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Many companies in recent times have attempted to use derivatives to hedge the risks of the 5 

fluctuations in the price of materials in the global markets as well as variations in currency 6 

exchange rates and interest rates. This study investigates the relationship between derivatives and 7 

corporate financial statuses through grey relational analysis (GRA) and grey decision making 8 

(GDM). 28 types of financial ratios data were collected from 29 construction materials suppliers 9 
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decade. The results of the combination of GDM and Five Forces of Financial analyses presented 11 

the suggested value of financial ratios which is suitable for derivatives usage. GRA and GDM 12 

could be a useful tool to predict the proper time to employ derivatives for companies’ development, 13 

especially for some firms which lack experienced experts. 14 
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Introduction 18 

The construction industry faces international competition due to global market integration. Of all 19 

the kinds of companies in the industry, construction material suppliers are especially exposed to 20 

more serious financial risks because they usually have high debt capital structures and many of 21 

their goods, namely construction materials, are imported from other countries. As a result of these 22 

challenging conditions, sometimes suppliers must suspend their operations. For example, in 23 

Taiwan the majority of construction materials are imported, so suppliers are exposed to the 24 

challenges of materials import and fluctuations in prices. Some suppliers have to seek new 25 

materials sources because the mainland of China, as the second biggest source of imports for 26 

Taiwan, has optimized the construction materials industrial structure and reduced the dependence 27 

on exports significantly (Invest Taiwan 2011). The total price index of the construction industry 28 

has an ever-increasing trend, and the price of cement and metal, two main materials in the 29 

construction industry, have fluctuated wildly between 1998 and 2014 (Executive Yuan of Taiwan 30 

2015).  31 

    For a variety of companies, how to mitigate the risks of fluctuating material prices, currency 32 

exchange rates, and market interest rates is an urgent question. Many scholars have been studying 33 

this question and found that risk mitigation is essential for firms operating in any market marked 34 

by high inflation and global competition (Battermann and Broll 2001). Many techniques have been 35 

developed to reduce risk (Ross et al. 2002), including the use of financial derivatives, which has 36 

become a popular and effective tool used not only by financial institutions but also in some other 37 

industries, for example, by construction corporations (Quek et al. 2007; Bartram et al. 2009). In 38 



3 
 

general, the bigger and more international the companies are, the more willing to use derivatives 39 

they are (Chen and Lin 2010). The usage of derivatives heavily relies on the knowledge and 40 

experience of experts (Geczy et al. 1997). Thus small- and medium- sized enterprises are usually 41 

more reluctant to use derivatives for risk hedging because of the lack of experienced experts and 42 

the high employment cost for experts (Chen et al. 2010). As enterprises grow and global 43 

competition becomes fiercer, when a firm should start using derivatives creeps closer to the top of 44 

the company agenda. The above characteristics are also applicable to construction material 45 

suppliers in Taiwan because of the high risk derived from the importing the raw materials required 46 

for buildings and facilities and the difficulties of experts’ employment. As an alternative of experts’ 47 

knowledge, the financial statements, which could response honestly to all the strategies adopted 48 

by the firms, for example, derivatives usage. 49 

    The aim of this study is to examine the relationship of the financial derivatives and financial 50 

ratios of the listed construction material suppliers in Taiwan using grey system theory and in turn, 51 

offer some guidance on the proper time for derivatives usage to suppliers so as to replace the 52 

traditional subjective experts’ recommendations. The research objects were made up of 29 53 

construction material suppliers, including seven cement suppliers and 22 steel suppliers, and the 54 

financial statements of the above suppliers from 2005 to 2014 were used as the data source. Grey 55 

relational analysis (GRA) and grey decision-making (GDM), two contents of the grey system 56 

theory were employed as the analysis method. GRA will help reveal the relationship of derivatives 57 

usage and financial ratios and the most pivotal of the numerous financial ratios, though it couldn’t 58 

determine their causality. GDM will contribute to indicate the perfect levels of the financial ratios 59 
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proper to use derivatives. The validity of this approach, the combination of financial ratios and 60 

grey system theory will be proved. 61 

 62 

Financial Ratio Analysis 63 

The purpose of a financial statement is to indicate the historical and current situation of a firm so 64 

as to help managers understand the corporation’s current situation in a timely manner and help 65 

investors estimate the corporation’s value, predict future development and make decisions 66 

regarding which company is appropriate to invest their resources (Wahlen and Wieland 2011). 67 

Analysis of financial statements is a method widely used in various kinds of industries, especially 68 

in finance, to benchmark firms in the same industry (Cowen and Hoffer 1982). In the specific 69 

context of exploring two types of leverage, Nissim and Penman (2003) found that financial 70 

statement analysis can help to identify future profitability and calculate appropriate price-to-book 71 

ratios. Longinidis and Georgiadis (2011) proposed a Mixed-Integer Linear Programming (MILP) 72 

problem that combines financial analysis and demand uncertainty to improve strategic decision-73 

making for designing supply chain networks. It has been demonstrated that financial statement 74 

analysis is more reliable than analysts’ consensus recommendations likely to be most informative 75 

(Wahlen and Wieland 2011). Thus financial statement analysis has been a key tool of strategic 76 

decision-making for addressing firm performance challenges such as hedging risk. According to 77 

different requirements, a variety of combinations of financial ratios indexes has been used for 78 

systemic analysis of firm financial status (McLeaney and Atrill 2005). For example, Malíková and 79 

