S. Chern (National Chung Cheng University, Taiwan; Chern.1@ccu.edu.tw), and Jhih-Cyun Yan (National Chung Cheng University, Taiwan) – Contribution of Student Migrants to the United States on Economic Growth in Taiwan

Discussants

1. Tsu-Tan Fu (Soochow University, Taiwan; tfu@scu.edu.tw)

2. Wen S. Chern (National Chung Cheng University, Taiwan; Chern.1@ccu.edu.tw)
3. Yir-Hueih Luh (National Taiwan University; yirhueihluh@ntu.edu.tw)

4. Mei-Ying Huang (National Taipei University, Taiwan; mayin@mail.ntpu.edu.tw)

Session Title: Applied/Empirical IV

Date and Time: Saturday, January 5, 2013; 2:30 – 4:30PM
Location: Westin San Diego, Pearl Room

Session Chair: Ben-Chieh Liu (Chicago State University; bencliu678@hotmail.com)

Papers

1. Huimin Li (West Chester University of PA; HLi@wcupa.edu), Dazhi Zheng (West Chester University of PA), and Jun Chen (Xi’an Jiaotong University, China) – Effectiveness, Cause and Impact of Price Limit – Evidence from China’s Cross-Listed Stocks
2. Show-Ling Jang (National Taiwan University; sljang@ntu.edu.tw), Tzu-Ya Wang (National Taiwan University), and Jennifer H. Chen (Nanhua University, Taiwan) – Cross-Border Patenting in Emerging Countries – The Cases of China and India

3. Daisy J. Huang (City University of Hong Kong), Charles K. Leung (City University of Hong Kong; kyc.leung@cityu.edu.hk), and Baozhi Qu (China Merchants Group and University of International Business and Economics, China) – Can Credit and Location Choice Explain the House Price Inflation in China?
4. Ben-Chieh Liu (Chicago State University; bencliu678@hotmail.com), Jan-Jo Chen (Chicago State University), Jian-Chern Chen (Northwestern Polytechnic University), Johnson John (Chicago State University), and Lee-Hsuan Lin (Yuan-Ze University, Taiwan) – Economic Growth, Environment Green, and Marketing Greed: An Industrial Comparison among the Richest 100 Billionaires in China and USA, 2005-2011

Discussants

1. Charles K. Leung (City University of Hong Kong; kyc.leung@cityu.edu.hk)
2. Ben-Chieh Liu (Chicago State University; bencliu678@hotmail.com)

3. Huimin Li (West Chester University of PA; HLi@wcupa.edu)

4. Show-Ling Jang (National Taiwan University; sljang@ntu.edu.tw)

(二)、發表論文全文
A Dynamic Study on the Super Efficiency and Productivity Performance of Taiwanese Integrated Circuit Industries

Huang, Mei-Ying         and          Juo, Jia-Ching

Professor, National Taipei University      Assistant professor, LungHwa University

                                    Of Science and Technology  
ABSTRACT

The purposes of this research aims at elaborating the slack-based measures (SBM) of efficiency, super efficiency and productivity models, and then estimating the technical efficiencies, efficiency change, technical changes and productivity changes of Taiwanese Integrated Circuit (IC) firms during 2002-2009. Our sample includes 58 IC-design firms, 10 IC-manufacturing firms, and 24 IC-packaging and testing firms.  The results have shown the following findings. By the SBM models, during the study period (2002-2009), the results indicate that Taiwanese IC firms have enjoyed efficiency improvements (5.49%) over all the sample periods, on average, however, they faced technical regress (-1.30%). As a result, the productivity growth of IC industry has increased by 4.12%.  Regarding the performance of its sub-industries, we can find that the IC-packing-and-testing industry outperformed the other two sub-industries in the average annual productivity growth, up to 5.17%. Its higher productivity came from the contribution of the improving technology (up to 3.53%). On the other hand, the IC-manufacturing industry had a deteriorating productivity and technology over the whole sample period 2002-2009. Finally, firms are divided into four quadrants with reference to their efficiency scores and indices of productivity change. The firms with super efficiency scores and high productivity growth appeared only in the IC design industry. For the three sub-industries, almost half of our sample firms are located in case II which implies the lack of managerial efficiency. Also, over 40% of firms are located in the worst situation (case III) with worse efficiency and deteriorating productivity. 
1. Introduction

Taiwanese semiconductor industry has been one of the “Two-trillion and Two-star industries” which is the project launched by the government in 2002. Through some effective measures enforced, including the development of “system on chip” technology, the build of a common international product standard (Rosetta Net) and also cultivation of skillful experts for semiconductor industry, Taiwan’s semiconductor industry had successfully achieved the target of trillion-dollar sales in 2004. In 2007, Taiwan was the fourth largest semiconductor producing country in the world. Although the subprime mortgage crisis occurred in 2008 had inflicted heavy losses on both world economy and also semiconductor industry, Taiwan’s semiconductor industry has still kept its leading position in the world. Generally, we regard the semiconductor industry as the Integrated Circuit (IC) industry which count over 80% of total sales in semiconductor industry. Vertically, the IC industry includes three sub-industries as the IC Design (upstream), IC manufacturing (midstream), and IC packaging and testing (downstream). According to the reports of Taiwan Semiconductor Yearbook (2010), among various selected Integrated Circuit (IC) industries, the IC Foundry and DRAM of IC manufacturing are respectively ranked the first and second in the world , the IC design is second only to US, and the IC packaging and IC testing are both ranked first in the world.

The success of the development of Taiwanese semiconductor industry has been attributed to the industrial promotion policies supported by the government over time. Taiwan’s semiconductor industry has been characterized by its unique operation patterns of vertical disintegration and forming of the industrial clusters. Through the strategic alliance among companies, the cluster effects and the integration of sources from upstream to downstream industries can be brought into play ,and further to obtain the competitive advantages due to more flexibility, higher speed, and lower cost. However, despite its important role in the global production of semiconductors, Taiwan’s companies have continually confronted with the strong technological competition from other leading developed countries, including Japan, US, and South Korea, as well as cost competition from other newly-industrializing countries such as China and India.

