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摘要

本研究以 985 筆台灣科技業公司為樣本，並且使用企業投資指標作為指數加

權基礎，探討以有形和無形資產投資規模進行基本面指數化的績效表現與可行性。

我們發現即使在考慮了價值風險和規模風險之後，以研究發展費用相關指標建構

的基本面指數仍可以產生超額報酬。此外，研究結果顯示部分的基本面指數具有

市場擇時能力，能避免投資組合績效受到價格不效率的影響。在對樣本進行流動

性的篩選以及考慮投資組合的交易成本之後，我們仍得到一樣的結果。

關鍵字：基本面指數化、企業投資、投資組合績效

Abstract

We employ 985 companies in technology industry in Taiwan to examine the 

performance and feasibility of the fundamental indices constructed by corporate 

investment metrics (including both tangible and intangible investment). We find that 

the fundamental indices constructed by R&D expenditure-related metrics generate 

significant Fama-French alpha. Besides, evidence shows that parts of the fundamental 

indices have market timing ability to prevent performance dragged by price inefficiency. 

We draw a same conclusion after weeding out the companies with low liquidity and 

adjusting for transaction costs.

Keywords: Fundamental Indexation, Corporate Investment, Portfolio Performance
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1. Introduction

Nowadays, passive funds continually beat active funds in terms of average return, 

growth rate and fund flow. Tracing back to the 1960s and 1970s, actively managed 

funds were ever able to produce superior returns, but things have changed. Over the 

past 10 years, 83 percent of active funds in the US failed to beat their relative 

benchmarks; 40 percent are completely terminated in 10 years since commencement 

and 64 percent of funds drift away from their original style of investing. Besides, only 

31 percent of actively managed funds beat their benchmarks during 2016. On the other 

hand, passive funds have exploded in popularity among investors and portfolio 

managers in recent years due to the more persistent outperformance with lower annual 

expense, which drives the increase of fund inflows. As of 2016, the share of passively 

managed funds in the US was about 30 percent, which exceed twice of that in 2005. In 

addition, Moody’s Investor Service even estimates that passive market share will 

surpass active market share between 2021 and 2024. The idea that investment managers 

cannot beat the index has gradually become an investing truism. According to the 

modern portfolio theory of Markowitz (1952), market portfolio is the most mean-

variance optimal portfolio that should be held by a passive investor. In practice, this 

market portfolio is proxied by capitalization-weighted indices (e.g. S&P 500, Russell 

1000). However, many academic papers reject the idea that capitalization-weighted 

indices are good CAPM market proxies, Roll (1977) argued that the method used to test 

CAPM is incorrect.

The factor-based investing strategies, also labeled “smart beta” or “strategic beta”, 

are growing fast recently. Most factor-based strategies are based on a twist of a 

mainstream passive index. Factor-based investors are required to choose securities 

according to specific return drivers; and commonly reviewed factors include style, size 
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and risk. The factor-based investing strategies are neither active nor passive. In fact, 

they belong to the third way of investing, which is a combination of the two. They have 

some of the features of passive investing, such as low expense ratio and investing 

systematically. They also have some of the features of active management, such as 

aiming to outperform the capitalization-weighted indices. Kahn and Lemmon (2016) 

suggested that factor-based investing strategies represent a disruptive innovation in the 

asset management industry.

Long before the name “smart beta” gained wide recognition, fundamental 

indexation is one of the first-generation smart-beta strategies, which is arguably 

pioneered by Arnott, Hsu, and Moore (2005). This strategy is based on a revolutionary 

new paradigm in which market prices of stocks deviate from their fair values. The new 

paradigm “noisy market hypothesis” is introduced by Siegel (2006), which is said to be 

in opposition to the efficiency market hypothesis of Malkiel and Fama (1970). Stocks 

in fundamental indices are weighted by selected economic fundamental factors, 

especially accounting figures, to avoid the performance drag resulted from price noises. 

The economy-centric view of this strategy is consistent with that of Graham and Dodd’s: 

markets are constantly seeking for fair value and the prices are rarely right. The pioneer 

of fundamental indexation, Rob Arnott, is the chairman and chief executive officer of 

Research Affiliates. In 2005, Research Affiliates introduced Research Affiliates 

Fundamental Index (RAFI), in which the stocks are weighted by sales, cash flow, 

dividend or book value. As of June 2017, approximately US$144 billion are tracking 

RAFI strategies.

Arnott et al. (2005) found that the risk-adjusted performance of fundamental 

indices significantly outperformed those of capitalization-weighted indices in the US. 

Also, Walkshäusl and Lobe (2010) showed a similar result by constructing a global 
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fundamental index that covered 50 countries in the world. In previous studies, the 

superior return of this price-indifferent weighting method was not only the result of 

price inefficiency, but also a greater value-tilt, which could be partly attributed to the 

fact that fundamental indexation deemphasizes growth stocks. As value stocks 

outperformed during past decade, Asness (2006), Blitz and Swinkels (2008), 

McQuarrie (2008) and Jun and Malkiel (2008) doubted that the excess return of 

fundamental indexation might not be attributed a better representative of market 

portfolio, but simply an alternative form of value strategy. Kaplan (2008) criticized that 

fundamental indexation ignores the P/E difference between companies, resulting in the 

underweight on young and fast-growing companies.

To take growth opportunities into account, we introduce corporate investment 

metrics as the alternatives, to measure the fundamental value while still retaining the 

ability to eliminate price noises. We categorize corporate investment into tangibles and 

intangibles. For tangible investment metrics, we introduce (1) capital expenditure 

(Titman, Wei, and Xie, 2004) and (2) growth capital expenditure to gauge the value of 

physical investment spending; for intangible investment metrics, we introduce (3) 

selling, general and administrative expenditure (Banker, Huang, Natarajan, and Zhao, 

2015), (4) capital stock of selling, general and administrative expenditure (Hulten and 

Hao, 2008; Eisfeldt and Papanikolaou, 2014; Peters and Taylor, 2017), (5) research and 

development expenditure (Woolridge, 1988; Chan, Martin, and Kensinger, 1990; Lev 

and Sougiannis, 1996; Chan, Lakonishok and Sougiannis, 2001; Eberhart, Maxwell, 

and Siddique, 2004), (6) capital stock of research and development (Lev and Sougiannis, 

1996; Chan et al., 2001; Lev, 2004; Heeley, King, and Covin, 2006), (7) number of 

patent application and (8) number of patent issuance (Deng, Lev, and Narin, 1999; 

Mann, 2015) to gauge the value of intangible investment spending. In the second part, 
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we take the size into account in order to investigate the possibility to enhance the 

portfolio return. We scale the above-mentioned metrics by their corresponding deflators 

and introduce another intangible investment metric, return on tangible assets (Clausen 

and Hirth, 2016).

Different from previous studies which mostly constructed fundamental indices by 

profitability metrics, we put the emphasis on corporate investment to investigate 

whether tangible or intangible investment is positively correlated to stock performance. 

Our data consists of listed and OTC companies in technology sector in Taiwan, 

including both dead and live; thus, we are free from survivorship bias. Since corporate 

investment (including both tangibles and intangibles) is regarded as a crucial indicator 

of future growth for technology companies, the value of above-mentioned corporate 

investment metrics should represent well for the companies’ economic size. Besides, 

technology industry, which can be categorized into eight sub-industries (Semiconductor, 

Computer & Periphera, Optoelectronic, Communication & Internet, Electronic Parts & 

Components, Electronic Products Distribution, Information Service, Other Electronic), 

account for over 50% of total market capitalization and widely cover most of the 

important industrial chains in Taiwan. Therefore, they should have better efficiency and 

liquidity given they get the most attention from both institutional and individual 

investors.

We find that on average, constructing the indices by corporate investmnet metrics 

rather than profitability metrics do not produce better results in contrast to the 

capitalization-weighted reference portfolio. However, some indices we proposed (RD, 

RD_SALES, RDC_TA, ROTA) and those introduced before (SALES, NP, DIV) indeed 

generate significant and positive FF-3 alpha, the result is consistent with previous 

finding that the superior return of fundamental indices could not be fully explained by 
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value and size risk premiums. Besides, we contribute to the existing market efficiency 

research on supporting noisy market hypothesis, by finding that part of fundamental 

indices have limited market timing ability on market or size risk premiums. In addition, 

there are no previous studies constructed the fundamental indices using corporate 

investment metrics; in this study, we introduce new metrics that widely cover the scope 

of corporate investment, including two metrics for physical investment and seven 

metrics for intangible investment.

The remainder of this study is organized as follows. Section 2 reviews previous 

literature and hypotheses developed. Section 3 describes the data and methodology used 

in this study. Section 4 is the main empirical results. Section 5 is the robustness check. 

Section 6 provides the conclusion.

2. Literature Review and Hypothesis Development

2.1. Related Papers of Fundamental Indexation

Fundamental indexation, which is one type of the so-called “smart-beta” strategies, 

was first pioneered by Arnott et al. (2005). The core concept behind this strategy is to 

explore price inefficiency.

According to the best-know capital asset pricing model which introduced by 

Treynor (1961), Sharpe (1964), Lintner (1965) and Mossin (1966), market portfolio is 

the most mean-variance optimal as it has the highest risk-adjusted return. This implies 

what a passive investor needs to do is just hold a combination of market portfolio and 

risk-free asset. In practice, such a market portfolio is unobservable, people usually take 

capitalization-weighted indices (e.g., S&P 500, Russell 1000) as proxy. However, many 

academic papers rejected the idea that capitalization-weighted indices are good CAPM 
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market proxies, Roll (1977) argued that the method used to test CAPM is incorrect and 

in fact, it is impossible to test the model because the true market portfolio is unknown. 

In other words, capitalization-weighted indices might not be the most mean-variance 

optimal portfolio and it is possible to find a better one.

As an alternative strategy to take place of traditional capitalization-weighted 

scheme, the difference between the two is that, instead of weighting stocks by their 

market capitalization, fundamental indexation weights stocks by one of or a composite 

of economic metrics (also called “Main Street” factors).

Based on the noisy market hypothesis of Siegel (2006), the fundamental indices 

are “price noise resistant” in contrast to the traditional capitalization-weighted indices. 

The noisy market hypothesis goes like this: assume that the market errs in its pricing of 

individual stocks but the pricing errors occur randomly, so some stocks are overvalued 

while some stocks are undervalued. It is quite difficult to trade away the idiosyncratic 

noise in prices, as we don’t know whether an individual stock is currently being 

overvalued or undervalued. However, if there exists any price deviation from the “fair 

value”, it consequently results in performance drag from overweighting all currently 

overvalued stocks and underweighting all currently undervalued stocks under the 

capitalization-weighted scheme. By contrast, weighting stocks by fundamental metrics 

will not be influenced by the price noises as the correlations between economic metrics 

and stock prices are not perfect. This prevents the fundamental indices from price 

bubbles and crashes, resulting in higher return but lower volatility.

Arnott et al. (2005) constructed the fundamental indices using the data of U.S. 

listed companies with a 43-year sample period from 1962 to 2004. The indices 

construction process is ranking all companies by each metric and selecting the top 1000 

largest by each metric. Introduced metrics include book value, cash flow, revenue, gross 
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sales, gross dividends, total employment, also a composite that equally weighted four 

of the fundamental metrics of size (book value, cash flow, gross sales, gross dividends). 