Brabec (2012) used four categories of financial ratios, specifically profitability, activity, liquidity, 80 
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and debt ratios, for their evaluation criteria. Among the indexes, the financial five forces are a 81 

common combination, including profitability, stability, activity, growth, and productivity, which 82 

could be traced to Altman (1968), one of the previous well-known researchers about financial 83 

performance who laid a solid foundation for the development of financial five forces. The financial 84 

five forces are often used by firms due to their simplicity and capacity of assessing firms’ 85 

conditions comprehensively. So we employ the financial five forces in this paper as well. 86 

 87 

Derivatives Usage for Risk-Hedging 88 

Risk-hedging instruments are related to conditions of companies, which could be reflected in the 89 

various financial ratios provided in financial statements. A derivative is an alternative financial 90 

investment derived from a traditional financial product and has a price that depends on the 91 

movement of the value or price of that underlying asset, which could be the stock price, stock price 92 

index, exchange rate, interest rate, the rate of return, and so on (McDonald 2006). Risk 93 

management has increasingly attracted the attention of companies and scholars, with a growing 94 

number of corporations, including non-financial firms as well as financial firms, selecting 95 

derivatives for risk-hedging, as confirmed by many studies (Sheng 2005; Panayides 2006; Bartram 96 

et al. 2009; Chen et al. 2012). Although derivatives are widely used in the US, the UK, Australia, 97 

and other countries (Nguyen and Faff 2002, Bailly et al. 2003, Kim et al. 2006), they were not 98 

introduced to the construction industry and other related industries until the 1990s (Holmes 2004).  99 

To use derivatives in a proper manner, some studies identified the firm-specific factors 100 

relating to the extent of derivatives usage, including financial distress cost (Afza and Alam, 2011), 101 
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debt ratios (Haushalter, 2000), cost of equity (Gay et al., 2011), cash flows (Stewart and Owhoso, 102 

2005), quick ratios and coverage ratios (Bartram et al., 2009), and so on. Most of them are financial 103 

ratios. And that’s another reason why we select financial ratios to indicate firms’ financial 104 

conditions. There are also some techniques used for helping derivative usage. For example, Hyper 105 

Rectangular Composite Neural Networks (Chen et al. 2010) and SVM (Chen and Lin 2010) were 106 

employed for derivatives usage prediction. Although these two methods could show the prediction 107 

accuracy, it is difficult for companies to clarify their development directions so as to enhance the 108 

prediction accuracy (to use derivatives at a proper time to maximize their role). To solve this 109 

problem, this paper will use grey system theory as the method to unveil the relationship between 110 

derivatives usage and financial ratios, which lays the foundation that financial ratios could be 111 

employed to determine or predict when to use derivatives, to identify the proper time to use 112 

derivatives based on the suggested value of financial ratios, and to provide some guidance on 113 

derivatives usage for construction material suppliers in Taiwan. 114 

 115 

Grey System Theory 116 

In the grey system, information that exists in nature and is already known is classified as white, 117 

unknown information is regarded as black, and the third kind of information, which is unclear and 118 

uncertain but in known zones, is grey, interposed between black and white. The main idea of grey 119 

system theory is that although the objective system is complex and the data is scattered, the system 120 

always has its function and runs well. Hence, some potential principles must be hidden behind the 121 

complex image, and the key is to exploit and take advantage of them (Deng, 1987a). Soon after 122 
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the theory was proposed, many scholars supported its validity and successfully applied it in some 123 

studies. Huang (2011) applied the grey system in the investigation of elders’ opinions on telecare 124 

and determined the importance of over living quality and other six effects of telecare usage. Wang 125 

et al. (2014) established a grey Verhulst model to predict topics that would trend on the Internet 126 

and found that the average related error of the proposed model was less than 3%. Grey system 127 

theory had been applied in other fields such as agricultural irrigation (Deng, 1987b), air quality 128 

(Zhu, 2007), machine tools (Wang et al., 2006). As research and the application of grey system 129 

theory spread, related models were gradually developed. According to Liu et al. (2013), four 130 

particular models had become especially common, namely grey relational analysis, grey cluster 131 

evaluation, grey prediction, and a grey model for decision-making. Among them, the grey 132 

relational analysis was the most popular (Yin, 2013). Given its wide acceptance and ability to 133 

identify the primary relational factors in a system (Lin, 2000), the grey relational analysis is applied 134 

in the present study to examine the relationship between financial indexes and derivatives usage.  135 

 136 

Financial Ratios Screening 137 

In order to identify the relationship between derivatives usage and the financial conditions of 138 

construction material suppliers, this study made use of financial ratios analysis. Based on a survey 139 

of the literature on financial ratios analysis of firms in Taiwan or other locations, 28 financial ratios 140 

were chosen as the foundation for analysis, shown in Table 1. 141 

 142 

Data Collection 143 
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The data used in the present study was from the listed companies from Taiwan Economic Journal 144 

and the Market Observation Post System. The data could be classified into two categories: 145 

information about derivatives usage and the financial ratios of listed companies. The subjects 146 

investigated were 29 listed construction material suppliers, including seven cement suppliers and 147 

22 steel suppliers. The criterion for designating a company as a construction material supplier was 148 

based on whether it provides the market with cement, steel, shape steel and other construction 149 

materials. The period of study was from 2005 to 2014, based on the season as the unit of time. 150 

Information about firm derivatives usage was obtained from Market Observation Post System, 151 

while firm financial ratio data was drawn from the Taiwan Economic Journal. If a firm or its 152 

subsidiary used derivatives in any month of a season, it was considered to have used derivatives. 153 