Besides, the financial crisis occurred in 2008 had resulted in the great recession of worldwide economies. The global growth rate of world economy was -1.3%(-0.6%) in 2008 (2009) and the global growth rate of semiconductor industry was -2.8%(-0.9%) due to the decline in the consumption of electronic products. In Taiwan, the growth rate of GDP and the semiconductor industry was 0.73%(-1.87%) and -8.1%(-7.2%) in 2008(2009) respectively. The degrees of recession in world’s semiconductor industry were higher than the whole economy. Also, the recession found in Taiwan’s semiconductor industry was significantly more serious than that in the world’s semiconductor industry.  The main reason is that the demand of DRAM, which is the principle sector in Taiwan’s IC manufacturing, has declined dramatically due to shrinked consumption in electronic products. The DRAM of IC manufacturing in Taiwan has been ranked the second in the world, only next to South Korea. Faced with the tremendous impacts from the financial tsunami on the DRAM and the entire semiconductor industry, Taiwanese semiconductor companies must accommodate such urgent international competition and improve their productivity by advancing innovative technology or by enhancing their management efficiency to further raise their competitive advantages. 

The purposes of this research aims at elaborating a SBM-DEA empirical model, based on the studies of Tone (2001,2002,2004), and then estimating the technical efficiencies, efficiency change, technical changes and productivity changes of Taiwanese IC industries(IC-design, IC-manufacturing, and IC-packaging&testing)   during 2002-2009. A managerial decision-making matrix proposed in Lo and Lu (2009) is also presented to provide directions for improving efficiency and productivities. The empirical results of this research expect to provide the useful information for the government and IC industries on the ways to improve their managerial efficiencies, technologies and the productivities. Thus, the international competitiveness of Taiwan’s IC industry will be continuously enhanced.

The structure of this paper includes six sections. Section 2 gives the reviews of relevant literatures. Section 3 delineates the analytical models used in this study. Section 4 is the description of data and variables specification. Section 5 presents the empirical results. The last section is the concluding remarks.

2. The Relevant Literatures

Most of the previous research related to the semiconductor industry in Taiwan has been directed at the role of government or the industrial development strategies in improving the competitiveness of the industry (Tung, 2001; Chang and Tsai, 2002; Saha, 1998; Chen and Sewell, 1996; Chang and Hsu, 1998). Despite some studies had attempted to evaluate efficient performance of Taiwanese semiconductor firms, however, their evaluations had been conducted through the use of either the simple data envelopment analysis (DEA) (Hu and Li,2004; Fung, 2001) or the Malmquist productivity index approach (Chen, 2005; Huang, 2005).

The slack-based measure (SBM) of efficiency and productivity initiated by Tone (2001) have provided an alternative method for evaluating the relative efficiency and the productivity change. BCC model (or CCR model), while producing units-invariant radial inefficient estimates, does not generate units-invariant estimates of non-radial inefficiency. An additive model of DEA developed by Charnes et al. (1985), which deals directly with input and output slacks, has no scalar measure of gauging the depth of inefficiency. Relatively, Tone (2001) introduced a scalar measure of efficiency based on so called SBM efficiency and proved this new measure with the well-defined properties of units invariance, monotonicity and reference-set dependence.

Basically, Tone (2001)’s SBM efficiency is non-radial and deals with input and output slacks directly. Further, to discriminate the plural decision making units (DMUs) with full efficient status, Tone (2002) proposed a super-efficiency measure evaluated by SBM ( hereafter called Super SBM). The rationality of this measure was demonstrated by comparing it with the radial measure of super-efficiency. To implement the Malmquist productivity measure, Tone (2004) presented a non-radial and non-oriented Malmquist Index calculated from the SBM model. This paper will name it SBM Malmquist Productivity Index (SBM MPI). Several related applications of SBM DEA model mentioned below include Avkiran and Rowlands (2008), Drake et al.(2006), Liu and Wang (2008), Lo and Lu(2009), Chen, Lu and Yang (2009), etc.

Avkiran and Rowlands (2008) reviewed the shortcomings of the three-stage DEA/SFA approach used by Fried et al. (2002), and proposed a more comprehensive analysis where total input and output slacks are as measured simultaneously against the same reference set, facilitated by a non-oriented (SBM) model that is fully units-invariant. There were two related researches on comparing analytical models of SBM and BCC (or CCR) to our current study. Drake et al. (2006) applied the Tone (2001) SBM DEA program combined with the Fried et al. (1999) approach to adjust DEA results for the potential impact of environmental factors in Hong Kong banking studies. The results indicated that SBM efficiency scores will be more accurate and always be equal to or lower than the BCC scores.  Liu and Wang (2008), measuring the Malmquist productivity of 15 semiconductor packaging and testing firms in Taiwan from 2000 to 2003, used SBM and super-SBM models to obtain more accurate measurements and made the comparison between the results from SBM/super SBM and CCR models. The results have shown that the SBM approach indeed revises the weak points of the radial-based CCR measures. Lo and Lu (2009) integrated the SBM and super SBM models and also the SBM-based Malmquist index, to evaluate the efficiency and productivity change of 14 financial holding companies in Taiwan. A four-zoned decision making matrix was also presented in their paper to provide the directions for efficiency-improving efforts. Chen, Lu and Yang (2009) applied similar SBM DEA methodology as Lo and Lu (2009) to examine the performance of electricity distribution districts in Taiwan during 2000 to 2004.

This paper will adopt a slack-based measure (SBM) DEA models introduced by Tone (2001, 2002, 2004), and use these models to evaluate the efficiency and productivity performance of Taiwanese IC industry during 2002-2009. The directions for improving the efficiency and productivity will also be suggested according to managerial decision-making matrix results.