Over the 43-year span, evidence showed that the return produced by fundamental 

indices were averagely 1.97 ppts higher than S&P 500 and 2.15 ppts higher than the 

reference portfolio. The average Sharpe ratio of fundamental indices was 0.44, which 

also surpassed the S&P 500 of 0.32 and the reference portfolio of 0.30. In sum, 

fundamental indices beat the capitalization-weighted indices in terms of both absolute 

returns and risk-adjusted returns.

This superior result seems to be consistent with the noisy market hypothesis of 

Siegel (2006) in that fundamental indices are more efficient than capitalization-

weighted indices. Besides, Hsu and Campollo (2010) also noted that if the market is 

efficient, the fundamental indexing should keep pace with capitalization-weighted 

indexing. The divergence between the two indicates that price inefficiency exists.

Skeptics argued that whilst fundamental indexation outperforms when 

benchmarked with regard to the traditional capital asset pricing model (CAPM), it does 

not with regard to the Fama-French three-factor model. Asness (2006) indicated that 

fundamental indexation is nothing more than value investing in a different guise; Blitz 

and Swinkels (2008), McQuarrie (2008) and Jun and Malkiel (2008) confirmed that 

fundamental indexation has additional risk premiums for high book-to-market ratio and 

small-firm stocks; thus, it is arguable to interpret the superior return of fundamental 

indexation as a repackaging of the known “value” and “size” effect. Besides, Perold 

(2007) criticized that there is a flaw in the logic of fundamental indexation, which is 

that the strategy implicitly supposes investors do know the true fair value, so they find 

a performance “drag” resulted from the price deviation. However, they don’t. Kaplan 

(2008) doubted that fundamental indexation ignores the P/E difference among 
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companies. If the measure is earnings, this assumes that all companies should sell at the 

same price-to-earning ratio (P/E), while the companies sell at different P/E ratios in the 

real world. In other words, the difference in risk and growth opportunity of different 

companies are ignored. Chen, Dempsey, and Lajbcygier (2015) used almost 50 years 

of Dow Jones Industrial Average index and Russell 1000 index return and concluded 

that no evidence of overall positive abnormal performance after the value and size risk 

factors are considered. In contrast, proponents argued that fundamental indexation is 

indeed workable even though the effect of the Fama-French risk factors are took into 

account. Balatti, Brooks, and Kappou (2017) developed alternative measures that 

revolve solely around income statement and dividend measures and proved that 

fundamental-weighted indices outperforms capitalization-weighted index on both 

absolute and risk-adjusted basis. 

However, the P/E differences between companies are still ignored. As previous 

studies mostly use earnings to construct the indices and has mainly focus on 

profitability metrics, none of these metrics capture future growth opportunities. 

Therefore, this study focuses on those corporate investment metrics which take growth 

opportunities into account. We define corporate investment as the investment spending 

on tangible or intangible assets, metrics of tangible investment include (1) capital 

expenditure (Titman et al., 2004) and (2) growth capital expenditure; we focus more on 

intangible investment given Corrado, Hulten, and Sichel (2009) stated that only 8 

percent of economic growth can be attributed to the traditional “brick-and-mortar” 

capital investment. Metrics of intangible investment include (1) selling, general and 

administrative expenditure (Banker et al., 2015), (2) capital stock of selling, general 

and administrative expenditure (Hulten and Hao, 2008; Eisfeldt and Papanikolaou, 

2014; Peters and Taylor, 2017), (3) research and development expenditure (Woolridge, 
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1988; Chan et al., 1990; Lev and Sougiannis, 1996; Chan et al., 2001; Eberhart et al., 

2004), (4) capital stock of research and development expenditure (Lev and Sougiannis, 

1996; Chan et al., 2001; Lev, 2004; Heeley et al., 2006), (5) number of patent 

application and (6) number of patent issuance (Deng et al., 1999; Mann, 2015).

Hypothesis 1: Fundamental indices constructed by corporate investment metrics 

beat the reference portfolio in terms of risk-adjusted return

Hughen and Strauss (2017) showed that portfolio allocation using profit ratios 

generates superior performance substantially better than a buy-and-hold benchmark or 

market benchmark. Therefore, we also propose to introduce ratio metrics, which are 

obtained by deflating the size metrics above with corresponding deflator, to examine 

the risk-return profile of fundamental indices at the scaled level. Other than the above-

mentioned metrics, we follow Clausen and Hirth (2016) to introduce another 

intangibility metric, return on tangible assets (ROTA). Clausen and Hirth (2016) found 

that the changes in market capitalization are positively related to R&D expenses and 

this intangibility metric they introduced. We follow their new earning-based 

intangibility metric, which is aiming to capture the productivity of existing intangibles.

2.2. Related Papers of Fundamental Indices’ Market Timing Ability

As discussed in the introduction, fundamental indices have the advantage to avoid 

price bubbles and crashes compared to the traditional capitalization-weighted indices. 

Thus, even if fundamental indices don’t generate significant and positive FF-3 alpha, it 

still may generate enhanced return through their market timing ability. To investigate 

whether the loadings are effective in timing the market, Chen et al. (2015) extended the 

Henriksson and Merton (1981) model from the traditional CAPM to the Fama–French 

three-factor model and showed evidence that fundamental indices have limited market 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

10

timing ability, the result is consistent with that the economic weighting scheme can 

avoid price noises. To examine whether the metrics we proposed generate similar 

results, we followed Chen et al. (2015) and developed hypothesis 2.

Hypothesis 2: Fundamental indices have market timing ability with regard to (1) 

market risk factor, (2) value risk factor and (3) size risk factor

3. Methodology and Sample

3.1. Sample Description

The investment universe comprises all listed and OTC companies in technology 

industry in Taiwan from 2001-2016, including both dead and live companies; thus, our 

result are free from survivorship bias. The data is taken from Taiwan Economic Journal 

database, criteria for the samples is belonging to one of the following eight sub-

industries in technology industry: (1) Semiconductor, (2) Computer & Periphera, (3) 

Optoelectronic, (4) Communication & Internet, (5) Electronic Parts & Components, (6) 

Electronic Products Distribution, (7) Information Service, (8) Other Electronic. This 

process leaves a final sample of 985 companies. Table 1 shows the distribution of live 

companies by sub-industry and year.

The reason we select technology companies as our sample is that we consider 

corporate investment is more material in technology industry than non-technology 

industry. Table 2 reports the industry characteristics during 2001-2016, Panel A shows 

the characteristics of tech and non-tech industries; Panel B shows the characteristics of 

sub-industries of tech industry. To prevent the mean from distortion by the extremes, 

we used the 5% trimmed mean which is obtained by discarding the 5% lowest and 

highest observations. Compared to non-technology industry, technology industry has 
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higher revenue growth, capex-to-sales ratio and R&D-to-sales ratio in terms of both 

mean and median, which indicates that technology industry relies more heavily on 

corporate investment. Among the sub-industries, Semiconductor, Optoelectronic and 

Electronic Parts & Components are more tangible intensive in terms of capex-to-sales 

ratio and fixed asset-to-sales ratio; Semiconductor, Communication & Internet and 

Information Service are more intangible intensive in terms of SG&A-to-sales ratio and 

R&D-to-sales ratio.

Monthly stock prices and annual accounting data (fundamentals) are provided by 

Taiwan Economic Journal database. We employ annual accounting data as the financial 

data in Taiwan Economic Journal is not always available on the quarterly basis for the 

earliest years of our study. The number of patent application and number of patent 

issuance are obtained from Taiwan Intellectual Property Office (TIPO).

3.2. Fundamental Indices: Construction

To begin with, we review the relation between fundamental indices and 

capitalization-weighted indices. For fundamental indices, a stock’s weight is equal to 

the stock’s fundamental value dividing by the sum of all fundamental values for stocks 

in the portfolio.

𝑊𝑊𝐹𝐹,𝑖𝑖 =
𝐹𝐹𝑖𝑖

∑ 𝐹𝐹𝑖𝑖𝑁𝑁
𝑖𝑖=1

The return contribution of individual stocks to fundamental index is equal to the 

stock weight multiply by the corresponding stock return; therefore, the return of the 

fundamental index is equal to the sum of the return of all individual stocks.

𝑅𝑅𝐹𝐹,𝑖𝑖 = �
𝐹𝐹𝑖𝑖

∑ 𝐹𝐹𝑖𝑖𝑁𝑁
𝑖𝑖=1

 ×  𝑅𝑅𝑖𝑖

𝑁𝑁

𝑖𝑖=1
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In contrast, capitalization-weighted weight is equal to stock’s market 

capitalization dividing by the sum of all market capitalization for stocks in the portfolio.

𝑊𝑊𝑀𝑀,𝑖𝑖 =
𝑀𝑀𝑖𝑖

∑ 𝑀𝑀𝑖𝑖
𝑁𝑁
𝑖𝑖=1

The return contribution of individual stocks to capitalization-weighted index is 

equal to the stock weight multiply by the corresponding stock return. Thus, the return 

of the capitalization-weighted index is equal to the sum of the return of all individual 

stocks.

𝑅𝑅𝑀𝑀,𝑖𝑖 = �
𝑀𝑀𝑖𝑖

∑ 𝑀𝑀𝑖𝑖
𝑁𝑁
𝑖𝑖=1

 ×  𝑅𝑅𝑖𝑖

𝑁𝑁

𝑖𝑖=1

To construct an index, we rank all companies by each metric, then select the 100 

largest by each metric. Next, we categorize the corporate investment metrics into size 

metrics and ratio metrics. For size metrics, the selected 100 largest companies are 

weighted by their fundamental values relative to the sum of all fundamental values in 

the portfolio; for ratio metrics, we rank all companies by each metrics and selected the 

100 largest by each metric as well. However, as the absolute values of ratio metrics are 

noisy metrics, we follow Clausen and Hirth (2016) that replacing the absolute values 

with relative ranks. For example, assign 100 to the first largest, 99 to the second largest, 

etc. Next, dividing each rank by the sum of all ranks in the portfolio.

Stock’s weight when using size metrics:

𝑊𝑊𝐹𝐹,𝑖𝑖 =
𝐹𝐹𝑖𝑖

∑ 𝐹𝐹𝑖𝑖𝑁𝑁
𝑖𝑖=1

Stock’s weight when using ratio metrics:

𝑊𝑊𝐹𝐹,𝑖𝑖 =
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖

∑ 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑁𝑁
𝑖𝑖=1
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The exceptions are the patent-related metrics, which we select the 50 largest 

instead of 100 given Taiwan Intellectual Property Office (TIPO) only publishes top 100 

companies, while not all of them are listed or OTC technology companies. Besides, we 

construct a reference portfolio based on market capitalization using the same method 

stated above and an equal weight portfolio for purely benchmark purpose.

Arnott et al. (2005) indicated in their study that rebalancing portfolio on a monthly, 

quarterly, and semiannual basis does not generate a more appreciable return advantage 

but an increased index turnover; thus, we follow Arnott et al. (2005) that rebalancing 

the portfolios on an annual basis and the rebalance date is set at the end of March, which 

is the stipulated deadline for company annual report in Taiwan.