Financial data over the course of the last decade was employed in this study to investigate the 154 

relationship between the most recent use of derivatives by construction material suppliers and 155 

financial ratios.  156 

 157 

Grey System Analysis for Derivatives Usage 158 

Grey System Theory can be used when information about a system is not certain or sufficient, or 159 

the data is unavailable. This theory has six key aspects, namely Grey Generating (GG), grey 160 

relational analysis (GRA), grey model construction (GMC), grey prediction (GP), grey decision 161 

making (GDM), and grey control (GC) (Wen, 2007). This study applies GG to process the collected 162 

data, GRA to measure the relational grade of derivatives usage with financial indexes, and then 163 

GDM to determine when the use of derivatives should commence. These three methods are 164 
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presented in more detail in the following sections. 165 

 166 

Grey Generating 167 

The heart of GG is transforming the original data 
0 ( )nx k   into

* ( )nx k   in order to reduce the 168 

randomness of the data and increase its visibility. There are some methods for executing GG. 169 

According to Zhang (2000), the appropriate transformation method to use will depend on the 170 

characteristics of the original data. Namely: 171 

(1) For certain factors, if the value is the-larger-the-better, the transformation formula is as follows: 172 

 ( )
( )

( )

0

*

0

 
max

i

i

i
all i

x k
x k

x k
=   (1) 173 

 174 

(2) For other certain factors, if the value is the-smaller-the-better, the transformation formula is as 175 

follows: 176 
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 178 

(3) For other factors, if the value is the-closer-to-the-desired-value-the-better, the transformation 179 

formula is as follows: 180 
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Where 182 
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𝑥𝑖
∗(𝑘) is the sequence generated by GG; 𝑥𝑖

0(𝑘) is the original sequence corresponding to 𝑥𝑖
∗(𝑘); 183 

𝑚𝑎𝑥
𝑎𝑙𝑙 𝑖

𝑥𝑖
0(𝑘) is the maximum of the original sequence; 𝑚𝑖𝑛

𝑎𝑙𝑙 𝑖
𝑥𝑖

0(𝑘) is the minimum of the original 184 

sequence, and 𝑂𝐵 is the desired value. 185 

 186 

Grey Relational Analysis 187 

GRA is a method for analyzing the relational grade of discrete sequences. It can indicate the 188 

relationships between samples and reveal the features of a system even when the number of 189 

observations in a sample is not abundant. In this study, GRA is employed to analyze the 190 

relationship of derivatives usage and financial ratios. The general calculation steps for GRA are as 191 

follows: 192 

1. Selecting the Reference Sequence 193 

Generated by GG, 𝑥𝑖
∗(𝑘) can be used for GRA, which can include the overall 𝑥𝑖

∗(𝑘) or a local 194 

one. The reference sequence for overall GRA is every sequence 𝑥𝑖
∗(𝑘) ; while the reference 195 

sequence for local GRA is just one selected sequence. In this study, local GRA is employed. Let 196 

𝑥0
∗ and 𝑥𝑖

∗ represent the reference sequence and the comparison sequences respectively. Among 197 

which, the reference sequence 𝑥0
∗ is generated by the set of ideal object values of all the factors 198 

via GG. 199 

2. Calculating the Grey Relational Distance Value 200 

Grey relational distance value 𝛥𝑜𝑖 is the k-th absolute difference between 𝑥0
∗ and 𝑥𝑖

∗. That is,  201 

 ( ) ( )* *

0oi ix k x k = −   (4) 202 

The maximum and minimum of Δoi are denoted by 𝛥𝑚𝑎𝑥 and 𝛥𝑚𝑖𝑛 respectively: 203 
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max max( )oi =    (5) 204 

 
min min( )oi =    (6) 205 

 206 

3. Calculating Grey Relational Coefficient 207 

According to Deng (1989), the grey relational coefficient 𝛾 (𝑥𝑖(𝑘), 𝑥𝑗(𝑘)) can be obtained on the 208 

basis of the grey relational distance value 𝛥𝑜𝑖 and its maximum and minimum. The calculation 209 

formula is as follows: 210 

 ( ) ( )( ) min max

max

,
oi

i jx k x k





 + 

 + 
=   (7) 211 

 212 

Where 213 

𝜁 ∈ (0,1) is the distinguished coefficient. Its aim is to adjust the correlation between the measured 214 

value 𝛥𝑖𝑗 and the background value 𝛥𝑚𝑎𝑥. The different 𝜁 will result in different grey relational 215 

coefficients and in turn result in different grey relational grades. In spite of this, these differing 216 

values do not change the order of grey relational grades. Therefore, in this study 0.005 is adopted 217 

as the distinguished coefficient so as to make the difference between the maximum and minimum 218 

of grey relational grades the largest, enabling the grey relational grades of the financial indexes to 219 

be more clearly distinguished.  220 

 221 

4. Calculating Grey Relational Grade 222 

According to Deng (1989), the grey relational grade 𝛤 is the average of the grey relational 223 
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coefficients. The formula is as follows: 224 

 ( ) ( )( )
1

1
,

n

ij i j

k

x k x k
n


=

 =    (8) 225 

 226 

Grey Decision Making 227 

Grey decision making entails selecting the best solution from alternatives via particular methods 228 

based on some information, experience, objective conditions, and environment so as to achieve 229 

one or several specific goals. By the data adopted, this study employs grey situation decision 230 

making (GSDM) as the decision method to select the good examples of the firms. 231 

According to Deng (1987a), the Grey Situation 𝑆𝑖𝑗  is the combination of Event 𝑎𝑖  and 232 

Game 𝑏𝑗, meaning that the latter is employed to deal with the former. Hence,  233 