The sample period for this study will start from the year 2002, for IC industry chosen as one of “two-trillion value industry”, to the year 2009, to cover the impacts of economic recession and recovery. We expect that the analytical results can provide some valuable strategies for improving the managerial efficiencies and upgrading the industrial technology, further to effectively promote the international competitiveness of Taiwan’s semiconductor industry.

3. Analytical Models

The SBM and super SBM methods, followed by the corresponding measures of Malmquist productivity index, will be used to measure efficiency and productivity of the Taiwanese semiconductor industry.

3.1 SBM model

As mentioned in Avkiran and Rowlands (2008), the conventional DEA model (BCC or CCR) does not guarantee units-invariant estimates of non-radial inefficiency, while producing units-invariant radial inefficiency estimates.  For consistent interpretation of DEA, it’s necessary to choose a fully units-invariant DEA model which can capture the non-radial slacks of inputs and outputs. They proposed a more comprehensive analysis where total input and output slacks are measured simultaneously against the same reference set, facilitated by a non-oriented SBM model (initiated by Tone , 2001)) that is fully units-invariant.


Suppose that there are total K DMUs and each DMU produces M outputs with N inputs for each period. For any DMU h, we denote the output and input vectors by 
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. The non-oriented SBM program under constant returns to scale is shown below, where ρh is the efficiency scalar of DMU h that captures non-radial slacks.
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 is an intensity variable of DMU j (j=1, 2,.…, K). On the other hand, 
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represent input and output slacks of DMU h, and Σxλ and Σyλ represent benchmark input consumption and output production respectively.  In Eq. (1) the test DMU is deemed efficient if the optimal value for the objective function is unity. That is, for any efficient DMU, all its optimal input slack (input excess) and output slack (output shortfall) must equal zero. However, Eq. (1) is a non-linear program which cannot guarantee the unique optimal solution. It can be transformed into a linear form using the Charnes-Cooper transformation (see Charnes and Cooper , 1962; Charnes et al., 1985):
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3.2 Super-efficiency-SBM model

The SBM efficient status of a DMU is denoted by a score of one, that is ρ = 1. However, we often find that there are multiple DMUs sharing efficient status in the field of DEA. The basic concept of the super-efficiency-SBM model is to further distinguish real benchmarks among those DMUs which have shared SBM efficient status. All the model wants to do is to take the observed SBM efficient DMUs out from the production possibility set constructed by the remaining DMUs. The next step is then to calculate the weighted distance between a SBM efficient DMU and the frontier constructed by the above production possibility set. If the distance is large, the super-efficiency of the DMU is judged to be higher because the remaining DMUs fall farther behind it. By contrast, a smaller distance denotes a lower super-efficiency owned by the DMU. It means that the DMU marginally outperforms the remaining DMUs. If DMU o (xio, yro) has a SBM efficiency score (ρo = 1), then its super efficiency (σo) is evaluated by solving the following fractional program with reference to the non-oriented super-SBM model of Tone (2002).
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) is the point located in the production possibility set constructed by the remaining DMUs. The numerator of the objective function in Eq. (3) is a weighted distance from xio to 
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. Thus, the objective function is a product of two indices, resulting from inputs and outputs. σo* is not less than 1 and attains 1 if and only if (xio, yro) belong to the point located in the production possibility set constructed by the remaining DMUs. Eq. (3) can be transformed into a linear form using the Charnes-Cooper transformation (see Charnes and Cooper , 1962; Charnes et al., 1985):
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3.2 The non-radial and non-oriented SBM Malmquist Productivity Index


Following the concept of Malmquist productivity index first introduced by Malmquist (1953) and developed by several researchers, Tone (2004) has shown the Malmquist Index (MI) computed as the product of (catch-up) effect and (frontier-shift) effect, using the 
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Eq. (5) is composed of two own-period and two cross-period items. It can be further decomposed into Eq. (6) as follows.
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 MI>1 indicates progress in TFP of the DMU0 from period u to t, while MI=1 and 
MI<1 indicate respectively remaining constant and regress in TFP. Similarly, the 
catch-up and frontier-shift effects are also measured in the critical value of 1.


The catch-up effect corresponds to the technical efficiency changes 
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 and the frontier-shift effect infers the technical changes 
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. Importantly and differently, the measurement of non-oriented SBM Malmquist index consists of four terms,
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. The first two terms are own-period components. Both are first calculated by the non-oriented SBM model in Eq. (1), and the super SBM score will be further calculated by Eq. (3). The last two terms are cross-period components. The non-oriented SBM and super SBM models used to compute 
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 can be illustrated by Eq. (7) and Eq. (8) as follows.
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 can be calculated in the similar ways to those in Eq. (7) and Eq. (8).
4. Data and Variable Description

The sample firms used in this study are drawn from companies listed in the Taiwan Stock Exchange and the over-the-counter Securities Exchange. These firms are major firms that are relatively sizable since they are qualified to raise funds in the open financial market of Taiwan. Our sample includes 58 IC-design firms, 10 IC-manufacturing firms, and 24 IC-packaging and testing firms from these publicly traded firms in order to ensure the consistency and reliability of the data.

The output variable used is the net value of sales. The use of sales value rather than sale quantity is to provide a uniform unit, since semiconductor firms usually produce different products with different prices by the nature of their industry. The Net sale is defined as gross sale value minus product sale return and discounts. The input variables used for DEA are R&D expenditures, fixed assets, labor costs and the other operating costs. For a knowledge-based industry such as the semiconductor industry, research and development is the key to firm’s growth and survival. Therefore, R&D expenditure of firms is recognized as an essential input for production. In addition, since the semiconductor industry is in capital intensive nature, those fixed capital assets including land, building, computer and other production equipments are essential inputs for production. The net value of fixed assets is used as proxy for capital input. Labor cost defined as wage plus other fringe benefit is used to represent the labor input used in firm’s production. The last input variable is the other operating cost which is defined to be the total operating cost minus labor cost. This variable may capture firm’s other cost related to materials, marketing and product management.