3.3. Corporate Investment Metrics

3.3.1. Size Metrics

We use two metrics of tangible investment, including (1) capital expenditure and 

(2) growth capital expenditure; six metrics of intangible investment, including (3) 

selling, general and administrative expenditure, (4) capital stock of selling, general and 

administrative expenditure, (5) research and development expenditure, (6) capital stock 

of research and development expenditure, (7) number of patent application and (8) 

number of patent issuance, to construct fundamental indices

(1) Capital Expenditure (CAPEX)

Capital expenditure measures the investment in property, plant, equipment. 

Previous studies (e.g. Abarbanell and Bushee, 1998; Titman, Wei, and Xie, 2004; 

Li, 2004) found that capital expenditure is negatively associated with stock return. 

However, there are a number of reasons why increased investment expenditures 

should be viewed favorably. First, higher investment expenditures are likely to be 
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associated with greater investment opportunities. Second, higher investment 

expenditures may also indicate that the capital markets, which provide financing for 

the investments, have greater confidence in the firm and its management.

(2) Growth Capital Expenditure (GCAPEX)

Capital expenditure generally take two forms: (a) maintenance capital 

expenditure, whereby the company purchases assets that extend the useful life of 

existing assets, and (b) growth capital expenditure, whereby the company purchases 

new assets in an effort to grow the business. The latter is more relevant to 

company’s future growth, here we apply the general method, which assume that 

growth capital expenditure equals to the five-years average PP&E-to-sales ratio 

multiply by the change in sales. GCAPEX is calculated by following equation:

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =  
5 − 𝑦𝑦𝑦𝑦𝑅𝑅𝑦𝑦 𝑅𝑅𝑎𝑎𝑦𝑦𝑦𝑦𝑅𝑅𝑎𝑎𝑦𝑦 𝐺𝐺𝐺𝐺&𝐺𝐺
5 − 𝑦𝑦𝑦𝑦𝑅𝑅𝑦𝑦 𝑅𝑅𝑎𝑎𝑦𝑦𝑦𝑦𝑅𝑅𝑎𝑎𝑦𝑦 𝑆𝑆𝑅𝑅𝑆𝑆𝑦𝑦𝑆𝑆

 ×  ∆ 𝑆𝑆𝑅𝑅𝑆𝑆𝑦𝑦𝑆𝑆

(3) Selling, General and Administrative Expenditure (SGA)

Apart from R&D expenditure, prior studies suggest that SG&A expenditure 

creates intangible asset value. Advertising to build brand capital is selling expense 

within SG&A, employee training to build human capital is general or administrative 

expenditure within SG&A. We follow Hulten and Hao (2008), Eisfeldt and 

Papanikolaou (2014), Peters and Taylor (2017) in counting 30% of SG&A spending 

as intangible investment.

(4) Capital Stock of Selling, General and Administrative Expenditure (SGAC)

As SG&A expenditure fail to account for intangible assets (process, brand, 

human capital) that have been established throughout the life of the firm. We follow 

Peters and Taylor (2017) that calculating SG&A capital stock as a sum of past 
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SG&A expenditures, and applying perpetual inventory method in the process. 

SGAC is calculated by following equation:

𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡  = (1 − 𝛿𝛿)𝑡𝑡−1𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺0  +  �(1 − 𝛿𝛿)𝑖𝑖 𝑆𝑆𝐺𝐺𝐺𝐺𝑡𝑡−(𝑖𝑖+1)

𝑡𝑡−1

𝑖𝑖=0

where 𝛿𝛿 is the deprecation rate, 𝐼𝐼𝑡𝑡 is the SG&A expenditure in period t, 𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺0 

is the estimated initial stock of SG&A capital, which is calculated by:

𝑆𝑆𝐺𝐺𝐺𝐺𝐺𝐺0 =  
𝑆𝑆𝐺𝐺𝐺𝐺0
𝑎𝑎 + 𝛿𝛿

where 𝑆𝑆𝐺𝐺𝐺𝐺0  is the SG&A expenditure in period 0, 𝑎𝑎  is the trailing 5-year 

geometric SG&A growth rate, 𝛿𝛿 is the deprecation rate.

(5) Research and Development Expenditure (RD)

R&D expenditure proxies for spending on new intangibles including 

knowledge, patent, and software.

(6) Capital Stock of Research and Development Expenditure (RDC)

As R&D expenditure fail to account for intangible assets (knowledge, patent, 

software) that have been established throughout the life of the firm. We follow Lev 

and Sougiannis (1996), Chan et al. (2001), Lev (2004), Heeley et al. (2006) that 

including longer lags of R&D expenditure to solve the problem. R&D stock is 

calculated as the sum of past R&D expenditures. We follow Chan et al. (2001) that 

adopting the following tractable approximation of the stock of R&D capital (RDC) 

and applying a 0.2 depreciation rate to the R&D expenditures in the past years.

𝑅𝑅𝑅𝑅𝐺𝐺𝑖𝑖𝑡𝑡 =  𝑅𝑅𝑅𝑅𝑖𝑖𝑡𝑡 + 0.8 × 𝑅𝑅𝑅𝑅𝑖𝑖𝑡𝑡−1 + 0.6 × 𝑅𝑅𝑅𝑅𝑖𝑖𝑡𝑡−2 + 0.4 × 𝑅𝑅𝑅𝑅𝑖𝑖𝑡𝑡−3 + 0.2 × 𝑅𝑅𝑅𝑅𝑖𝑖𝑡𝑡−4
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(7) Patent Application (PA)

Patent application is an indicator of successful R&D in the past.

(8) Patent Issuance (PI)

Patent issuance is an indicator of successful R&D in the past.

3.3.2. Ratio Metrics

Aside from the size metrics, the second group of fundamental indices are 

constructed by the ratio metrics. The ratio metrics are calculated by scaling the size 

metrics by their corresponding deflators. For instance, (1) capital expenditure, (2) 

growth capital expenditure, (3) selling, general and administrative expenditure and (5) 

research and development expenditure are scaled by total revenue; (4) capital stock of 

selling, general and administrative expenditure and (6) capital stock of research and 

development expenditure are scaled by total assets; (7) number of patent application 

and (8) number of patent issuance are scaled by research and development expenditure. 

Beside, we follow Clausen and Hirth (2016) that introducing (9) return on tangible 

assets as another metric of intangible intensity. 

(1) Capital Expenditure to Sales Ratio (CAPEX_SALES)

CAPEX_SALES is capital expenditure divided by total revenue, which 

measures the investment in property, plant, equipment per revenue. The ratio shows 

how aggressively the company is re-investing its revenue back into productive 

assets.

(2) Growth Capital Expenditure to Sales Ratio (GCAPEX_SALES)

GCAPEX_SALES is similar to CAPEX_SALES, except that the numerator is 

replaced by growth capital expenditure.
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(3) Selling, General and Administrative Expenditure to Sales Ratio (SGA_SALES)

SGA_SALES measures the intangible investment on process efficiency, brand 

awareness and human capital per revenue.

(4) Capital Stock of Selling, General and Administrative Expenditure to Total Asset 

Ratio (SGAC_TA)

SGAC_TA measures the capital stock of SG&A expenditure per total asset.

(5) Research and Development Expenditure to Sales Ratio (RD_SALES)

RD_SALES measures the intangible investment on knowledge, patent and 

software per revenue.

(6) Capital Stock of Research and Development Expenditure to Total Asset Ratio 

(RDC_TA)

RDC_TA measures the capital stock of R&D expenditure per total asset.

(7) Patent Application to Research and Development Expenditure Ratio (PA_RD)

PA_RD measures the innovation efficiency.

(8) Patent Issuance to Research and Development Expenditure Ratio (PI_RD)

PI_RD measures the innovation efficiency.

(9) Return on Tangible Assets (ROTA)

We follow Clausen and Hirth (2016) that introducing return on tangible assets 

(ROTA) as another metric of intangible intensity. ROTA shows how well a firm 

does in terms of earnings before interest, taxes, depreciation, and amortization 

(EBITDA) per tangible asset. A high return on tangible assets may indicates that the 
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firms are most likely to use the most efficient processes, a highly skilled workforce, 

efficient computer systems, have a well-established brand name and reputation. We 

assume that firms with higher return on tangible assets are more intangible intensive.

3.4. Performance Measurement

The excess return of a fundamental index relative to capitalization index is thus 

equal to the sum of the difference between the stock weights multiply by the stock 

returns.

𝐺𝐺𝐸𝐸𝐸𝐸𝑦𝑦𝑆𝑆𝑆𝑆 𝑅𝑅𝑦𝑦𝑅𝑅𝑅𝑅𝑦𝑦𝑅𝑅 = 𝑅𝑅𝐹𝐹,𝑖𝑖  −  𝑅𝑅𝑀𝑀,𝑖𝑖 = ��
𝐹𝐹𝑖𝑖

∑ 𝐹𝐹𝑖𝑖𝑁𝑁
𝑖𝑖=1

 −  
𝑀𝑀𝑖𝑖

∑ 𝑀𝑀𝑖𝑖
𝑁𝑁
𝑖𝑖=1

�  ×  𝑅𝑅𝑖𝑖

𝑁𝑁

𝑖𝑖=1

To examine whether the fundamental indices generate alpha or not, the portfolio 

returns are regressed on capital asset pricing model (CAPM) and Fama-French three-

factor model (FF3). The market proxy for these factors is the Taiwan Stock Exchange 

Weighted Index (TWSE) and the risk-free rate proxy is average three-month deposit 

rate obtained from Big Five Banks.

The capital asset pricing model (CAPM):

𝐺𝐺(𝑅𝑅𝑖𝑖𝑡𝑡) −  𝑅𝑅𝑓𝑓𝑡𝑡  =  𝛽𝛽𝑖𝑖 �𝐺𝐺(𝑅𝑅𝑚𝑚𝑡𝑡)  − 𝑅𝑅𝑓𝑓𝑡𝑡�

The Fama-French three-factor model (FF3):

𝐺𝐺(𝑅𝑅𝑖𝑖𝑡𝑡) −  𝑅𝑅𝑓𝑓𝑡𝑡  =  𝑏𝑏𝑖𝑖 �𝐺𝐺(𝑅𝑅𝑚𝑚𝑡𝑡)  − 𝑅𝑅𝑓𝑓𝑡𝑡�  +  𝑆𝑆𝑖𝑖 𝐺𝐺(𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡)  +  ℎ𝑖𝑖 𝐺𝐺(𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡)

where �𝐺𝐺(𝑅𝑅𝑚𝑚𝑡𝑡)  − 𝑅𝑅𝑓𝑓𝑡𝑡� is the excess return on broad market portfolio, 𝐺𝐺(𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡) is 

the difference between the return on a portfolio of small-firm stocks and that on a 

portfolio of large-firm stocks, and 𝐺𝐺(𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡) is the difference between the return on a 

portfolio of high book-to-market stocks and that on a portfolio of the low book-to-

market stocks. 𝑏𝑏𝑖𝑖 , 𝑆𝑆𝑖𝑖  and ℎ𝑖𝑖  are the slopes in the time series regression, which 
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represent the factor sensitivities.

𝑅𝑅𝑖𝑖𝑡𝑡  −  𝑅𝑅𝑓𝑓𝑡𝑡  =  𝛼𝛼𝑖𝑖  +  𝑏𝑏𝑖𝑖 (𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡)  +  𝑆𝑆𝑖𝑖 𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡  +  ℎ𝑖𝑖 𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡  +  𝜀𝜀𝑖𝑖𝑡𝑡

where the intercept 𝛼𝛼𝑖𝑖 measures the excess return, which is unexplained by the factors 

𝑏𝑏𝑖𝑖, 𝑆𝑆𝑖𝑖, and ℎ𝑖𝑖.