 ( , )ij i jS a b=   (9) 234 

 235 

The perspective of assessing the situation effect (or game effect) is represented as Target 𝑝. Then 236 

the sample effect of Game 𝑏𝑗 (to deal with Event 𝑎𝑖) in Target 𝑝 could be denoted as 𝑢𝑖𝑗
𝑝

. Let 237 

M be map, and 𝑟𝑖𝑗
𝑝
 be the image of 𝑢𝑖𝑗

𝑝
 under M, that is, 𝑀(𝑢𝑖𝑗

𝑝
) = 𝑟𝑖𝑗

𝑝
. Let the whole of 𝑢𝑖𝑗

𝑝
 be 238 

𝑢𝑝, that of 𝑟𝑖𝑗
𝑝
 be 𝑟𝑝 and 𝑋+ be Positive Polar Space. M meets the following condition:  239 

(1) 𝑀(𝑢𝑖𝑗
𝑝

) = 𝑟𝑖𝑗
𝑝

∈ 𝑟𝑝 → 𝑟𝑖𝑗
𝑝

∈ [0,1]; 240 

(2) 𝑟𝑖𝑗
𝑝

∈ 𝑋+. 241 

 242 

For Situation 𝑆𝑖𝑗 , if there are ℓ  Targets, that is, 𝑝 = 1,2, … , ℓ , under the corresponding M, 243 
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𝑀(𝑢𝑖𝑗
𝑝

) = 𝑟𝑖𝑗
𝑝
 , that is, 𝑟𝑖𝑗

1  , 𝑟𝑖𝑗
2  ,,, 𝑟𝑖𝑗

ℓ  , a certain integrated value can be represented as 𝑟𝑖𝑗
Σ , for 244 

example, 245 

 
Σ

p 1

1 p

ij ijr r
=

=    (10) 246 

 247 

According to the above definition, the measure vectors (sequence) of some combined effects can 248 

be denoted as 𝑟𝑖
Σ, namely,  249 

 
Σ Σ Σ Σ

1 2, , ,i i i imr r r r =     (11) 250 

 251 

For this study, the steps for GSDM are as follows: 252 

1. Determine the sample value of alternatives.  253 

The 28 financial indexes (shown in Table 2) collected from Taiwan Economic Journal are 254 

employed in this study. 255 

2. Define the event, game, situation, target, and sample. 256 

Event: Financial statuses of construction material suppliers; 257 

Game: 621 alternatives of the selected firms in the selected seasons; 258 

Situation: 621 alternatives in the financial status of each of the construction material suppliers; 259 

Target: 28 financial indexes. 260 

3. Process the samples via GG. 261 

The processing method used is as described by Zhang (2000). 262 

4. Make the decision. 263 
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The formula for the decision index is as follows: 264 

 
Σ

p 1

1 p

ij ijr r
=

=    (12) 265 

 266 

Empirical Research 267 

The grey system theory is built to analyze data that do not meet normal distribution. Validating the 268 

approach has been given in Deng’s study (Deng 1989). According to the above, we conducted 269 

GRA to identify the relationship of derivatives usage and financial development and GDM to 270 

suggest when to use derivatives based on the data of 29 listed companies from 2005 to 2014. This 271 

section demonstrated the tool’s utility using financial indexes and five forces analysis. 272 

 273 

Grey Relational Analysis of 28 Financial Indexes to Derivatives Usage 274 

Based on the collected data, the grey relational grades of the 28 financial ratios to derivatives usage 275 

were obtained by performing GRA as detailed above and as shown in Table 3.  276 

    Among all the financial ratios, the grey relational grades of operation expenses ratio, debt 277 

ratio, ratio of fixed assets to total assets and fixed ratio to derivatives usage are much smaller than 278 

that of the other financial indexes, which means the relationship between those four financial 279 

indexes and derivatives usage is not so close. Thus there appears to be a value that could be used 280 

to distinguish between a high or low relationship between the grey relational grade of the ratio of 281 

net worth to total assets and that of operation expenses ratio. In this study, 0.9 is selected as the 282 

relational grade threshold of the 28 financial indexes. Specifically, when the grey relational grade 283 
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is over 0.9, the relationship is considered to be high. Otherwise, it is deemed a low relationship. 284 

Based on this definition, among the 28 financial indexes, the relationship of the 4 financial indexes 285 

listed above is low and that of the others is high, which lays the foundation for assessing when to 286 

start to use derivatives based on the level of the financial ratios in the following section.  287 

    Among the four financial indexes with a low relationship with derivatives usage, the low grey 288 

relational grade of operation expenses ratio means that derivatives usage is not related to operation 289 

expenses ratio so much. It could be inferred that derivatives usage will not have much of relation 290 

with the ratio of operation expenses to profit. Debt ratio represents the relationship between total 291 

debts and total assets and can be used for evaluating the presence of a potential financial crisis. 292 

The low relationship between derivatives usage and debt ratio implies that the former won’t 293 

markedly concern with the latter, and thus having little connection with on a prospective financial 294 

crisis. 295 

    When the ratio of fixed assets to total assets is big, the flexibility of a firm’s funds is limited. 296 