All the data are collected from the TEJ (Taiwan Economic Journal) Database. To insure consistent comparison over time, it is noticed that the output sales are deflated by real effective exchange rate index, whereas those inputs are deflated by the producer price index with 2002 as the base year. Table 1 shows the descriptive statistics of mean values of the original input and output data from 2002 to 2009. Among these three sub-industries, it is easy to find from values of both output and inputs that the IC manufacturing firms have the largest firm size in terms of operations, and these are followed by the IC packaging and testing, and then the IC design firms. By comparing the minimum and maximum values of sales and inputs for each subsector, we also find the variation of firm size to be quite substantial for all subsectors.
	Table 1 Variable description

	
	
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009

	Sales
	Design
	2544.37 
	2973.38 
	3401.37 
	3775.51 
	4293.30 
	4996.51 
	4356.19 
	4623.39 

	
	Manufacturing
	36028.83 
	45106.16 
	61494.12 
	56350.10 
	72516.44 
	68034.27 
	60406.02 
	52229.82 

	
	Packaging and
Testing
	3828.74 
	4699.42 
	6016.98 
	7153.85 
	8828.26 
	9525.29 
	9257.02 
	8536.17 

	
	Total
	6476.30 
	7949.22 
	10322.90 
	10300.52 
	12799.43 
	12943.48 
	11647.79 
	10752.11 

	

	

	R&D 
Expenditures
	Design
	266.41 
	337.60 
	347.42 
	419.27 
	415.79 
	472.68 
	661.93 
	742.32 

	
	Manufacturing
	3845.63 
	3510.26 
	3458.24 
	4001.46 
	4267.29 
	4525.47 
	4627.82 
	4033.10 

	
	Packaging and
Testing
	80.54 
	88.97 
	120.77 
	146.82 
	163.49 
	187.53 
	221.97 
	222.18 

	
	Total
	603.30 
	614.59 
	623.42 
	734.14 
	764.82 
	834.88 
	974.83 
	961.94 

	
	
	
	
	
	
	
	
	
	

	

	Fixed
Assets
	Design
	582.62 
	314.60 
	351.69 
	375.62 
	398.89 
	424.42 
	445.19 
	447.42 

	
	Manufacturing
	58493.74 
	50637.42 
	57866.72 
	62727.71 
	69781.73 
	79002.34 
	68935.25 
	64466.67 

	
	Packaging and
Testing
	4482.68 
	4547.58 
	6293.06 
	6258.10 
	6897.36 
	7650.81 
	7487.57 
	6877.74 

	
	Total
	7816.09 
	6818.04 
	8069.36 
	8598.20 
	9536.43 
	10738.53 
	9627.10 
	8990.65 

	

	Labor Costs
	Design
	66.70 
	63.41 
	61.11 
	66.03 
	77.12 
	127.78 
	126.09 
	150.48 

	
	Manufacturing
	1574.15 
	1751.97 
	2366.90 
	2324.40 
	2723.73 
	2828.55 
	2814.52 
	2717.70 

	
	Packaging and
Testing
	513.47 
	576.36 
	752.53 
	843.47 
	910.48 
	883.05 
	993.33 
	908.77 

	
	Total
	344.09 
	377.35 
	487.48 
	509.49 
	576.76 
	613.10 
	638.97 
	622.22 

	

	Other Operating
Costs
	Design
	1606.00 
	1881.18 
	2217.99 
	2414.70 
	2734.11 
	3111.41 
	2817.64 
	2790.01 

	
	Manufacturing
	27921.45 
	33750.25 
	37585.62 
	38997.63 
	43267.37 
	48592.54 
	50709.72 
	39908.37 

	
	Packaging and
Testing
	3005.43 
	3482.37 
	4157.02 
	5009.43 
	5699.00 
	6187.16 
	6503.00 
	6206.08 

	
	Total
	4796.76 
	5721.17 
	6521.36 
	7017.95 
	7857.66 
	8795.60 
	8918.38 
	7662.80 


5. Empirical results

5.1 Technical efficiency

Table 2 shows the frequency distribution of technical efficiency measured by SBM and Super SBM models under CRS for each year. The lowest average technical efficiency appeared in 2002 (0.5429). Average technical efficiency peaked in 2008 (0.7459). When we further examine the frequency distribution of technical efficiency, it can be found that more companies were super SBM-efficient, peaking at 22 in 2006 and 2009. Most of them belonged to the IC design industry. Besides, we can also find that technical efficiency of companies concentrated in the range of less than 0.6 in most of the sample periods.
	Table 2 Frequency distribution of technical efficiency (SBM-eff. and Super SBM-eff.) 

