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Abstract: Using an appropriate measure to assess firms’ performance is essential. We analyzed
inventory turnover (IT) as a performance measure in manufacturing processes because IT ratios are
critical in the manufacturing industry and publicly available objective measures. Using the data of
421 manufacturing companies in Korea from 2010 to 2018, we conducted an extensive analysis of
the factors affecting IT by segment and its correlation with other financial ratios. Then, we compare
performances between the top and bottom companies determined by Altman’s Z score approach.
We found that, for the overall manufacturing industry, IT ratios were negatively correlated with
gross margin and debt cost, but positively correlated with capital intensity, although the results
varied by segment. Moreover, IT ratios did not show significant correlations with other financial
ratios categorized for growth, profitability, stability, productivity, and value of companies. However,
adjusted IT (AIT) can be a good indicator of firms’ performance in terms of financial sustainability.
Results also revealed that the top 10% companies showed higher AIT ratios than the bottom 10% in
most segments of the manufacturing industry. The analysis of this study can be a starting point to
search for a composite index to evaluate manufacturing processes comprehensively.
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1. Introduction

As the competition among supply chains becomes fiercer and more customers voiced their
concerns regarding the firms’ operations, many people emphasize the importance of companies’
social responsibilities. Companies have to manage economic, environmental, and social issues while
making profits [1,2]. They must pursue long-term business achievement rather than short-term
financial performances; thus, sustainability should also be deliberated when assessing their operational
performances. Sustainability subjects have been discussed usually in an environmental context, but
in this study we use the terms corporate sustainability or financial sustainability referring to a firm’s
ability to maintain its long-term operations.

In management, both in academics and practice, measuring the performance of processes has
always been a major task, as it is necessary for monitoring whether companies operate successfully.
If the measure of process performances is appropriate, we may be able to compare a firm’s present
performance with its past or evaluate its competitiveness in the industry, eventually leading to strategic
methods for improvement.

In general, some financial measures (e.g., sales, operating profit, and market value) or the measures
commonly known as competitive priorities (e.g., cost, quality, delivery, and flexibility) have been used.
Questions arise whether or not these are appropriate measures. What, then, can be an objective and
publicly available index to properly measure the performance of manufacturing processes indicative
of corporate sustainability?

Traditionally, manufacturing-related performance indicators provided information on productivity
and included throughput, cost, and quality [3]. Henao et al. [4] reviewed 29 papers regarding lean
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manufacturing and categorized performances into four: Operational, environmental, social, and
sustainable performances. Several indicators have also been proposed for sustainability performance
measurement [5]. In particular, OECD (Organization for Economic Cooperation and Development)
has provided a so-called toolkit to assess the operations of sustainable manufacturing processes, and
these indicators include water intensity, energy intensity, and renewable proportion of energy, among
others [6]. Sustainable operations tend to focus on environmental criteria in some existing literatures
including [7] those that evaluate the environmental sustainability performance based on energy and
materials metrics.

Although environmental issues are critical in discussing sustainable manufacturing operations,
obtaining objective information about the firms’ environmental performances and quantifying related
indices are challenging tasks. Therefore, in this study, we used a performance indicator to evaluate
the sustainable manufacturing processes besides environmental elements. Considering that the
manufacturing processes produce items, we aimed to analyze an inventory-related measure, that is,
inventory turnover ratios that can be obtained from public financial statements, because inventory is
one of the most important factors in the manufacturing industry.

Relevant studies have proposed indicators including inventory-related variables. Among the
260 articles from 1969 to 2000 on manufacturing strategies, 14 articles focused on performance
measurement [8]. For example, Sakakibara et al. [9] presented inventory turnover, cycle time, lead
time, and on-time delivery rate as four quantitative variables measuring manufacturing performance.
Meanwhile, Okudan and Akman [10] computed, through analytic hierarchy process methodology, the
weights of manufacturing performance in terms of cost, quality, delivery, and flexibility; moreover,
they asserted that cost and quality gain higher weights than the others. Inventory was considered part
of costs. Using data envelopment analysis, Leachman et al. [11] suggested a composite performance
index consisting of manufacturing expenditures as inputs and vehicle production volume and vehicle
field performance as outputs. In their regression analysis, inventory turnover ratios were positively
related to manufacturing performance significantly at 10% level.

Inventory has actually been a frequently used measure of manufacturing processes. For example,
Danese and Bortolotti [12] used the unit cost of manufacturing and inventory turnover to measure the
efficiency of supply chain integration. Meanwhile, Han et al. [13] used inventory supply and financial
performance as dependent variables in their econometric models to examine the effect of emerging
market penetration. Moreover, Klingenberg et al. [14] considered some financial ratios that included
inventory in the calculation to study the impact of just-in-time practices, namely, inventory to current
assets, inventory turnover, and comparison between current ratio and quick ratio.

In this research, we analyzed inventory turnover as a performance measure of the manufacturing
industry. First of all, inventory turnover is critical in the manufacturing industry because it can tell how
fast the products are moving out of the factory. Higher inventory turnover indicates less cash being
tied up in slow-moving products that are not being sold. In addition, inventory turnover measures
are objective and publicly available from companies’ financial statements. It is also a signal of how
efficiently products are moving along the manufacturing supply chain. Determining the speed of sales
can be a useful benchmark for evaluating firms’ competitiveness. Inventory turnover has been used as
one of the performance measures of operations in past studies [15-19].