The low grey relational grade shows that the function of derivatives usage has nothing to do with 297 

the ratio of fixed assets to total assets and thus does not observably correlate with the flexibility of 298 

funds either. The fixed ratio, as the ratio of net fixed assets to owners' equity, indicates the 299 

investment scale and solvency of a firm. The more fixed assets are, the fewer current assets are 300 

available for fulfilling long-term financial obligations, thus diminishing solvency. Therefore, the 301 

low relational grade demonstrates derivatives usage has a little connection with fixed assets, 302 

solvency, or the ratio of net fixed assets to owners’ equity. 303 

    On the basis of the formula of debt ratio, the ratio of fixed assets to total assets, and fixed 304 
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ratio, when fixed assets or debts appeared as the numerator of a financial index, its relational grade 305 

was low. It could be reasoned that a firm’s fixed asset composition and the number of debts were 306 

not highly relevant to derivatives usage. 307 

 308 

Grey Relational Analysis of the Financial Five Forces to Derivatives Usage 309 

To facilitate the leaders who may put emphasis on the firms’ profitability or another aspect, this 310 

study conducted grey relational analysis of the financial five forces to derivatives usage. Drawing 311 

upon several previous studies, this study classified the 28 financial indexes into the financial five 312 

forces. The grey relational grade of the financial five forces to derivatives usage could be obtained 313 

by calculating the average relational grade of the corresponding financial indexes contained in the 314 

financial five forces respectively, as shown in Table 3. 315 

    Among the five forces, the grey relational grade of stability is far lower than that of other four 316 

forces. Stability is an index that represents whether the operation of a firm is stable, the operations 317 

scheduling is reasonable, the financial structure is reasonable, and the solvency is adequate. It is 318 

very risky for a firm to have low stability even if profitability is high. Therefore, stability is the 319 

foundation of a firm’s sustainable development. The low average grey relational grade indicates 320 

that derivatives usage has nothing to do with stability, which meant nothing to do with the grade 321 

of stability and on solvency. Thus, it could be concluded that derivatives usage would not 322 

contribute to a firm’s unsustainable development markedly. 323 

 324 

Grey Decision Making Based on Financial Indexes 325 
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Based on the relationship of derivatives usage to each financial ratio or five forces revealed by 326 

GRA, GDM was conducted based on financial indexes to indicate the proper financial conditions 327 

of construction material suppliers for derivatives usage. After calculating and classifying the 328 

decision index 𝑟𝑖𝑚
Σ , it was found that the value of the decision index 𝑟𝑖𝑚

Σ  ranged in three intervals, 329 

[0.3621, 0.1539], [-0.003, -3.4238] and [-20.9947, -51.8356]. In the first interval, there were 9 330 

games bj that could be regarded as the best status for the firms’ financial condition and then the 331 

outstanding examples to other suppliers and they all had taken advantage of derivatives; In the 332 

second interval, there were 603 games, in which firm financial status was neither the best nor the 333 

worst; In the third interval, there were 9 games that could be regarded as the worst status and the 334 

counter examples for other firms and they hadn’t used derivatives. According to the comparison 335 

of the firms with the best financial status and those with the worst status in each interval, it could 336 

be concluded that it was practically meaningful for firms’ financial status to make use of 337 

derivatives. 338 

 339 

Grey Decision Making Based on Financial Five Forces 340 

In this section, grey decision making was employed to determine when firms emphasized different 341 

financial five forces. The averages of each financial ratio under the best financial conditions were 342 

calculated to suggest the proper level of financial ratios, shown in Table 4. 343 

    Like GDM based on all financial indexes, the decision index values 𝑟𝑖𝑚
Σ  of GMD for the 344 

stability force ranged in three intervals [0.747, 0.674], [-0.438, -9.472] and [-65.503, -161.751], 345 

with all the games in the first interval having used derivatives, while those in the third did not 346 
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include derivatives usage. Hence, the analysis indicated that it is advantageous for firms that placed 347 

emphasis on stability to use derivatives. Then the average of each ratio of games in the first interval 348 

and that of each ratio of all games were calculated respectively. The average of current ratio of the 349 

games with the best status was 476.88, over two times larger than that of all games, while the 350 

average of quick ratio of the games with the best status was 286.85, about three times larger than 351 

that of all games. Whether the financial status was the best or average, the current ratio was greater 352 

than the quick ratio. Taking into account the differences in definitions between current ratio and 353 

quick ratio, it was supposed that firms with better financial status had more inventories, 354 

prepayments, and deferred expenses. 355 

    For productivity, the financial status of the first 100 games was the best, of which all had 356 

adopted derivatives, while that of the last 100 games was the worst, of which 91 games did not 357 

include derivatives. This strongly suggested that it was beneficial to introduce derivatives to firms 358 

that put an emphasis on productivity. After taking the average of each financial index of the first 359 

100 games and that of all games as the comparison criterion, it could be seen that when ROA 360 

before tax, interest, and depreciation was 3.44, over 3 times larger than the average value of all 361 

games 0.97, the financial status was the best; when ROA after tax and before interest was 2.25, 362 

about 3 times larger than the average value of all games 0.69, the financial status was also the best. 363 

The difference was not so large for either under the best status (0.52) or that of the average (0.27). 364 

The difference between these two indexes was whether depreciation was considered or not, so we 365 

could believe that depreciation was similar for all firms. But a bit larger difference of these two 366 

indexes under the best status implied the firms with better financial status tended to improve their 367 
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production tools sustainably, resulting in more depreciation. 368 

    For growth, like productivity, the evidence also indicated that it was beneficial to employ 369 

derivatives for firms that focused on growth. After comparing the four growth ratios under the best 370 

status with each of their averages, it could be found that the firms with better financial status paid 371 

more attention to the growth of retained net profit than to operation revenue and manifest greater 372 

growth in profit, but they also were faced with the heavier tax pressure. 373 

    As seen with productivity, the evidence suggested that derivatives were useful for firms 374 

emphasizing profitability. Comparing the six ratios under the best status with the respective 375 

averages, it could be inferred that the difference of the ratio of operating profit to employed capital 376 

and ratio of net pre-tax profit to employed capital with the best financial status (9.14 and 9.61 377 

respectively) was bigger than that of the averages of these two indexes (2.66 and 2.73 respectively). 378 