Furthermore, we followed Chen et al. (2015) that extending the Henriksson and 

Merton (1981) model to examine the market timing ability of the fundamental indices 

from the traditional CAPM,

𝑅𝑅𝑖𝑖𝑡𝑡  −  𝑅𝑅𝑓𝑓𝑡𝑡  =  𝛼𝛼𝑖𝑖  +  𝛽𝛽𝑖𝑖 �𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡�  +  𝛽𝛽𝑖𝑖′ [𝑅𝑅𝛽𝛽  �𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡�]  +  𝜀𝜀𝑖𝑖𝑡𝑡

to the Fama-French three-factor model,

𝑅𝑅𝑖𝑖𝑡𝑡  −  𝑅𝑅𝑓𝑓𝑡𝑡  =  𝛼𝛼𝑖𝑖  +  𝑏𝑏𝑖𝑖 �𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡�  +  𝑏𝑏𝑖𝑖′ �𝑅𝑅𝑏𝑏 �𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡��  +  𝑆𝑆𝑖𝑖 𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡  

+  𝑆𝑆𝑖𝑖′ [𝑅𝑅𝑠𝑠 (𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡)]  + ℎ𝑖𝑖 𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡  +  ℎ𝑖𝑖′ [𝑅𝑅ℎ (𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡)]  +  𝜀𝜀𝑖𝑖𝑡𝑡

where 𝑅𝑅𝑏𝑏, 𝑅𝑅𝑠𝑠 and 𝑅𝑅ℎ are dummy variables equal to 0 if the accompanied variable 

(market risk premium 𝑅𝑅𝑚𝑚𝑡𝑡  − 𝑅𝑅𝑓𝑓𝑡𝑡, value premium 𝑆𝑆𝑀𝑀𝑆𝑆𝑡𝑡, or size premium 𝐻𝐻𝑀𝑀𝐻𝐻𝑡𝑡) is 

positive, and -1 otherwise. If the coefficients 𝑏𝑏𝑖𝑖′, 𝑆𝑆𝑖𝑖′ and ℎ𝑖𝑖′ are significant positive, 

this implies the market timing ability regarding to the corresponding risk premium.

4. Empirical Results

To simplify introduction, we display the results into two panels from Table 5 on. 

Panel A shows the characteristics of the indices constructed by size metrics, Panel B 

shows the characteristics of the indices constructed by ratio metrics.

4.1. Descriptive Statistics

In Table 3, the correlation coefficients between the size metrics are presented, the 
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highest correlation coefficient with market capitalization 0.84 goes to capital 

expenditure, and the lowest correlation coefficient with market capitalization 0.26 goes 

to cash dividend.

Table 4 shows the time-aggregated summary statistics of the constituents’ weights 

for each of the constructed indices over the 16-year sample. In Panel A, the maximum 

weight varies from 13.31% of RDC index, to 44.99% of GCAPEX index. However, by 

removing the 5% tails from the weights distribution in each index, figures are more 

clustered as the extreme weights could be rare occurrence. In Panel B, all of the 

fundamental indices have the same weight characteristics as the weights are decided by 

the ranks rather than the absolute values.

4.2. Return and Performance Characteristics

Table 5 reports the return characteristics of the fundamental indices, the reference 

portfolio and the equal weight portfolio for the 16 years from 2001-2016. The historical 

portfolio return were not adjusted for transaction cost associated with maintaining the 

strategies.

In Panel A, compared to the reference portfolio, SGA and SGAC indices have 

higher absolute returns and similar volatilities, while the excess returns are insignificant, 

other indices have not only lower absolute returns but higher volatilities. Therefore, 

none of these indices is superior to the reference portfolio in terms of risk-adjusted basis. 

On average, the average return of fundamental indices is 1.38 ppts lower than the 

reference portfolio and 1.36 ppts higher than the equal weight portfolio. Among the 

metrics introduced in Arnott et al. (2005), compared to the reference portfolio, NP index 

has higher absolute return and lower volatility, and the excess return is significant, 

SALES and DIV indices have higher absolute returns and similar volatilities, but the 
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excess returns are insignificant.

In Panel B, compared to the reference portfolio, SGAC_TA, RD_SALES and 

RDC_TA indices have higher absolute returns and higher volatilities, while the excess 

returns are insignificant; ROTA index has higher absolute return and volatility, and the 

excess return is significant.

4.3. Liquidity and Turnover Characteristics

We examine the portfolio liquidity and diversification in terms of cap ratio, 

concentration ratio, annual weighted trading amount and turnover. Cap ratio is a 

measure of investment capacity and is defined as the weighted average capitalization 

of the index to that of the reference portfolio. Concentration ratio is defined as the 

fraction of total index capitalization that belonged to the top 10 stocks by metric weight 

in each index. Weighted $ trading volume is the weighted trading amount on an annually 

basis. Turnover is computed as the sum of the absolute difference between the final 

weights of every investment year (April to March) and the initial weights of the 

following year.

Table 6 shows the liquidity characteristics of the fundamental indices. In Panel A, 

the cap ratios of the indices range from 46.5% of SGAC index to 80.4% of CAPEX 

index, and 58.5% on average; concentration ratios are approximately at the same level, 

ranging from 47.5% SGAC index to 69.3% of GCAPEX index, and 54.0% on average, 

nearly identical to the 59.3% concentration ratio for the reference portfolio.

In Panel B, the cap ratios of the indices are considerably lower than that of the 

reference portfolio. Since the only two companies who have market capitalization 

greater than NTD$1,000,000 million as the end of 2015 are Hon Hai (2317:TT) and 

TSMC (2330:TT), resulting in a positively skewed market capitalization distribution. 
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The fundamental indices constructed by the ratios thus have lower cap ratio given these 

two companies are not included in these indices. For the concentration ratio, because 

we allocate the portfolios according to the ranks; therefore, the concentration ratios of 

these indices are all the same, 18.9%. Except for the PA and PI indices of 35.7%, as 

only 50 stocks are included in these two indices.

4.4. CAPM and Fama-French Three Factor Characteristics

Table 7 reports the CAPM characteristics of the fundamental indices. In Panel A, 

all the indices have slightly higher CAPM beta compared to the reference portfolio, 

while only NP index generate significant and positive CAPM alpha. In Panel B, the 

indices have slightly higher CAPM beta compared to the reference portfolio as well, 

ROTA index generate significant and positive CAPM alpha.

Table 8 shows the FF3 characteristics of the fundamental indices. In Panel A, most 

of the indices have higher coefficient on market risk premium, and negative coefficient 

on value risk premium, which might be the result of sample selection as our investment 

universe only contains technology companies. However, the absolute value of the 

coefficients on value risk premium of the indices are lower than that of the reference 

portfolio, indicating that the reference portfolio is more growth-tilt. RD index generates 

significant FF3 alpha, as well as the indices (SALES, NP and DIV) introduced in 

previous study. In Panel B, all the indices have positive and significant coefficients on 

size risk premium, indicating that the indices constructed by the ratios are tilted toward 

small-size companies. RD_SALES, RDC_TA and ROTA indices generate significant 

FF3 alpha, while ROTA has a heavier exposure to growth stocks given the higher 

absolute value of coefficient on value risk premium compared to the reference portfolio.
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4.5. Evidence of Market Timing Ability

Table 9 shows the results of Henriksson and Merton regression. In Panel A, the 

coefficients of the dummy variable on market risk premium are significant and positive 

for SGA, RD and RDC indices, as well as BV index, indicating that these indices have 

market timing ability with regard to market risk. However, none of the indices has 

market timing ability with regard to value risk and size risk. In Panel B, the coefficients 

of the dummy variable on size risk premium are significant and positive for 

GCAPEX_SALES and SGAC_TA indices, indicating these indices have market timing 

ability with regard to size risk.

5. Robustness Tests

5.1. Influence of Liquidity Adjustment

As the correlations between market capitalization and fundamental indices are not 

perfect, it might lead to overweight on small-size firms; thus, to investigate if the 

fundamental indices generate similar results as in Table 5 after taking liquidity into 

account, we remove the companies whose market capitalization are at the bottom 20 

percent of the investment universe by each year.

Table 10 reports the return attributes of fundamental indices after the liquidity 

adjustment. In Panel A, most of the figures are similar to those in Table 5, which 

indicates that removing small-size firms from the investment universe has no impact on 

the return of the indices, also implying that the selected size metrics represent well for 

the economic size of the companies. In Panel B, the return of RD_SALES and RDC_TA 

indices increase and the return of ROTA index decrease after the liquidity adjustment. 

However, the conclusion is the same as in Table 5, which is that NP and ROTA indices 
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are the only two that has significant excess return. Therefore, removing the small-size 

firms from investment universe do not influence our findings.

5.2. Influence of Transaction Costs Adjustment

In this section, we provide an analysis of the tradability of our proposed indices, 

by focusing on the net return characteristics after considering turnover and transaction 

costs. Turnovers of the indices are displayed in Table 6. In Panel A, the maximum 

turnover of 26.0% goes to the equal weight index and the minimum turnover of 20.7% 

goes to the reference portfolio. The turnovers of the fundamental indices are between 

that of the reference portfolio and the equal weight index, which is consistent with our 

expectation. In Panel B, the turnovers of the fundamental indices are higher than those 

of the reference portfolio and the equal weight portfolio, which might reduce the 

portfolio return given higher total transaction costs.

Following Brooks, Rew, and Ritson (2001) and Balatti et al. (2017), we assume a 

conservative round-trip transaction cost of 1.7% (including transaction fee and price 

impact) in order to analyze the impact of turnover on the excess returns of the proposed 

indices. Table 11 shows the net return characteristics of the fundamental indices. In 

Panel A, the excess return of the indices increases approximately 0.08 ppts on average, 

while none of the significance of the excess returns changed. In Panel B, the excess 

return of the indices decreases approximately 0.20 ppts on average, while none of the 

significance of the excess return changed as well. In sum, the conclusion that NP and 

ROTA indices have significant and positive excess return is not influenced by the 

transaction costs.

5.3. Outlier Risks

Table 12 reports the results of skewness and excess kurtosis tests. In Panel A, most 
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of our proposed indices have slightly higher skewness and excess kurtosis than those 

of the reference portfolio. In addition, they are slightly more exposed to extreme events 

than the reference portfolio would have been. However, if we only focus on the index 

that has significant excess return, NP index has similar skewness and excess kurtosis to 

the reference portfolio, and it does not have heavy exposure to extreme events. In Panel 

B, most of our proposed indices have slightly higher skewness and lower excess 

kurtosis than those of the reference portfolio. Here we only focus on the index that has 

significant excess return as well, ROTA index has higher skewness and excess kurtosis, 

and is more exposed to extreme events than the reference portfolio. However, if we 

remove the 5 percent tails from the return distribution, compared to the reference 

portfolio, the 5th percentile is similar while the 95th percentile is higher, which 

indicates that the return distribution of ROTA index is superior to the reference portfolio.