	Technical efficiency
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009

	<0.4
	36
	16
	20
	14
	9
	15
	9
	11

	0.4－0.5
	22
	21
	26
	21
	22
	9
	6
	12

	0.5－0.6
	7
	17
	13
	15
	16
	17
	16
	12

	0.6－0.7
	9
	15
	10
	15
	9
	9
	16
	15

	0.7－0.8
	7
	4
	6
	3
	6
	15
	11
	13

	0.8－0.9
	1
	2
	4
	8
	4
	7
	13
	7

	0.9－1.0
	0
	1
	0
	0
	4
	0
	3
	0

	1.0－1.1
	0
	5
	3
	4
	5
	3
	7
	9

	1.1－1.2
	2
	6
	3
	4
	5
	4
	2
	5

	1.2－1.3
	3
	0
	0
	2
	4
	5
	2
	4

	1.3－1.4
	1
	2
	2
	2
	0
	2
	3
	1

	1.4－1.5
	0
	0
	1
	1
	3
	3
	1
	0

	1.5<
	4
	3
	4
	3
	5
	3
	3
	3

	Min.
	0.0876
	0.1564
	0.1485
	0.2091
	0.1941
	0.2126
	0.1102
	0.1320

	Mean
	0.5429
	0.6453
	0.6404
	0.6580
	0.7359
	0.7290
	0.7459
	0.7279

	Max.
	1.7176
	2.4549
	2.6703
	1.7189
	2.6269
	1.9306
	1.8040
	1.8661


Fig. 1 and Table 3 show the results of the overall efficiency in the whole IC industry and the efficiency performance with regard to three sub-industries. First, the last column of Table 3 reports the average results over the whole sample period . The overall IC industry exhibited an average efficiency score of 0.6782 during 2002-2009. Compared with the other two sub-industries, the IC manufacturing industry showed poor and variable performances in most of the sample periods. Its average efficiency over all the sample period was only (0.5097). It should be noted that the IC manufacturing industry had the worst efficiency performance (0.3214) in 2002. Next, the IC design industry showed a very similar trend to that of the overall IC industry. Besides, the IC packaging and testing industry had the best performance in technical efficiency through the whole sample period. Finally, we can find that efficiencies of all the three sub-industries deteriorated in 2009 due to the global financial crisis.
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Fig. 1 Technical efficiency (Super SBM)
	Table 3 Technical efficiency (Super SBM), 2002-2009 

	
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2002-2009

	Design
	0.5668
	0.6554
	0.6245
	0.6607
	0.7199
	0.7204
	0.7665
	0.7545
	0.6836

	Manufacturing
	0.3214
	0.4512
	0.6545
	0.5015
	0.6501
	0.5355
	0.4937
	0.4695
	0.5097

	Packaging and Testing
	0.5766
	0.7015
	0.6738
	0.7168
	0.8110
	0.8307
	0.8002
	0.7702
	0.7351

	Overall
	0.5429
	0.6453
	0.6404
	0.6580
	0.7359
	0.7290
	0.7459
	0.7279
	0.6782


5.2 SBM Malmquist productivity index and decomposition

   Table 4 shows the frequency distribution of the SBM Malmquist productivity index which is measured using Eqs. (7) and (8). First of all, there exist infeasible solutions in the index while solving mix-period SBM linear programming. Thus, the frequency distribution of the SBM Malmquist productivity and its decomposition excludes those infeasible solutions.  The degree of the improvement in productivity peaked in the period 2002-2003, up to 17.60%. Furthermore, productivity increased throughout the sample period except for 2007-2008, the period in which it deteriorated by 10.38%. There are similar results in the distribution of productivity in most of the sample periods. That is, over 50% of companies showed growth in productivity in the periods 2002-2003, 2004-2005, 2005-2006, 2006-2007 and 2008-2009. For example, 55 out of 73 (net of infeasible number) companies experienced productivity growth in the period 2002-2003, whereas the remaining companies suffered a decline in productivity. In contrast, there are only two periods, 2003-2004 and 2007-2008, in which over 50% of companies exhibited a decline in productivity. Especially, there are only 16 companies which showed positive productivity growth in the period 2007-2008.
	Table 4 Frequency distribution of the SBM-Malmquist productivity index

	SBM-Malmquist
	2002-
2003
	2003-
2004
	2004-
2005
	2005-
2006
	2006-
2007
	2007-
2008
	2008-
2009

	<0.6
	0
	1
	0
	2
	1
	1
	2

	0.6－0.7
	0
	0
	3
	2
	4
	4
	2

	0.7－0.8
	2
	5
	4
	2
	0
	6
	1

	0.8－0.9
	6
	11
	13
	2
	9
	16
	4

	0.9－1.0
	10
	23
	13
	7
	10
	16
	11

	1.0－1.1
	12
	11
	12
	21
	20
	11
	13

	1.1－1.2
	13
	3
	11
	9
	8
	4
	13

	1.2－1.3
	8
	6
	4
	6
	9
	0
	9

	1.3－1.4
	10
	2
	6
	7
	3
	0
	6

	1.4<
	12
	8
	6
	5
	3
	1
	2

	Infeasible
	19
	22
	20
	29
	25
	33
	29

	Mean
	1.1760 
	1.0287 
	1.0311 
	1.0862 
	1.0329 
	0.8962 
	1.0577 


Tables 5 and 6 show the two components contributing to the overall change in productivity. Table 5 reports the frequency distribution of the catch-up (efficiency change) term. The degree of the improvement in efficiency peaked in the period 2002-2003, up to 26.86%. Besides, it was also the major source of contribution to high productivity growth over the period 2002-2003. However, efficiency deteriorated in two periods, 2003-2004 and 2008-2009. With regard to the frequency distribution of the catch-up term, over 50% of companies showed improvement in efficiency in five out of seven sample periods including 2002-2003, 2004-2005, 2005-2006, 2006-2007 and 2007-2008. Especially, efficiencies in 61 out of 73 (net of infeasible number) companies improved over the period 2002-2003. Table 6 shows the frequency distribution of the frontier-shift (technical change) effect. On average, technology deteriorated by 1.30% over the whole sample period 2002-2009. Furthermore, technology deteriorated in three out of seven sample periods. Technology deteriorated very seriously during the period 2007-2008 in which only 7 companies showed improvement in technology.
	Table 5 Frequency distribution of the catch-up index