The difference between these two indexes resulted from non-operating gains and losses, like 379 

investment income and loss, which were not brought by firms’ operation. The bigger difference of 380 

the two indexes with the best status than that of the average of the two indexes implied that firms 381 

with better financial status had more non-operating gains and losses, meaning that they were more 382 

likely to conduct some non-operating activities than firms with worse status. So we could conclude 383 

firms with better financial status put more emphasis on non-operating activities than firms with 384 

worse status. 385 

    The benefit of making use of derivatives was also evident for firms that put an emphasis on 386 

activity. Compared to the average of each of the five ratios of the first 100 best games, the five 387 

ratios value under the best status was not much bigger, except for accounts receivable turnover. 388 
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When accounts receivable turnover was 5.99, much greater than the average 3.33, the financial 389 

status was the best. Thus it was recommended that accounts receivable turnover should be six and 390 

concluded that the firms with better financial status would put more emphasis on accounts 391 

receivable turnover, which indicated the liquidity and management level of accounts receivable. 392 

 393 

Conclusion 394 

Derivatives, as a commonly used risk hedging tool, need to be used at a proper time to make the 395 

fullest possible contributions. In general, their usage relies on experienced experts, who are too 396 

expensive to be hired by some construction materials suppliers. To tackle this problem, we 397 

analyzed the relationship between derivatives usage and financial status combined with financial 398 

five forces by applying grey relational analysis, using the data on seven cement suppliers and 22 399 

steel suppliers from 2005 to 2014. According to the grey relational grade of the 28 ratios, it was 400 

found that in terms of the 28 selected ratios, for the operation expenses ratio, debt ratio, ratio of 401 

fixed assets to total assets and fixed ratio, there was a low relationship to derivatives usage, and 402 

for the five forces, only stability was not much relevant to derivatives usage. Then grey decision 403 

making was applied to determine the proper conditions for optimal use. The game results 404 

demonstrated that suppliers in better financial condition would choose to use derivatives whether 405 

they pursued comprehensive finance improvement or emphasized one of the financial five forces. 406 

Moreover, the optimum level of the 28 financial ratios was suggested to reach the best financial 407 

status and it was proved that the approach, the combination of financial ratios and grey system 408 

theory, was less subjective than experts’ recommendation and effective to guide firms to use 409 
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derivatives at a proper moment, especially for some small- to medium- firms which lack 410 

experienced experts. And it also could provide these firms with some specific and helpful 411 

guidelines for companies’ development. 412 

    One limitation of this study is that this study only analyzed listed construction material 413 

suppliers. Thus future research could focus on derivatives usage for suppliers of other material, 414 

unlisted firms, or firms in other fields, such as construction companies. Moreover, this method just 415 

examined statistical relationships but it is unsuitable to investigate causality. Future studies that 416 

delve deeper into analyzing specific causal interactions could provide additional useful insight. 417 

 418 
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Table 1. The selected financial ratios 620 

Financial Ratio Formula References 

Ratio of net pre-tax profit to 

employed capital 

Ratio of net pre-tax profit to employed capital 

=ratio of net pre-tax profit to employed capital 

=net pre-tax profit /(common stock + preferred 

stock + stock received in advance +reserve for 

capital increment)×100% 

Wang and Lee (2008) Jung and 

Hwang (2011), Malíková and 

Brabec (2012) 

Net pre-tax profit ratio 
Net pre-tax profit ratio＝net operation pre-tax 

income / net operation revenue×100% 

Wang and Lee (2008), Öcal et 

al.(2007), Wang(2008) Wang 

and Lee(2010) 

Gross operating margin ratio Gross operating margin ratio＝operating 

margin / operation revenue×100% 

Wang and Lee (2008), 

Klingenberg et al. (2013), Kung 

and Wen (2007), Öcal et al. 

(2007), Wang (2008), Chen and 

Du (2009), Delen et al. (2013) 

Wang and Li(2007) 

Ratio of operating profit to 

employed capital 

Ratio of Operating profit to employed capital 

= operation income /(common stock + 

preferred stock + stock received in advance 

+reserve for capital increment)×100% 

Wang and Lee (2008), Bae  

(2012), Malíková and Brabec 

(2012) 

Operation profit ratio Operation profit ratio＝operating margin / net 

operation revenue×100% 

Lee et al.(1996), Wang and 

Lee(2008), Xu et al. (2014), 

Delen et al. (2013) Wang and 

Lee (2010) 

Operation expenses ratio Operation expenses ratio＝operation cost / net 

operation revenue×100%  

Wang and Lee (2008), Xu et al. 

(2014), Delen et al. (2013) 

Interest coverage ratio Interest coverage ratio＝net profit before 

income tax and interest expense / current 

interest expense 

Mayers et al. (1982), Gay and 

Nam (1998), Xu et al. (2014), 

Chen (2011), Delen et al. 