6. Conclusions

We construct the fundamental indices using the accounting figures of 985 

companies for 16 years from 2001-2016. Among the fundamental indices which take 

growth opportunities into account, ROTA index is the only index that generates 

significant excess return and CAPM alpha. Among the fundamental indices introduced 

by Arnott et al. (2005), NP index also generates significant excess return and CAPM 

alpha, which is consistent with previous findings.

The result on Fama-French three-factor regression shows that the fundamental 

indices we proposed have slightly lighter growth exposure compared to the market-

capitalization weighted reference portfolio. In addition, after considering the value and 

size risk premiums, RD, SALES, NP and DIV indices generated significant FF-3 alpha, 

which is an evidence of that the superior return of fundamental indices are not solely 
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coming from greater value and size risk exposures. RD_SALES and RDC_TA indices 

have significant FF-3 alpha as well. The result indicates that the indices constructed by 

R&D expenditure-related metrics are more efficient in terms of size and ratio forms. 

Besides, the degree of overall intangibility could be linked to superior stock 

performance evidenced by that ROTA index generated the highest FF-3 alpha.

Although few of our proposed indices generate significant CAPM or FF-3 alpha, 

our finding shows that SGA, RD, RDC and BV indices have market timing ability with 

regard to market risk premium; GCAPEX_SALES and SGAC_TA indices have market 

timing ability with regard to size risk premium.

In conclusion, we provide the evidence that the superior returns generated by part 

of fundamental indices are not solely coming from greater value and size risk exposures. 

Besides, we find that the indices constructed by tangible investment metrics produced 

lackluster risk-return profiles, which is consistent with previous studies; the indices 

constructed by R&D expenditure-related metrics produces better risk-return profiles 

compared to the capitalization-weighted reference portfolio.
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Table 1. Distribution of the Live Companies by Sub-industry and Year, 2001-2016

Sub-industry Total

Year Semiconductor
Computer

& Peiphera
Optoelectronic

Communication
& Internet

Electronic 
Parts & 

Components

Electronic 
Products

Distribution

Information
Service

Other
Electronic

Technology

2000 110 91 84 69 173 42 31 62 662
2001 118 96 89 70 178 43 31 66 691
2002 129 100 94 72 185 43 32 70 725
2003 131 100 99 74 191 43 32 74 744
2004 137 104 105 76 193 43 32 75 765
2005 140 105 115 79 196 44 34 75 788
2006 145 107 122 81 200 44 34 76 809
2007 148 110 124 83 205 43 34 76 823
2008 150 110 129 83 207 42 34 77 832
2009 151 112 129 83 207 42 35 76 835
2010 152 112 130 85 210 41 36 76 842
2011 158 112 134 89 211 39 37 77 857
2012 163 112 135 90 212 39 38 78 867
2013 161 112 135 89 212 38 39 78 864
2014 158 112 135 89 211 38 39 78 860
2015 158 112 133 89 211 37 39 78 857
2016 152 109 131 88 209 37 38 78 842
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Table 2. Tech and Non-tech Industries Characteristics, 2001-2016

This table presents the average fundamental characteristics of the companies, including P/E, P/B, Dividend Yield, Revenue Growth, Capex-to-
Sales Ratio, Fixed Asset-to-Sales Ratio, SG&A expenditure-to-Sales Ratio and R&D expenditure-to-Sales Ratio. Panel A showed the 
characteristics comparison between technology and non-technology industries. Panel B showed the characteristics comparison between the eight 
sub-industries in technology industry.

Panel A. Technology and Non-technology Industries

Sub-industry P/E P/B
Revenue 
Growth

Capex / Sales
Fixed Asset

/ Sales
SG&A / Sales R&D / Sales Dividend Yield

Technology Industry
Mean 18.4 1.6 15.5% 6.7% 36.7% 16.2 4.1% 5.1% 

Median 14.3 1.4 11.0% 3.5% 25.7% 13.8 2.8% 4.9% 

Non-technology 
Industry

Mean 20.2 1.5 7.7% 5.5% 57.5% 17.3 1.3% 4.3% 

Median 15.1 1.3 5.6% 3.2% 42.9% 13.3 0.3% 4.2% 

Total
Mean 19.2 1.5 11.9% 6.2% 46.3% 16.7 2.8% 4.7% 

Median 14.7 1.3 8.5% 3.4% 33.7% 13.6 1.7% 4.6% 
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Table 2. (Continued)

Panel B. Sub-industries in Technology Industry

Sub-industry P/E P/B
Revenue 
Growth

Capex/Sales
Fixed 

Asset/Sales
SG&A/Sales R&D/Sales Dividend Yield

Semiconductor
Mean 21.3 1.9 22.9% 12.3% 53.8% 21.8 10.1% 4.8% 

Median 16.3 1.7 13.4% 5.0% 32.5% 17.4 7.8% 4.4% 

Computer & Peiphera
Mean 17.0 1.7 12.0% 3.1% 20.6% 16.0 4.0% 5.5% 

Median 13.2 1.5 8.7% 2.1% 16.4% 14.3 3.2% 5.2% 

Optoelectronic
Mean 28.8 1.6 29.6% 13.7% 65.7% 15.5 3.6% 3.7% 

Median 17.1 1.3 15.0% 8.1% 49.8% 13.2 3.0% 3.2% 

Communication & 
Internet

Mean 19.7 1.8 21.8% 5.8% 30.6% 18.9 5.6% 5.3% 

Median 15.7 1.5 11.8% 2.9% 19.5% 16.1 4.6% 4.9% 

Electronic Parts & 
Components

Mean 16.9 1.4 12.9% 7.5% 40.7% 13.5 2.2% 5.4% 

Median 13.5 1.3 9.7% 5.7% 36.0% 12.6 1.8% 5.3% 
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Table 2. (Continued)

Sub-Industry P/E P/B
Revenue 
Growth

Capex/Sales
Fixed 

Asset/Sales
SG&A/Sales R&D/Sales Dividend Yield

Electronic Products 
Distribution

Mean 17.4 1.4 15.1% 0.6% 4.0% 6.5 0.4% 6.5% 

Median 12.2 1.3 12.1% 0.2% 2.2% 5.5 0.2% 6.7% 

Information Service
Mean 25.0 1.8 15.0% 2.0% 14.4% 30.3 6.4% 5.6% 

Median 16.5 1.3 9.0% 1.0% 8.0% 23.2 2.9% 5.2% 

Other Electronic
Mean 18.2 1.7 15.5% 5.7% 31.7% 16.6 3.5% 5.7% 

Median 14.3 1.5 10.7% 2.7% 22.4% 15.3 2.7% 5.3% 
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Table 3. Correlation Coefficients Between Corporate Investment Metrics (Size Metrics), 2001-2016

This table presents the correlation coefficients between corporate investment metrics (size metrics) during 2001-2016. MV is market capitalization. 
CAPEX is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general and administrative expenditure. SGAC is capital 
stock of SG&A expenditure. RD is research and development expenditure. RDC is capital stock of R&D expenditure. PA is number of patent 
application. PI is number of patent issuance. Sales is trailing five-year average sales. NP is trailing five-year average net profit. DIV is trailing 
five-year average cash dividend. BV is book value.

Metric MV CAPEX GCAPEX SGA SGAC RD RDC NPA NPI SALES NP DIV BV

MV 1.00
CAPEX 0.84 1.00
GCAPEX 0.61 0.87 1.00
SGA 0.55 0.43 0.30 1.00
SGAC 0.55 0.40 0.24 0.95 1.00
RD 0.77 0.66 0.50 0.71 0.70 1.00
RDC 0.75 0.64 0.46 0.72 0.74 0.98 1.00
PA 0.45 0.39 0.32 0.74 0.64 0.58 0.57 1.00
PI 0.50 0.40 0.26 0.72 0.72 0.67 0.68 0.85 1.00
SALES 0.49 0.38 0.29 0.84 0.84 0.74 0.74 0.71 0.76 1.00
NP 0.92 0.75 0.56 0.54 0.55 0.73 0.71 0.42 0.47 0.53 1.00
DIV 0.26 0.19 0.14 0.45 0.50 0.42 0.43 0.31 0.40 0.60 0.32 1.00
BV 0.90 0.81 0.55 0.73 0.76 0.85 0.85 0.53 0.63 0.68 0.86 0.42 1.00
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Table 4. Weight Characteristics, 2001-2016

This table presents the weight characteristics of fundamental indices during 2001-2016. 
Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX 
is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general 
and administrative expenditure. SGAC is capital stock of past selling, general and 
administrative expenditure. RD is research and development expenditure. RDC is 
capital stock of past research and development expenditure. PA is number of patent 
application. PI is number of patent issuance. Sales is trailing five-year average sales. 
NP is trailing five-year average net profit. DIV is trailing five-year average cash 
dividend. BV is book value.

Panel A. Size Metrics
Portfolio/Index Maximum Minimum 5% 95.0% 
Reference 30.47% 0.09% 0.13% 3.32% 
Equal 1.00% 1.00% 1.00% 1.00% 
CAPEX 36.94% 0.10% 0.12% 4.26% 
GCAPEX 44.99% 0.02% 0.06% 4.42% 
SGA 23.51% 0.16% 0.20% 3.63% 
SGAC 17.31% 0.18% 0.21% 3.76% 
RD 15.67% 0.13% 0.17% 3.38% 
RDC 13.36% 0.13% 0.18% 3.37% 
PA 41.67% 0.43% 0.54% 5.63% 
PI 30.45% 0.19% 0.51% 5.73% 
SALES 28.80% 0.12% 0.17% 3.68% 
NP 27.21% 0.11% 0.13% 3.80% 
DIV 79.55% 0.00% 0.00% 4.51% 
BV 16.96% 0.14% 0.17% 3.30% 
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Table 4. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. 
CAPEX_SALES is capital expenditure divided by total revenue. GCAPEX_SALES is 
growth capital expenditure divided by total revenue. SGA_SALES is selling, general 
and administrative expenditure divided by total revenue. SGAC_TA is capital stock of 
selling, general and administrative expenditure divided by total asset. RD_SALES is 
research and development expenditure divided by total revenue. RDC_TA is capital 
stock of research and development expenditure divided by total asset. PA_RD is 
number of patent application divided by research and development expenditure. PI_RD 
is number of patent issuance divided by research and development expenditure. ROTA 
is return on tangible asset.

Panel B. Ratio Metrics
Portfolio/Index Maximum Minimum 5% 95.0% 
Reference 30.47% 0.09% 0.13% 3.32% 
Equal 1.00% 1.00% 1.00% 1.00% 
CAPEX_SALES 1.98% 0.02% 0.12% 1.88% 
GCAPEX_SALES 1.98% 0.02% 0.12% 1.88% 
SGA_SALES 1.98% 0.02% 0.12% 1.88% 
SGAC_TA 1.98% 0.02% 0.12% 1.88% 
RD_SALES 1.98% 0.02% 0.12% 1.88% 
RDC_TA 1.98% 0.02% 0.12% 1.88% 
PA_RD 3.92% 0.08% 0.24% 3.76% 
PI_RD 3.92% 0.08% 0.24% 3.76% 
ROTA 1.98% 0.02% 0.12% 1.88% 
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Table 5. Return Characteristics, 2001-2016

This table presents return characteristics of fundamental indices during 2001-2016. Reference is capitalization-weighted index. Equal is equally-
weighted index. CAPEX is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general and administrative expenditure. 
SGAC is capital stock of SG&A expenditure. RD is research and development expenditure. RDC is capital stock of R&D expenditure. PA is 
number of patent application. PI is number of patent issuance. Sales is trailing five-year average sales. NP is trailing five-year average net profit. 
DIV is trailing five-year average cash dividend. BV is book value.