	Catch-up
	2002-

2003
	2003-

2004
	2004-

2005
	2005-

2006
	2006-

2007
	2007-

2008
	2008-

2009

	<0.6
	0
	1
	0
	1
	2
	1
	3

	0.6－0.7
	0
	2
	2
	4
	1
	3
	3

	0.7－0.8
	0
	11
	7
	2
	4
	4
	2

	0.8－0.9
	6
	18
	6
	5
	12
	4
	14

	0.9－1.0
	6
	15
	7
	15
	9
	9
	16

	1.0－1.1
	11
	5
	13
	13
	17
	11
	11

	1.1－1.2
	9
	6
	12
	8
	8
	8
	10

	1.2－1.3
	14
	4
	11
	6
	7
	8
	2

	1.3－1.4
	5
	1
	5
	3
	3
	6
	1

	1.4<
	22
	7
	9
	6
	4
	5
	1

	Mean
	1.2686 
	0.9838 
	1.1008 
	1.0519 
	1.0142 
	1.0512 
	0.9435 


	Table 6 Frequency distribution of the frontier-shift index

	Frontier-shift
	2002-

2003
	2003-

2004
	2004-

2005
	2005-

2006
	2006-

2007
	2007-

2008
	2008-

2009

	<0.6
	0
	2
	0
	1
	0
	0
	0

	0.6－0.7
	0
	1
	0
	0
	0
	3
	0

	0.7－0.8
	5
	2
	3
	0
	0
	19
	1

	0.8－0.9
	29
	2
	23
	3
	4
	19
	0

	0.9－1.0
	19
	11
	30
	11
	18
	11
	3

	1.0－1.1
	14
	19
	10
	30
	39
	3
	24

	1.1－1.2
	6
	19
	6
	18
	5
	4
	22

	1.2－1.3
	0
	8
	0
	0
	1
	0
	9

	1.3－1.4
	0
	4
	0
	0
	0
	0
	4

	1.4<
	0
	2
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	

	Mean
	0.9270 
	1.0456 
	0.9367 
	1.0326 
	1.0185 
	0.8526 
	1.1210 


Figs. 2 to 4 and Table 7 show the performance of productivity and its components with respect to the whole IC-industry and its three sub-industries for each period. First, we focus on their average performance over the whole sample period 2002-2009. The last three columns of Table 7 show that the overall IC-industry exhibited positive productivity growth (4.12%) which came from the contribution of the improvement in efficiency (5.49%). However, its technology deteriorated by 1.30%, on average. Regarding the performance of its sub-industries, we can find that the average productivity growth of IC-packaging and testing industry during 2002-2009 was 5.17% which outperformed the other two sub-industries (5.07% for IC-design and -1.85% for IC-manufacturing). The highest productivity growth of IC-packaging and testing industry came from the contribution of both technology progress (3.53%) and  efficiency improvement (1.59%). It should be noted that the IC manufacturing industry on average had a technology regress (-6.88%) and resulted in a deteriorating productivity (-1.85%), although its efficiency improvement amounted to 5.40%.
Fig. 2 shows the SBM-Malmquist productivity index for each period. All the three sub-industries and the overall industry showed deteriorating productivity during the period 2007-2008. On the other hand, the period 2002-2003 is the brilliant period for all the three sub-industries. Their productivity improved and peaked in that period. Besides, all the sub-industries showed positive productivity growth over the period 2005-2006. Compared with the other two groups, the IC manufacturing industry exhibited more variable productivity change. Especially, its productivity deteriorated in four out of seven sample periods, including 2004-2005, 2006-2007, 2007-2008 and 2008-2009. However, the IC design and IC packaging-and-testing industries showed positive productivity in most of the sample periods. 
Fig.3 shows the results of efficiency change with respect to the three sub-industries. The period 2002-2003 is the only period in which all the three sub-industries were improved in technical efficiency. The IC manufacturing industry exhibited more variable change in technical efficiency. Finally, Fig. 4 shows the results of technical change. Technology of the IC manufacturing industry deteriorated in most of the sample periods. Technology deteriorated for all the three groups in the period 2007-2008, especially for the IC design industry (up to 21%). However, all the three groups showed improving technology in the next period (2008-2009).

[image: image35.png]1.2000
1.0000
0.8000
0.6000
0.4000
0.2000
0.0000

02-03 03-04 04-05 05-06 06-07 07-08 08-09
Year

—&— Design
—&— Manufacturing

—a— Packaging and
Testing




Fig. 2 SBM-Malmquist index by sub-industry, 2002-2009 
[image: image36.png]1.4000
1.2000
1.0000
0.8000
0.6000
0.4000
0.2000
0.0000

02-03 03-04 04-05 05-06 06-07 07-08 08-09
Year

—— Design

—#— Manufacturing

4 Packagingand
Testing




Fig. 3 Catch-up index by sub-industry, 2002-2009 
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Fig. 4  Frontier -shift index by sub-industry, 2002-2009
	Table 7 SBM-Malmquist index and its components by sub-industry, 2002-2009

	Sub-industry
	2002-2003
	　
	2003-2004
	　
	2004-2005
	　
	2005-2006

	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift

	Design
	1.1334 
	1.2365 
	0.9166 
	
	0.9979 
	0.9558 
	1.0441 
	
	1.0765 
	1.1744 
	0.9166 
	
	1.0656 
	0.9981 
	1.0676 

	Manufacturing
	1.2077 
	1.4166 
	0.8526 
	
	1.1321 
	1.3259 
	0.8538 
	
	0.8133 
	0.9311 
	0.8734 
	
	1.1529 
	1.2755 
	0.9039 

	Packaging and Testing
	1.2792 
	1.2741 
	1.0040 
	
	1.0656 
	0.9228 
	1.1548 
	
	1.0236 
	0.9960 
	1.0278 
	
	1.1168 
	1.1184 
	0.9986 

	Overall
	1.1760 
	1.2686 
	0.9270 
	　
	1.0287 
	0.9838 
	1.0456 
	　
	1.0311 
	1.1008 
	0.9367 
	　
	1.0862 
	1.0519 
	1.0326 


	Table 7 SBM-Malmquist index and its components by sub-industry, 2002-2009 (continued)

	Sub-industry
	2006-2007
	
	2007-2008
	
	2008-2009
	
	2002-2009

	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift
	
	Productivity
	Catch-up
	Frontier

shift

	Design
	1.0574 
	1.0500 
	1.0071 
	
	0.9301 
	1.1774 
	0.7900 
	
	1.1080 
	0.9674 
	1.1453 
	
	1.0507
	1.0748
	0.9776

	Manufacturing
	0.8885 
	0.8560 
	1.0380 
	
	0.7765 
	0.8097 
	0.9590 
	
	0.9919 
	0.9344 
	1.0615 
	
	0.9815
	1.0540
	0.9312

	Packaging and Testing
	1.0457 
	1.0058 
	1.0397 
	
	0.8978 
	0.9568 
	0.9383 
	
	0.9728 
	0.8859 
	1.0982 
	
	1.0517
	1.0159
	1.0353

	Overall
	1.0329 
	1.0142 
	1.0185 
	　
	0.8962 
	1.0512 
	0.8526 
	　
	1.0577 
	0.9435 
	1.1210 
	　
	1.0412
	1.0549
	0.9870