(2013), Pech et al. (2015) Wang 

and Li (2007) 

Fixed ratio Fixed ratio＝net fixed assets / owners' 

equity×100% 

Wang and Lee (2008), Öcal et 

al. (2007), Wang (2008), Wang 

and Lee (2010) 

Ratio of fixed assets to total 

assets 
Ratio of fixed assets to total assets＝fixed 

assets / total assets×100% 

Öğüt (2012), Chen and Du 

(2009), Chen (2011) 

Current ratio Current ratio＝current assets / current 

liabilities×100% 

Nance et al. (1993), Wang and 

Lee(2008), Kung and Wen 

(2007), Mate-Sanchez (2012), 

Öcal et al. (2007), Wang (2008), 

Chen and Du (2009), Chen 

(2011), Lin et al. (2011), Jung et 

al. (2011), Yee and Cheah 

(2006) 

Debt ratio Debt ratio＝total liabilities / total assets×100% Wang and Lee (2008), Kung and 

Wen (2007), Öğüt (2012), Mate-

Sanchez (2012), Xu et al.(2014), 

Wang (2008), Chen and Du 

(2009), Chen (2011), Lin et al. 

(2011), Delen et al. (2013) , 

Jung et al. (2011) 

Ratio of net worth to total 

assets 

Ratio of net worth to total assets = net worth / 

total assets 

Kung and Wen (2007) 
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Ratio of net worth to fixed 

assets 
Ratio of net worth to fixed assets＝net worth / 

fixed assets×100% 

Pech et al.(2015) 

Quick ratio Quick ratio＝quick assets / current 

liabilities×100% 

Kung and Wen (2007), Öcal et 

al. (2007), Wang(2008), Delen 

et al. (2013), Wang and Li 

(2007) 

Inventory turnover Inventory turnover＝sales (operating) cost / 

average inventory 

Average inventory = (beginning inventory + 

ending inventory) / 2 

Klingenberg et al. (2013), Öcal 

et al. (2007), Xu et al. (2014), 

Chen and Du (2009), Chen 

(2011), Delen et al. (2013) 

Wang and Li (2007) 

Fixed asset turnover Fixed asset turnover＝net product sales 

revenue / average net fixed assets 

Average net fixed assets＝(net beginning fixed 

assets + net ending fixed assets)/2 

Wang and Lee(2008), Öcal et 

al.(2007) Xu et al.(2014), Wang 

(2008), Chen and Du (2009), 

Chen (2011), Delen et al. (2013) 

Wang and Li (2007) 

Turnover of capital Turnover of capital＝net operating income / 

average owners' equity 

Average owners' equity = (beginning owners' 

equity + ending equity owner) / 2 

Wang and Lee(2008), 

Öğüt(2012), Öcal et al.(2007), 

Chen and Du (2009), Chen 

(2011), Delen et al. (2013) 

Wang and Li (2007) 

Accounts receivable 

turnover 
Accounts receivable turnover＝net operating 

income / average accounts receivable 

Average accounts receivable = (beginning 

accounts receivable + ending accounts 

receivable) / 2 

Gombola (1987), Nance et al. 

(1993), Öcal et al. (2007), Xu et 

al.(2014), Chen and Du (2009), 

Chen (2011), Delen et al. (2013) 

Wang and Li (2007) 

Total assets turnover Total assets turnover＝net operating income / 

average total assets 

Average total assets = (beginning total assets + 

ending total assets) / 2 

Wang and Lee (2008), 

Klingenberg et al. (2013), Mate-

Sanchez (2012), Öcal et al. 

(2007), Xu et al. (2014), Wang 

(2008), Chen and Du (2009), 

Chen (2011), Delen et al.(2013) 

Wang and Li (2007) 

Growth ratio of retained net 

profit 
Growth ratio of retained net profit＝(current 

retained net profit - retained net profit in the 

same period last year)/ retained net profit at 

the same period last year ×100% 

Xu et al. (2014) 

Growth ratio of net pre-tax 

profit ratio 
Growth ratio of net pre-tax profit ratio＝
(current net pre-tax profit - net pre-tax profit in 

the same period last year)/ net pre-tax profit in 

the same period last year×100% 

Kung and Wen (2007),  Öcal et 

al. (2007) Chen (2011) 

Growth ratio of net post-tax 

profit ratio 
Growth ratio of net post-tax profit ratio＝
(current net post-tax profit - net post-tax profit 

in the same period last year)/ net post-tax 

profit in the same period last year×100% 

Kung and Wen (2007) 

Operation revenue growth 

ratio 
Operation revenue growth ratio＝(current 

operation revenue / operation revenue in the 

same period last year -1)×100% 

Kung and Wen (2007), Öcal et 

al. (2007), Xu et al. (2014), 

Chen and Du (2009), Chen 

(2011), Delen et al. (2013) 

Wang and Li (2007) 

Post-tax pre-interest ROA Post-tax pre-interest ROA＝(retained net 

profit＋interest expense×(1- tax rate))/ average 

assets×100%  

Avkiran (2011), Kung and Wen 

(2007) Xu et al. (2014) 

Post-tax pre-interest pre- Post-tax pre-interest pre- depreciation ROA＝ Avkiran (2011), Kung and Wen 
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depreciation ROA post-tax pre-interest pre- depreciation retained 

profit / average assets×100%  

(2007), Xu et al. (2014) 

Pre-tax pre-interest pre-

depreciation ROA 
Pre-tax pre-interest pre-depreciation ROA＝
pre-tax pre-interest pre-depreciation retained 

profit / average assets×100% 

Xu et al.(2014), De Franco et al. 