Panel A. Size Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 2.07 4.6% 25.2% 0.14 - - - -
Equal 1.35 1.9% 29.5% 0.02 -2.7% 6.7% -0.41 -1.62
CAPEX 1.50 2.6% 30.4% 0.04 -2.1% 8.4% -0.25 -0.99
GCAPEX 0.84 -1.1% 33.1% -0.07 -5.8% 11.5% -0.50 -2.01
SGA 2.38 5.6% 25.7% 0.17 0.9% 7.8% 0.12 0.48
SGAC 2.14 4.9% 25.1% 0.15 0.2% 7.7% 0.03 0.13
RD 1.73 3.5% 29.2% 0.08 -1.1% 6.4% -0.18 -0.72
RDC 1.71 3.4% 29.0% 0.07 -1.2% 6.5% -0.19 -0.76
PA 1.89 4.1% 29.8% 0.09 -0.6% 10.0% -0.06 -0.22
PI 1.66 3.2% 29.3% 0.07 -1.4% 9.4% -0.15 -0.58
SALES 2.34 5.4% 26.8% 0.16 0.8% 8.7% 0.09 0.37
NP 3.29 7.7% 21.5% 0.30 3.1% 5.8% 0.53 2.12*
DIV 3.62 8.4% 25.9% 0.28 3.7% 10.9% 0.34 1.37
BV 1.94 4.2% 26.4% 0.11 -0.4% 4.1% -0.10 -0.39
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Table 5. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX_SALES is capital expenditure divided by total revenue. 
GCAPEX_SALES is growth capital expenditure divided by total revenue. SGA_SALES is selling, general and administrative expenditure divided 
by total revenue. SGAC_TA is capital stock of SG&A expenditure divided by total asset. RD_SALES is research and development expenditure 
divided by total revenue. RDC_TA is capital stock of R&D expenditure divided by total asset. PA_RD is number of patent application divided by 
R&D expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA is return on tangible asset.

Panel B. Ratio Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 2.07 4.6% 25.2% 0.14 - - - -
Equal 1.35 1.9% 29.5% 0.02 -2.7% 6.7% -0.41 -1.62
CAPEX_SALES 1.22 1.2% 39.6% 0.00 -3.4% 19.5% -0.17 -0.70
GCAPEX_SALES 1.30 1.7% 44.4% 0.01 -3.0% 24.6% -0.12 -0.48
SGA_SALES 1.14 0.8% 34.2% -0.01 -3.8% 19.8% -0.19 -0.77
SGAC_TA 3.85 8.8% 34.2% 0.22 4.2% 22.7% 0.18 0.73
RD_SALES 2.77 6.6% 38.4% 0.14 1.9% 24.4% 0.08 0.32
RDC_TA 2.82 6.7% 37.9% 0.14 2.1% 23.5% 0.09 0.35
PA_RD 1.40 2.1% 33.0% 0.03 -2.5% 14.2% -0.18 -0.68
PI_RD 1.26 1.5% 33.6% 0.01 -3.2% 14.5% -0.22 -0.85
ROTA 6.99 12.9% 32.6% 0.36 8.3% 16.2% 0.51 2.04*
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Table 6. Liquidity and Turnover Characteristics, 2001-2016

This table presents the liquidity and turnover characteristics of fundamental indices 
during 2001-2016. Reference is capitalization-weighted index. Equal is equally-
weighted index. CAPEX is capital expenditure. GCAPEX is growth capital expenditure. 
SGA is selling, general and administrative expenditure. SGAC is capital stock of SG&A 
expenditure. RD is research and development expenditure. RDC is capital stock of 
R&D expenditure. PA is number of patent application. PI is number of patent issuance. 
Sales is trailing five-year average sales. NP is trailing five-year average net profit. DIV 
is trailing five-year average cash dividend. BV is book value. Cap ratio is defined as 
the weighted average capitalization of the index to that of the reference portfolio. 
Concentration ratio is defined as the fraction of total index capitalization that belonged 
to the top 10 stocks by metric weight in each index. Weighted $ trading volume is the 
weighted trading amount on an annually basis. Turnover is computed as the sum of the 
absolute difference between the final weights of every investment year (April to March) 
and the initial weights of the following year.

Panel A. Size Metrics

Portfolio/Index
CAP
Ratio

Concentration
Ratio

Weighted
$ Trading Volume

Turnover

Reference 100.0% 59.3% 432,900 20.7% 
Equal 15.0% 10.0% 138,950 26.0% 
CAPEX 80.4% 61.0% 378,578 22.7% 
GCAPEX 65.7% 69.3% 359,827 24.4% 
SGA 48.1% 48.5% 256,121 22.6% 
SGAC 46.1% 47.5% 233,875 22.8% 
RD 58.1% 49.6% 335,264 23.4% 
RDC 55.9% 47.9% 319,051 23.4% 
PA 58.0% 55.8% 320,904 21.3% 
PI 56.4% 55.0% 294,591 22.0% 
SALES 48.6% 51.2% 267,670 21.5% 
NP 95.6% 62.0% 396,965 20.9% 
DIV 36.8% 74.2% 240,807 21.3% 
BV 73.7% 51.8% 343,917 22.0% 
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Table 6. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. 
CAPEX_SALES is capital expenditure divided by total revenue. GCAPEX_SALES is 
growth capital expenditure divided by total revenue. SGA_SALES is selling, general 
and administrative expenditure divided by total revenue. SGAC_TA is capital stock of 
SG&A expenditure divided by total asset. RD_SALES is research and development 
expenditure divided by total revenue. RDC_TA is capital stock of R&D expenditure 
divided by total asset. PA_RD is number of patent application divided by R&D 
expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA 
is return on tangible asset. Cap ratio is defined as the weighted average capitalization 
of the index to that of the reference portfolio. Concentration ratio is defined as the 
fraction of total index capitalization that belonged to the top 10 stocks by metric weight 
in each index. Weighted $ trading volume is the weighted trading amount on an annually 
basis. Turnover is computed as the sum of the absolute difference between the final 
weights of every investment year (April to March) and the initial weights of the 
following year.

Panel B. Ratio Metrics

Portfolio/Index
CAP
Ratio

Concentration
Ratio

Weighted
$ Trading Volume

Turnover

Reference 100.0% 59.3% 432,900 20.7% 
Equal 15.0% 10.0% 138,950 26.0% 
CAPEX_SALES 7.4% 18.9% 59,040 36.7% 
GCAPEX_SALES 4.9% 18.9% 45,626 35.0% 
SGA_SALES 1.2% 18.9% 8,655 39.9% 
SGAC_TA 0.3% 18.9% 3,437 37.2% 
RD_SALES 2.6% 18.9% 33,725 31.4% 
RDC_TA 1.6% 18.9% 29,525 29.7% 
PA_RD 13.3% 35.7% 116,925 25.2% 
PI_RD 12.9% 35.7% 104,377 26.3% 
ROTA 2.4% 18.9% 34,152 30.3% 
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Table 7. Fundamental Indices Regressed on the CAPM, 2001-2016

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX 
is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general 
and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is 
research and development expenditure. RDC is capital stock of R&D expenditure. PA 
is number of patent application. PI is number of patent issuance. SALES is trailing five-
year average sales. NP is trailing five-year average net profit. DIV is trailing five-year 
average dividend. BV is book value. ***, **, * represent significance levels at 1%, 5%, 
and 10%, respectively. The numbers in parentheses are t-statistics.

Panel A. Size Metrics
Portfolio/Index 𝛼𝛼 𝛽𝛽 Adj. R2

Reference 0.069 1.023*** 0.885
(0.41) (38.28)

Equal 0.100 1.223*** 0.840
(0.41) (31.71)

CAPEX 0.060 1.144*** 0.865
(0.29) (35.05)

GCAPEX -0.156 1.196*** 0.776
(-0.53) (25.75)

SGA 0.146 1.037*** 0.889
(0.87) (39.08)

SGAC 0.105 1.045*** 0.884
(0.61) (38.12)

RD 0.220 1.226*** 0.869
(1.01) (35.56)

RDC 0.251 1.250*** 0.867
(1.12) (35.34)

PA -0.117 0.856*** 0.647
(-0.40) (18.66)

PI -0.181 0.852*** 0.654
(-0.64) (19.01)

SALES 0.223 1.105*** 0.866
(1.12) (35.09)

NP 0.166* 0.914*** 0.885
(2.10) (38.34)

DIV 0.510 1.133*** 0.754
(1.72) (24.19)

BV 0.111 1.091*** 0.895
(0.65) (40.26)
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Table 7. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. 
CAPEX_SALES is capital expenditure divided by total revenue. GCAPEX_SALES is 
growth capital expenditure divided by total revenue. SGA_SALES is selling, general 
and administrative expenditure divided by total revenue. SGAC_TA is capital stock of 
SG&A expenditure divided by total asset. RD_SALES is research and development 
expenditure divided by total revenue. RDC_TA is capital stock of R&D expenditure 
divided by total asset. PA_RD is number of patent application divided by R&D 
expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA 
is return on tangible asset. ***, **, * represent significance levels at 1%, 5%, and 10%, 
respectively. The numbers in parentheses are t-statistics.

Panel B. Ratio Metrics
Portfolio/Index 𝛼𝛼 𝛽𝛽 Adj. R2

Reference 0.069 1.023*** 0.885
(0.41) (38.28)

Equal 0.100 1.223*** 0.840
(0.41) (31.71)

CAPEX_SALES 0.195 1.287*** 0.785
(0.63) (26.40)

GCAPEX_SALES 0.270 1.288*** 0.733
(0.76) (22.90)

SGA_SALES 0.021 1.030*** 0.648
(0.06) (18.76)

SGAC_TA 0.188 0.682*** 0.516
(0.62) (14.30)

RD_SALES 0.603 1.189*** 0.701
(1.70) (21.17)

RDC_TA 0.645 1.172*** 0.695
(1.82) (20.87)

PA_RD 0.115 1.119*** 0.758
(0.40) (24.47)

PI_RD 0.061 1.146*** 0.759
(0.21) (24.56)

ROTA 0.686* 1.076*** 0.709
(2.18) (21.59)
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Table 8. Fundamental Indices Regressed on the FF-3 Model, 2001-2016

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX 
is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general 
and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is 
research and development expenditure. RDC is capital stock of R&D expenditure. PA 
is number of patent application. PI is number of patent issuance. SALES is trailing five-
year average sales. NP is trailing five-year average net profit. DIV is trailing five-year 
average dividend. BV is book value. ***, **, * represent significance levels at 1%, 5%, 
and 10%, respectively. The numbers in parentheses are t-statistics.