5.3 Decision-making matrix of management

  This section will use the decision-making matrix of management (Lo and Lu, 2009) to analyze the combining results of relative efficiency and productivity change. Fig. 5 shows that firms can be distributed into four quadrants with reference to their efficiency scores and indices of productivity change. Technical efficiency of the current period and the productivity change are taken as the horizontal axis and the vertical axis respectively. The critical value is one for both axes. A larger value of technical efficiency means that a DMU has a better ability to generate more revenues using the lower production cost in our study. Thus, it also means the better profitability currently and less urgency to improve it, especially for the DMUs owning the super SBM efficiency. Contrarily, a smaller value represents worse profitability and an urgent need to improve it. On the other hand, a larger value of productivity change denotes improving potential for generating profits and effective utilization of resources, whereas a smaller value represents deteriorating potential for generating profits and ineffective utilization of resources.  Thus, the decision-making matrix can be divided into four quadrants (cases) according to the above two criteria. The four cases will be discussed as follows.

Case I: Firms in this case own better contemporary efficiency and higher productivity growth. They are benchmarks for other firms and currently owning better managerial efficiency for profitability and positive growth. 

Case II: Firms encounter worse contemporary efficiency but a high productivity growth. It means that their resources do not efficiently used to produce outputs. However, those resources put in the previous period will induce higher productivity growth. It is possible for them to move toward case I if their technical efficiencies are improved. These firms may pay more attention to activities aimed at improving operational management. (Lo and Lu, 2009)

Case III: This is the worst situation in which firms encounter lower technical efficiency and negative productivity. If firms operate under this environment over a long period of time, they should consider the possibility of terminating operation.

Case IV: Firms encounter better contemporary efficiency but a lower productivity growth. It is suggested that they should actively promote their production technology in order to improve productivity. (Lo and Lu, 2009)






Fig. 5 Decision-making matrix of management

  Table 8 shows the frequency distribution of these four cases for firms in the three IC sub-industries. The firms with super efficiency and high productivity growth (case I) appeared only in the IC design industry. However, these “super star” firms did not appear in 2007-2008 and 2008-2009. For all three sub-industries, there are largest number of firms located in case II. The percentages are 56.7%,48.3% and 58.6% for IC-design, IC-manufacturing and IC-packaging and testing respectively. It means that almost half of our sample firms need to improve their managerial efficiency in order to raise their productivity growth.

Secondarily, the percentages of firms located in case III are 40.2%, 41.7% and 41.4% for those three sub-industries. That is, over 40% firms were located in the worst situation with worse contemporary efficiency and deteriorating productivity. These firms need to enhance both the efficiency improvement and also the technology progress, to further increase the productivity growth. Especially, we find that the number of firms belonging to case III dominated those belonging to other cases over 2007-2008 for all sub-industries, due to the impacts of financial crisis. 
Finally, we cannot find any firm appearing in case IV over all sample periods, except for IC-manufacturing. Formerly in Table 7, it indicates that IC-manufacturing has enjoyed the efficiency improvement (5.40%),but encountered the technology regress (-6.88%), and thus resulted in the deterioration of productivity change (-1.85%) during 2002-2009. Some of IC-manufacturing firms (10%) located in case IV means the lack of technological progress for them, even though with high efficiency. The suggestion for policy makers is that IC-manufacturing industry needs to focus on   the R&D investment and promote the higher level of technology progress. The analytical results from Table 7 and 8 are found to be consistent in providing the directions for improving the productivity.  
	Table 8 Frequency distribution of the decision-making matrix of management

	
	2002-

2003
	2003-

2004
	2004-

2005
	2005-

2006
	2006-

2007
	2007-

2008
	2008-

2009

	IC-Design
	Case I
	3
	1
	2
	2
	1
	0
	0

	
	Case II
	28
	15
	27
	30
	27
	10
	31

	
	Case III
	15
	29
	18
	10
	15
	24
	8

	
	Case IV
	0
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	

	IC-Manufacturing
	Case I
	0
	0
	0
	0
	0
	0
	0

	
	Case II
	9
	6
	0
	6
	3
	0
	5

	
	Case III
	1
	0
	7
	0
	5
	8
	4

	
	Case IV
	0
	2
	1
	1
	0
	1
	1

	
	
	
	
	
	
	
	
	

	IC-Packaging and Testing
	Case I
	0
	0
	0
	0
	0
	0
	0

	
	Case II
	14
	8
	9
	10
	11
	6
	7

	
	Case III
	3
	9
	8
	4
	5
	10
	7

	
	Case IV
	0
	0
	0
	0
	0
	0
	0


6. Conclusions

In this paper, we employ the SBM , super SBM and SBM Malmquist index  models, to evaluate the efficiency and productivity change of Taiwanese Integrated-Circuit(IC) firms during 2002-2009. Our sample includes 58 IC-design firms, 10 IC-manufacturing firms, and 24 IC-packaging and testing firms, which are drawn from companies listed in the Taiwan Stock Exchange and the over-the-counter Securities Exchange.