(2011) Wang and Li(2007)  

Post-tax ROE Post-tax ROE＝net post-tax profit / 

shareholders' equity 

Kung and Wen (2007) Kwag 

and Kim (2013) 

ROE of retained profit ROE of retained profit＝post-tax retained 

profit / shareholders' equity 

Kwan and Kim (2013) 
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Table 2. The characteristics of the 28 financial indexes 623 

Financial Indexes Characteristic Financial Indexes Characteristic 

Ratio of net pre-tax profit to 

employed capital 

The-larger-the-better Inventory turnover The-larger-the-better 

Net pre-tax profit ratio The-larger-the-better Fixed asset turnover The-larger-the-better 

Gross operating margin ratio The-larger-the-better Turnover of capital The-larger-the-better 

Ratio of Operating profit to 

employed capital 

The-larger-the-better Accounts receivable turnover The-larger-the-better 

Operation profit ratio The-larger-the-better Total assets turnover The-larger-the-better 

Operation expenses ratio The-smaller-the-better Growth ratio of retained net 

profit 

The-larger-the-better 

Interest coverage ratio The-larger-the-better Growth ratio of net pre-tax 

profit ratio 

The-larger-the-better 

Fixed ratio The-smaller-the-better Growth ratio of net post-tax 

profit ratio 

The-larger-the-better 

Ratio of fixed assets to total 

assets 

The-smaller-the-better Operation revenue growth 

ratio 

The-larger-the-better 

Current ratio The-larger-the-better Post-tax pre-interest ROA The-larger-the-better 

Debt ratio The-smaller-the-better Post-tax pre-interest pre- 

depreciation ROA 

The-larger-the-better 

Ratio of net worth to total 

assets 

The-larger-the-better Pre-tax pre-interest pre-

depreciation ROA 

The-larger-the-better 

Ratio of net worth to fixed 

assets 

The-larger-the-better Post-tax ROE The-larger-the-better 

Quick ratio The-larger-the-better ROE of retained profit The-larger-the-better 
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Table 3. The grey relational grade of the financial ratios and financial five forces to derivatives 626 

usage 627 

Financial Five 

Force 
Financial Ratio 

Grey 

Relational 

Grade of 

Financial 

Ratio 

Financial 

Ratio 

Ordering 

Average Grey 

Relational 

Grade of 

Financial Five 

Force 

Financial 

Five 

Force 

Ordering 

Profitability 

Ratio of net pre-tax profit to 

employed capital 
0.9760 14 

0.9296 4 

Net pre-tax profit ratio 0.9599 6 

Gross operating margin ratio 0.9790 23 

Ratio of Operating profit to 

employed capital 
0.9787 10 

Operation profit ratio 0.9790 9 

Operation expenses ratio 0.7005 25 

Stability 

Interest coverage ratio 0.9995 1 

0.7823 5 

Fixed ratio 0.3193 28 

Ratio of fixed assets to total assets 0.4884 27 

Current ratio 0.9775 12 

Debt ratio 0.5901 26 

Ratio of net worth to total assets 0.9238 24 

Ratio of net worth to fixed assets 0.9727 16 

Quick ratio 0.9869 5 

Activity 

Inventory turnover 0.9739 15 

0.9676 3 

Fixed asset turnover 0.9710 17 

Turnover of capital 0.9602 22 

Accounts receivable turnover 0.9701 18 

Total assets turnover 0.9626 21 

Growth 

Growth ratio of retained net profit 0.9989 2 

0.9943 1 

Growth ratio of net pre-tax profit 

ratio 
0.9989 3 

Growth ratio of net post-tax profit 

ratio 
0.9962 4 

Operation revenue growth ratio 0.9831 7 

Productivity 

Post-tax pre-interest ROA 0.9802 8 

0.9737 2 

Post-tax pre-interest pre- 

depreciation ROA 
0.9643 20 

Pre-tax pre-interest pre-

depreciation ROA 
0.9689 19 

Post-tax ROE 0.9769 13 

ROE of retained profit 0.9783 11 
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Table 4. The suggested level of the financial ratios 630 

Financial Five 

Force 
Financial Ratio 

Average of Ratio Level 

under the Best Status 

Average of Ratio 

Level of All Games 

Suggested 

Ratio Level  

Profitability 

Ratio of net pre-tax profit 

to employed capital 
9.61 2.73 9.6 

Net pre-tax profit ratio 13.78 2.50 13.8 

Gross operating margin 

ratio 
17.14 7.03 17 

Ratio of Operating profit 

to employed capital 
9.14 2.66 9.1 

Operation profit ratio 10.10 2.14 10 

Operation expenses ratio 7.55 4.94 7.6 

Stability 

Interest coverage ratio 70.47 220.74 70 

Fixed ratio 0.04 0.32 0.04 

Ratio of fixed assets to 

total assets 
0.04 0.35 0.04 

Current ratio 476.88 191.72 477 

Debt ratio 8.35 49.24 8.4 

Ratio of net worth to total 

assets 
0.92 0.51 0.9 

Ratio of net worth to fixed 

assets 
18.27 -46.51 18 

Quick ratio 286.85 94.54 287 

Activity 

Inventory turnover 1.16 1.20 1.2 

Fixed asset turnover 1.24 0.94 1.2 

Turnover of capital 5.99 3.33 6 

Accounts receivable 

turnover 
0.34 0.25 0.3 

Total assets turnover 0.88 0.55 0.8 

Growth 

Growth ratio of retained 

net profit 
639.83 181.44 640 

Growth ratio of net pre-

tax profit ratio 
269.51 -23.71 269.5 

Growth ratio of net post-

tax profit ratio 
-31.72 -138.08 -32 

Operation revenue growth 

ratio 
5.83 5.13 5.8 

Productivity 

Post-tax pre-interest ROA 2.25 0.69 2.2 

Post-tax pre-interest pre- 

depreciation ROA 
2.79 0.96 2.8 

Pre-tax pre-interest pre-

depreciation ROA 
3.44 0.97 3.4 

Post-tax ROE 4.21 0.97 4.2 

ROE of retained profit 4.14 0.62 4.1 
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