Panel A. Size Metrics
Portfolio/Index 𝛼𝛼 b h s Adj. R2

Reference 0.295* 1.082*** -0.249*** -0.064 0.919
(2.05) (46.31) (-8.81) (-1.46)

Equal 0.268 1.275*** -0.260*** 0.382*** 0.882
(1.26) (36.91) (-6.22) (5.89)

CAPEX 0.196 1.180*** -0.155*** -0.007 0.874
(0.97) (35.90) (-3.90) (-0.12)

GCAPEX -0.036 1.230*** -0.157*** 0.106 0.783
(-0.12) (25.85) (-2.72) (1.19)

SGA 0.254 1.068*** -0.141*** 0.093 0.899
(1.57) (40.62) (-4.42) (1.88)

SGAC 0.198 1.073*** -0.130*** 0.127** 0.894
(1.18) (39.35) (-3.94) (2.48)

RD 0.406* 1.278*** -0.236*** 0.122* 0.889
(2.00) (38.78) (-5.92) (1.97)

RDC 0.397 1.293*** -0.199*** 0.169*** 0.883
(1.86) (37.39) (-4.75) (2.60)

PA 0.003 0.890*** -0.158*** 0.108 0.657
(0.01) (18.96) (-2.78) (1.22)

PI -0.073 0.884*** -0.150*** 0.144 0.667
(-0.26) (19.30) (-2.71) (1.67)

SALES 0.379* 1.148*** -0.196*** 0.090 0.883
(2.01) (37.46) (-5.28) (1.57)

NP 0.347*** 0.961*** -0.199*** -0.056 0.912
(2.60) (44.31) (-7.58) (-1.37)

DIV 0.742*** 1.198*** -0.296*** 0.166 0.787
(2.66) (26.41) (-5.40) (1.95)

BV 0.246 1.127*** -0.158*** 0.016 0.905
(1.50) (42.19) (-4.90) (0.32)
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Table 8. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. 
CAPEX_SALES is capital expenditure divided by total revenue. GCAPEX_SALES is 
growth capital expenditure divided by total revenue. SGA_SALES is selling, general 
and administrative expenditure divided by total revenue. SGAC_TA is capital stock of 
SG&A expenditure divided by total asset. RD_SALES is research and development 
expenditure divided by total revenue. RDC_TA is capital stock of R&D expenditure 
divided by total asset. PA_RD is number of patent application divided by R&D 
expenditure. PI_RD is number of  patent issuance divided by R&D expenditure. 
ROTA is return on tangible asset. ***, **, * represent significance levels at 1%, 5%, 
and 10%, respectively. The numbers in parentheses are t-statistics.

Panel B. Ratio Metrics
Portfolio/Index 𝛼𝛼 b h s Adj. R2

Reference 0.295* 1.082*** -0.249*** -0.064 0.919
(2.05) (46.31) (-8.81) (-1.46)

Equal 0.268 1.275*** -0.260*** 0.382*** 0.882
(1.26) (36.91) (-6.22) (5.89)

CAPEX_SALES 0.103 1.279*** -0.038 0.818*** 0.867
(0.42) (32.03) (-0.78) (10.92)

GCAPEX_SALES 0.079 1.259*** 0.029 1.082*** 0.869
(0.31) (30.73) (0.59) (14.07)

SGA_SALES -0.186 0.997*** 0.047 1.087*** 0.839
(-0.78) (25.82) (1.00) (14.99)

SGAC_TA 0.085 0.673*** -0.042 0.910*** 0.756
(0.39) (19.09) (-0.98) (13.75)

RD_SALES 0.540* 1.195*** -0.125*** 1.126*** 0.867
(2.25) (30.63) (-2.66) (15.38)

RDC_TA 0.670*** 1.201*** -0.220*** 1.085*** 0.860
(2.75) (30.30) (-4.59) (14.58)

PA_RD 0.135 1.135*** -0.121** 0.560*** 0.810
(0.52) (26.89) (-2.38) (7.07)

PI_RD 0.066 1.160*** -0.111* 0.595*** 0.814
(0.25) (27.14) (-2.15) (7.42)

ROTA 0.851*** 1.137*** -0.334*** 0.818*** 0.850
(3.71) (30.52) (-7.42) (11.70)
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Table 9. Market Timing: Fundamental Indices Regressed on the Henriksson-Merton Model, 2001-2016

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX is capital expenditure. GCAPEX is growth capital 
expenditure. SGA is selling, general and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is research and development 
expenditure. ***, **, * represent significance levels at 1%, 5%, and 10%, respectively. The numbers in parentheses are t-statistics.

Panel A. Size Metrics

Portfolio/Index 𝛼𝛼 Rm-Rf HML SMB DRm-Rf DHML DSMB Adj. R2

Reference 0.189 1.109*** -0.232*** -0.102 0.046 0.063 -0.075 0.918

(0.67) (23.60) (-6.11) (-1.28) (0.66) (0.73) (-0.56)
Equal 0.162 1.327*** -0.270*** 0.361*** 0.088 -0.026 -0.042 0.880

(0.39) (19.05) (-4.81) (3.06) (0.85) (-0.20) (-0.21)
CAPEX -0.190 1.246*** -0.158*** 0.036 0.117 0.009 0.091 0.873

(-0.48) (18.87) (-2.96) (0.33) (1.20) (0.07) (0.48)
GCAPEX -0.051 1.244*** -0.164* 0.104 0.023 -0.022 -0.003 0.780

(-0.09) (12.94) (-2.11) (0.64) (0.16) (-0.13) (-0.01)
SGA -0.055 1.162*** -0.184*** 0.147 0.162* -0.126 0.113 0.901

(-0.18) (22.21) (-4.35) (1.67) (2.09) (-1.31) (0.75)
SGAC -0.143 1.159*** -0.145*** 0.148 0.149 -0.030 0.045 0.894

(-0.44) (21.24) (-3.29) (1.60) (1.84) (-0.30) (0.29)
RD 0.072 1.395*** -0.255*** 0.101 0.199* -0.040 -0.041 0.890

(0.18) (21.18) (-4.79) (0.91) (2.04) (-0.33) (-0.22)
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Table 9. (Continued)

RDC is capital stock of R&D expenditure. PA is number of patent application. PI is number of patent issuance. SALES is trailing five-year average 
sales. NP is trailing five-year average net profit. DIV is trailing five-year average dividend. BV is book value. ***, **, * represent significance 
levels at 1%, 5%, and 10%, respectively. The numbers in parentheses are t-statistics.

Portfolio/Index 𝛼𝛼 Rm-Rf HML SMB DRm-Rf DHML DSMB Adj. R2

RDC 0.006 1.434*** -0.231*** 0.158 0.241** -0.083 -0.018 0.885

(0.01) (20.83) (-4.16) (1.36) (2.36) (-0.66) (-0.09)

PA 1.139* 0.817*** -0.302*** 0.096 -0.135 -0.529*** -0.030 0.675

(2.08) (8.91) (-4.08) (0.62) (-1.00) (-3.14) (-0.11)
PI 0.961 0.796*** -0.289*** 0.183 -0.158 -0.511*** 0.074 0.685

(1.80) (8.91) (-4.01) (1.21) (-1.20) (-3.12) (0.29)
SALES 0.113 1.243*** -0.195*** 0.039 0.161 0.021 -0.102 0.883

(0.31) (20.28) (-3.94) (0.37) (1.77) (0.18) (-0.58)
NP 0.241 1.014*** -0.187*** -0.123 0.089 0.047 -0.136 0.913

(0.93) (23.40) (-5.35) (-1.68) (1.39) (0.59) (-1.10)
DIV 1.050 1.198*** -0.305*** 0.070 -0.006 -0.039 -0.194 0.784

(1.92) (13.09) (-4.13) (0.46) (-0.04) (-0.23) (-0.74)
BV 0.001 1.227*** -0.175*** -0.016 0.169* -0.037 -0.063 0.906

(0.00) (23.02) (-4.06) (-0.18) (2.15) (-0.38) (-0.41)
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Table 9. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX_SALES is capital expenditure divided by total revenue. 
GCAPEX_SALES is growth capital expenditure divided by total revenue. SGA_SALES is selling, general and administrative expenditure divided 
by total revenue. SGAC_TA is capital stock of SG&A expenditure divided by total asset. RD_SALES is research and development expenditure 
divided by total revenue. ***, **, * represent significance levels at 1%, 5%, and 10%, respectively. The numbers in parentheses are t-statistics.

Panel B. Ratio Metrics
Portfolio/Index 𝛼𝛼 Rm-Rf HML SMB DRm-Rf DHML DSMB Adj. R2

Reference 0.189 1.109*** -0.232*** -0.102 0.046 0.063 -0.075 0.918

(0.67) (23.60) (-6.11) (-1.28) (0.66) (0.73) (-0.56)
Equal 0.162 1.327*** -0.270*** 0.361*** 0.088 -0.026 -0.042 0.880

(0.39) (19.05) (-4.81) (3.06) (0.85) (-0.20) (-0.21)
CAPEX_SALES -0.506 1.399*** -0.042 0.864*** 0.209 0.017 0.097 0.867

(-1.06) (17.51) (-0.66) (6.41) (1.76) (0.11) (0.43)
GCAPEX_SALES -1.030* 1.351*** 0.040 1.327*** 0.171 0.079 0.501* 0.872

(-2.13) (16.66) (0.61) (9.69) (1.42) (0.53) (2.17)
SGA_SALES -0.706 1.057*** 0.040 1.201*** 0.107 -0.002 0.234 0.839

(-1.52) (13.62) (0.64) (9.16) (0.93) (-0.01) (1.06)
SGAC_TA 0.474 0.572*** -0.137** 1.119*** -0.170 -0.343*** 0.419* 0.774

(1.17) (8.41) (-2.49) (9.74) (-1.69) (-2.75) (2.16)
RD_SALES 0.271 1.225*** -0.101 1.130*** 0.053 0.093 0.010 0.865

(0.58) (15.58) (-1.59) (8.51) (0.45) (0.64) (0.04)
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Table 9. (Continued)

RDC_TA is capital stock of R&D expenditure divided by total asset. PA_RD is number of patent application divided by R&D expenditure. PI_RD 
is number of patent issuance divided by R&D expenditure. ROTA is return on tangible asset. ***, **, * represent significance levels at 1%, 5%, 
and 10%, respectively. The numbers in parentheses are t-statistics.

Portfolio/Index 𝛼𝛼 Rm-Rf HML SMB DRm-Rf DHML DSMB Adj. R2

RDC_TA 0.316 1.233*** -0.182*** 1.088*** 0.058 0.142 0.009 0.859

(0.66) (15.46) (-2.82) (8.08) (0.49) (0.97) (0.04)

PA_RD 0.266 1.072*** -0.125 0.620*** -0.107 -0.025 0.119 0.808

(0.52) (12.60) (-1.83) (4.32) (-0.85) (-0.16) (0.49)
PI_RD 0.221 1.083*** -0.106 0.649*** -0.130 0.003 0.108 0.812

(0.43) (12.59) (-1.53) (4.47) (-1.02) (0.02) (0.44)
ROTA 0.215 1.180*** -0.273*** 0.862*** 0.080 0.230 0.091 0.851

(0.48) (15.87) (-4.54) (6.86) (0.72) (1.69) (0.43)
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Table 10. Return Characteristics (Liquidity Adjusted), 2001-2016

This table presents the return characteristics of fundamental indices during 2001-2016 after liquidity adjustment. Reference is capitalization-
weighted index. Equal is equally-weighted index. CAPEX is capital expenditure. GCAPEX is growth capital expenditure. SGA is selling, general 
and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is research and development expenditure. RDC is capital stock 
of R&D expenditure. PA is number of patent application. PI is number of patent issuance. SALES is trailing five-year average sales. NP is trailing 
five-year average net profit. DIV is trailing five-year average dividend. BV is book value.