 The results have shown the following findings. By the SBM and super SBM models, during the study period (2002-2009), the results indicate that Taiwanese IC firms have on average enjoyed the efficiency improvements (5.49%) ,however, they faced technical regress (1.30%). As a result, the productivity has on average increased by 4.12% . Regarding the performance of the sub-industries, we can find that the IC packaging-and-testing industry with average productivity growth up to 5.17%, outperformed that of the other two sub-industries ( 5.07% for IC-design and -1.85% for IC-manufacturing). The higher productivity IC-packaging and testing came from  both the technology progress (up to 3.53%) and the efficiency improvement(1.59%) . Besides, the IC manufacturing industry had a deteriorating productivity and also the technology regress over the whole sample period 2002-2009. This study also finds that the entire IC industry and its sub-industries showed productivity regress in 2008, the year in which all of them suffered technical deterioration due to the financial Tsunami. 
Finally, firms are divided into four quadrants with reference to their efficiency scores and indices of productivity change. Our results from the decision making matrix indicate that, almost half of our sample firms were located in case II which implies the lack of managerial efficiency. Also, over 40% of firms in the three sub-industries were located in the worst situation (case III) with worse contemporary efficiency and deteriorating productivity. The firms located in case I with super efficiency scores and high productivity growth appeared only in the IC design industry. Only some of IC-manufacturing firms (10%) were located in case IV which means high efficiency but low productivity and technology. The suggestions for policy makers is that IC-manufacturing industry needs to focus on the R&D investment and promote the higher level of technical progress and further raise the productivity. 

References

Avkiran, N. K. and Terry Rowlands (2008), “How to better identify the true managerial performance: State of the art using DEA”, Omega 36:317-324.

Chang, P.L. and C.W. Hsu (1998), “The development Strategies for Taiwan’s Semiconductor Industry”, IEEE Transaction on engineering management 45:349-356.

Chang, P.L. and C. T. Tsai (2002), “Finding the niche Position-competition strategy of Taiwan’s IC design industry“, Technovation 22:101-111.

Charnes A, Cooper WW (1962), “Programming with linear fractional functional”, Naval Research Logistics Quarterly 15:333-34.

Charnes A, Cooper WW, Golany B, Seiford LM, Stutz J (1985), “Foundations of data envelopment analysis for Pareto–Koopmans efficient empirical production functions”, Journal of Econometrics 30:91-107.
Chen, C. (2005), “Efficiency, Technical Progress and Productivity Growth: an Empirical study of Taiwanese Semiconductor firms.” Master thesis, Institute of International economics, National Chung-Cheng University, Taiwan.
Chen, C. F. and G. Sewell (1996), “Strategies for technological development in South Korea and Taiwan: the case of semiconductors”, Research policy 25, 759-783.
Chen, L.C., W.M. Lu, C. Yang (2009), “Does knowledge management matter? Assessing the performance of electricity distribution districts based on slacks-based data envelopment analysis”, Journal of the Operational Research Society 60, 1583-1593.
Drake, Leigh, M.J.B. Hall and R. Simper (2006), “The Impact of Macroeconomic and Regulatory Factors on Bank Efficiency: A Non-Parametric Analysis of Hong Kong’s Financial Services Sector”, Journal of Banking and Finance 30, 1443-1466.
Fried, H. O., S. S. Schmidt and S. Yaisawarng, (1999), “Incorporating the Operating Environment into a Nonparametric Measure of Technical Efficiency”, Journal of Productivity Analysis 12: 249-267.

Fried, H. O., C. A. K. Lovell, S. S. Schmidt and S. Yaisawarng (2002), “Accounting for environmental Effects and Statistical Noise in Data Envelopment Analysis”, Journal of Productivity Analysis 17: 157-174.

Fung, S., 2001, “Efficiency Measurement of Semiconductor Industry by DEA,” Master Thesis, Institute of Accounting, Chung-Yuan University, Taiwan.

Hu, C. and H. Li, 2004, “Industrial Performance Evaluation Using DEA and Investment Return Methods: the Case of IC Design Industry in Taiwan,” Industry Engineer Journal 21:369-383.

Huang, K., 2005, “The Application of DEA and Malmquist productivity Index: the Case of Semiconductor Industry in Taiwan,” Master thesis, Institute of business Administration, Chang-Gung University, Taiwan.
Liu, Fun-Hwa Franklin, Peng-hsiang Wang (2008), “Taiwanese Semiconductor Companies,” International Journal Production Economics 11:367-379.

Lo SF, Lu WM (2009), “An integrated performance evaluation of financial holding companies in Taiwan”, European Journal of Operational Research 198:341-350. 

Malmquist, Sten (1953), “Index Numbers and Indifference surface,” Trabajos de Estatistica 4:209-242.

Saha, S., (1998), “Improving the efficiency and effectiveness of technology transfer process in the semiconductor industry”, IEEE: 207-212.

Tone, K. (2001), “Theory and Methodology: A Slacks-based Measure of Efficiency in Data Envelopment Analysis,” European Journal of Operational Research 130:498-509.

Tone, K. (2002),” A slacks-based measure of super-efficiency in data envelopment analysis”, European Journal of Operational Research 143:32–41.

Tone, K. (2004), “Malmquist Productivity Index: Efficiency Change Over Time,” In: Cooper, w.w., Seiford, L.M., J.(Eds), Handbook on Data Envelopment Analysis, Ktuwer Academic Publishers. Dordrecht (chapter8).
Tung, A. C. (2001), “Taiwan’s Semiconductor Industry: What the State Did and Did Not,” Review of Development Economics”, Blackwell Publishing 5:266-288.
Improving





Productivity change 





Case I





Case II





Deteriorating





Case IV





Case III





Worse cotemporary efficiency





Better cotemporary efficiency (super SBM)








4

_1427898401.unknown

_1427898409.unknown

_1427898413.unknown

_1427898417.unknown

_1427898422.unknown

_1427898424.unknown

_1427898425.unknown

_1427898426.unknown

_1427898423.unknown

_1427898420.unknown

_1427898421.unknown

_1427898418.unknown

_1427898415.unknown

_1427898416.unknown

_1427898414.unknown

_1427898411.unknown

_1427898412.unknown

_1427898410.unknown

_1427898405.unknown

_1427898407.unknown

_1427898408.unknown

_1427898406.unknown

_1427898403.unknown

_1427898404.unknown

_1427898402.unknown

_1427898397.unknown

_1427898399.unknown

_1427898400.unknown

_1427898398.unknown

_1427898395.unknown

_1427898396.unknown

_1427898394.unknown