Panel A. Size Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 2.07 4.6% 25.2% 0.14 - - - -
Equal 1.35 1.9% 29.5% 0.02 -2.7% 6.7% -0.41 -1.62
CAPEX 1.50 2.6% 30.4% 0.04 -2.1% 8.4% -0.24 -0.98
GCAPEX 0.83 -1.2% 33.0% -0.07 -5.8% 11.4% -0.51 -2.06
SGA 2.39 5.6% 25.7% 0.17 0.9% 7.8% 0.12 0.49
SGAC 2.13 4.9% 25.1% 0.14 0.2% 7.7% 0.03 0.11
RD 1.73 3.5% 29.2% 0.08 -1.2% 6.3% -0.19 -0.74
RDC 1.71 3.4% 29.0% 0.07 -1.2% 6.5% -0.19 -0.77
PA 1.88 4.0% 29.8% 0.09 -0.6% 10.1% -0.06 -0.24
PI 1.65 3.2% 29.3% 0.07 -1.5% 9.5% -0.15 -0.61
SALES 2.36 5.5% 26.8% 0.16 0.9% 8.7% 0.10 0.40
NP 3.29 7.7% 21.5% 0.30 3.1% 5.8% 0.53 2.12*
DIV 2.61 6.2% 25.5% 0.19 1.5% 10.1% 0.15 0.61
BV 1.94 4.2% 26.4% 0.11 -0.4% 4.1% -0.10 -0.39
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Table 10. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX_SALES is capital expenditure divided by total revenue. 
GCAPEX_SALES is growth capital expenditure divided by total revenue. SGA_SALES is selling, general and administrative expenditure divided 
by total revenue. SGAC_TA is capital stock of SG&A expenditure divided by total asset. RD_SALES is research and development expenditure 
divided by total revenue. RDC_TA is capital stock of R&D expenditure divided by total asset. PA_RD is number of patent application divided by 
R&D expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA is return on tangible asset.

Panel B. Ratio Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 2.07 4.6% 25.2% 0.14 - - - -
Equal 1.35 1.9% 29.5% 0.02 -2.7% 6.7% -0.41 -1.62
CAPEX_SALES 1.46 2.4% 38.6% 0.03 -2.2% 13.8% -0.16 -0.65
GCAPEX_SALES 1.08 0.5% 41.5% -0.02 -4.2% 20.1% -0.21 -0.83
SGA_SALES 1.48 2.5% 30.8% 0.04 -2.1% 15.4% -0.14 -0.56
SGAC_TA 2.73 6.5% 27.7% 0.19 1.8% 17.1% 0.11 0.43
RD_SALES 3.24 7.6% 36.0% 0.18 3.0% 18.1% 0.16 0.66
RDC_TA 3.30 7.8% 34.9% 0.19 3.1% 17.9% 0.17 0.69
PA_RD 1.40 2.1% 33.0% 0.03 -2.5% 11.9% -0.21 -0.85
PI_RD 1.23 1.3% 33.6% 0.00 -3.3% 12.1% -0.27 -1.10
ROTA 5.89 11.7% 31.4% 0.33 7.1% 13.7% 0.52 2.07*
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Table 11. Net Return Characteristics, 2001-2016

This table presents the return characteristics of fundamental indices during 2001-2016 after transaction costs adjustment. Reference is 
capitalization-weighted index. Equal is equally-weighted index. CAPEX is capital expenditure. GCAPEX is growth capital expenditure. SGA is 
selling, general and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is research and development expenditure. RDC 
is capital stock of R&D expenditure. PA is number of patent application. PI is number of patent issuance. SALES is trailing five-year average sales. 
NP is trailing five-year average net profit. DIV is trailing five-year average dividend. BV is book value.

Panel A. Size Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 1.95 4.3% 25.2% 0.12 - - - -
Equal 1.26 1.4% 29.5% 0.01 -2.8% 6.7% -0.42 -1.67
CAPEX 1.40 2.1% 30.4% 0.03 -2.1% 8.4% -0.25 -1.01
GCAPEX 0.78 -1.6% 33.1% -0.08 -5.8% 11.5% -0.51 -2.03
SGA 2.24 5.2% 25.8% 0.15 0.9% 7.8% 0.12 0.47
SGAC 2.01 4.5% 25.2% 0.13 0.2% 7.7% 0.03 0.11
RD 1.62 3.1% 29.2% 0.06 -1.2% 6.3% -0.19 -0.75
RDC 1.60 3.0% 29.0% 0.06 -1.3% 6.5% -0.20 -0.79
PA 1.83 3.9% 29.8% 0.09 -0.4% 10.1% -0.04 -0.16
PI 1.61 3.0% 29.3% 0.06 -1.2% 9.4% -0.13 -0.53
SALES 2.20 5.1% 26.8% 0.14 0.8% 8.7% 0.09 0.37
NP 3.11 7.4% 21.6% 0.28 3.1% 5.8% 0.53 2.10*
DIV 2.43 5.7% 25.5% 0.17 1.4% 10.1% 0.14 0.57
BV 1.83 3.8% 26.4% 0.10 -0.4% 4.1% -0.10 -0.42
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Table 11. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX_SALES is capital expenditure divided by total revenue. 
GCAPEX_SALES is growth capital expenditure divided by total revenue. SGA_SALES is selling, general and administrative expenditure divided 
by total revenue. SGAC_TA is capital stock of SG&A expenditure divided by total asset. RD_SALES is research and development expenditure 
divided by total revenue. RDC_TA is capital stock of R&D expenditure divided by total asset. PA_RD is number of patent application divided by 
R&D expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA is return on tangible asset.

Panel B. Ratio Metrics

Portfolio/Index
Ending Value

 of NT$1
Geometric

Return
Standard 
Deviation

Sharpe
Ratio

Excess Return
vs. Reference

Tracking Error
vs. Reference

Information
Ratio

t-Statistic for
Excess Return

Reference 1.95 4.3% 25.2% 0.12 - - - -
Equal 1.26 1.4% 29.5% 0.01 -2.8% 6.7% -0.42 -1.67
CAPEX_SALES 1.10 0.6% 39.6% -0.02 -3.7% 19.5% -0.19 -0.75
GCAPEX_SALES 1.18 1.0% 44.4% 0.00 -3.2% 24.6% -0.13 -0.52
SGA_SALES 1.02 0.1% 34.2% -0.03 -4.1% 19.8% -0.21 -0.83
SGAC_TA 3.48 8.1% 34.2% 0.20 3.8% 22.6% 0.17 0.68
RD_SALES 2.55 6.0% 38.4% 0.12 1.8% 24.3% 0.07 0.29
RDC_TA 2.59 6.1% 37.6% 0.13 1.9% 23.1% 0.08 0.32
PA_RD 1.34 1.9% 33.1% 0.02 -2.4% 13.9% -0.17 -0.69
PI_RD 1.18 1.0% 27.6% -0.01 -3.2% 8.5% -0.38 -1.51
ROTA 6.25 12.1% 32.3% 0.34 7.9% 15.9% 0.50 1.98*
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Table 12. Outlier Risks, 2001-2016

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX is capital expenditure. GCAPEX is growth capital 
expenditure. SGA is selling, general and administrative expenditure. SGAC is capital stock of SG&A expenditure. RD is research and development 
expenditure. RDC is capital stock of R&D expenditure. PA is number of patent application. PI is number of patent issuance. SALES is trailing 
five-year average sales. NP is trailing five-year average net profit. DIV is trailing five-year average dividend. BV is book value.

Panel A. Size Metrics
Portfolio/Index Mean Std Maximum Minimum 5% 95% Skewness Excess Kurtosis
Reference 0.6% 6.7% 29.8% -21.3% -9.9% 10.2% 0.18 -0.84
Equal 0.5% 8.3% 36.4% -24.5% -12.8% 13.2% 0.29 -0.89
CAPEX 0.5% 7.6% 35.0% -22.4% -10.6% 12.6% 0.33 -0.63
GCAPEX 0.2% 8.4% 30.4% -28.3% -13.0% 13.7% 0.06 -1.85
SGA 0.7% 6.8% 33.6% -19.1% -9.3% 10.5% 0.42 -0.12
SGAC 0.6% 6.8% 35.0% -21.3% -9.4% 9.9% 0.59 0.86
RD 0.6% 8.2% 46.1% -25.9% -12.4% 12.4% 0.71 2.12
RDC 0.6% 8.3% 48.3% -26.4% -12.7% 12.0% 0.81 2.66
PA 0.5% 6.5% 16.8% -21.3% -11.2% 10.2% -0.20 -2.17
PI 0.5% 6.5% 18.1% -19.4% -11.6% 10.0% -0.21 -2.38
SALES 0.7% 7.3% 37.2% -21.2% -10.5% 10.6% 0.54 0.58
NP 0.8% 6.0% 27.3% -17.9% -8.3% 9.7% 0.29 -0.77
DIV 0.9% 8.1% 42.1% -27.9% -11.5% 12.0% 0.42 1.31
BV 0.6% 7.1% 36.8% -22.4% -9.9% 10.5% 0.54 0.65
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Table 12. (Continued)

Reference is capitalization-weighted index. Equal is equally-weighted index. CAPEX_SALES is capital expenditure divided by total revenue. 
GCAPEX_SALES is growth capital expenditure divided by total revenue. SGA_SALES is selling, general and administrative expenditure divided 
by total revenue. SGAC_TA is capital stock of SG&A expenditure divided by total asset. RD_SALES is research and development expenditure 
divided by total revenue. RDC_TA is capital stock of R&D expenditure divided by total asset. PA_RD is number of patent application divided by 
R&D expenditure. PI_RD is number of patent issuance divided by R&D expenditure. ROTA is return on tangible asset.

Panel B. Ratio Metrics
Portfolio/Index Mean Std Maximum Minimum 5% 95% Skewness Excess Kurtosis
Reference 0.6% 6.7% 29.8% -21.3% -9.9% 10.2% 0.18 -0.84
Equal 0.5% 8.3% 36.4% -24.5% -12.8% 13.2% 0.29 -0.89
CAPEX_SALES 0.5% 9.0% 39.6% -23.3% -14.1% 16.3% 0.47 -1.31
GCAPEX_SALES 0.6% 9.3% 38.9% -21.2% -14.5% 17.7% 0.53 -1.71
SGA_SALES 0.5% 7.9% 34.9% -18.7% -11.5% 14.6% 0.63 -1.29
SGAC_TA 1.0% 5.8% 19.1% -19.3% -8.6% 10.5% 0.19 -2.06
RD_SALES 1.0% 8.8% 38.7% -25.3% -12.7% 15.9% 0.43 -1.45
RDC_TA 1.1% 8.7% 38.7% -26.2% -12.2% 15.3% 0.38 -1.23
PA_RD 0.6% 7.9% 24.7% -21.3% -12.5% 13.9% 0.05 -2.63
PI_D 0.5% 8.1% 23.4% -23.0% -12.8% 13.8% 0.03 -2.54
ROTA 1.2% 7.9% 39.9% -26.8% -10.5% 13.6% 0.55 0.75