Inventory turnover is generally known to be an effective indicator of operational efficiency;
however, Gaur et al. [18] suggested the use of a new empirical measure—adjusted inventory
turnover—for performance comparison across years or across firms, by controlling some variables
affecting inventory turnover ratios of companies. They observed that gross margin, capital intensity,
and sales surprise were the factors influencing the firms’ inventory turnover ratios in the retail industry.
In subsequent work, Gaur and Kesavan [19] found that company size and sales growth rate also
affected inventory turnover ratios of retail companies. Moreover, Han et al. [13] considered gross
margin, capital intensity, firm size, debt cost, and demand uncertainty as control variables for inventory
supply in the manufacturing industry.



Processes 2019, 7, 760 3of11

Using financial data of Korean manufacturing companies from 2010 to 2018, first, we explored
control variables of inventory turnover for each manufacturing segment. Then we investigated its
relationship with other performance measures to verify the universal use of inventory turnover. Finally,
the inventory turnover and adjusted inventory turnover measures were compared between the top
and bottom companies, classified according to Altman’s Z scores.

The remainder of this paper is structured as follows. Section 2 describes the data used in this
study. Section 3 presents the extensive analysis of inventory turnover as a performance measure
of the manufacturing industry. Section 4 discusses the main findings of this research and provides
concluding remarks.

2. Data

The data used in this study were obtained from TS2000 (Total Solution 2000, provided by [20]), an
online database that contains information including financial statements of companies in South Korea.
The database comprised financial statements (such as a balance sheet, an aggregate income statement,
a statement of change in equity, and a statement of cash flows), financial ratios (such as some measures
indicative of growth, profitability, stability, and productivity), and company information (such as
history, size, salary, and stock price). We selected a total of 421 manufacturing companies listed on the
stock exchange and collected their data for 9 years from 2010 to 2018. We used 3515 sets of observed
data for analysis after excluding invalid entries.

The segments of the manufacturing industry were categorized according to the classification
codes designated by National Statistics Korea. Table 1 shows the 12 segments analyzed in this study
with the information about the number of firms, total observations, and minimum/median/maximum
values of inventory turnover in each segment. Inventory turnover measures were extracted from the
data of a financial ratio for firms’ activity. Similar approaches of classifying segments in a certain
industry has been shown in the existing literatures [13,18,19].

Table 1. Inventory turnover by segment of the manufacturing industry.

Segments of Number of Firms (and Total Number of Inventory Turnover
Manufacturing Industry % of the Sample Firms) Observations Min Median Max
1. Food and beverage 32 (7.60%) 280 2.06 9.85 118.12
2. Textile and clothing 26 (6.18%) 223 1.38 4.39 211.69

3. Timber and paper 19 (4.51%) 167 1.06 9.63 27.86
4. Oil and chemical 68 (16.15%) 552 0.62 9.34 65.34
5. Pharmaceutical 38 (9.03%) 310 1.87 5.78 13.03
6. Rubber and plastics 23 (5.46%) 187 3.34 12.47 56.58
7. Nonmetallic mineral 22 (5.23%) 189 1.54 9.20 95.26
8. Metal 53 (12.59%) 463 1.80 5.94 23.55
9. Electronic 36 (8.55%) 291 1.30 10.70 8680.18
lgﬁ?ﬁfﬁ:ﬂe and 48 (11.40%) 400 1.77 873  31,122.65
11. Vehicle 50 (11.88%) 406 2.00 11.72 547.24

12. Furniture and other

products 6 (1.43%) 47 4.10 10.74  3403.75

The measured values used in this study are summarized in Table 2, showing which portion of the
database provided the information.
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Table 2. Measures used in this study.

Measures Category of the Database

Inventory turnover, sales growth rate, cash flow per

share, operating profit per share, cash ratio, debt ratio,
turnover ratio of total liabilities and net worth, labor
cost per worker, productivity of capital, EV, EBITDA

Financial ratios

Assets, total liabilities, total interest expenses, gross
fixed assets, inventory, retained earnings, current Balance sheet
assets, current liabilities

Sales, cost of goods sold Income statement

Note: EV, enterprise value; EBITDA, earnings before interest, taxes, depreciation, and amortization.

3. Analysis of Inventory Turnover Measures

In this section, we analyzed the inventory turnover ratios as a performance measure of the
manufacturing industry. Using the data of manufacturing segments from TS2000, we first conducted a
regression analysis to determine the factors affecting inventory turnover ratios. While controlling these
variables, we investigated the correlations between inventory turnover measures and other financial
ratios. Finally, we compared the adjusted inventory turnover measures between the top and bottom
companies in terms of financial sustainability.

3.1. Regression Analysis

We analyzed an econometric model with three independent variables, namely, gross margin, capital
intensity, and debt cost, and a dependent variable, namely, inventory turnover. The three variables
were chosen after conducting numerous regression implementations with several combinations of
variable candidates. The independent variables for our model are defined as follows:

Sales — Cost of Goods Sold

GM (gross margin) = — "
Gross Fixed Assets

I ital intensity) = ,

CI (capital intensity) Trventory ¥ Gross Fieed ASScs o

DC (debt cost) = Total interest expenses o

Total liabilities

Similar to Gaur et al. [18] who recognized the log-linear relationship between control variables
and inventory turnover, we also found that log-linear regression better suited our model than the linear
regression. The following model was used for the analysis:

logITist = AB(S) + ﬁilogGMist + ﬁ;logCIist + ﬁ;logDCist + Eist (4)

where IT stands for inventory turnover with subscripts for firm 7, segment s, and time (year) .

The regression results are summarized in Table 3. In aggregate, all three measures—gross margin,
capital intensity, and debt cost—affected inventory turnover ratios in the manufacturing industry.
However, differences existed among segments.
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Table 3. Regression analysis coefficients by segment of manufacturing.

50f11

Segment Olf)lsl:lr‘l::tzglis Constant logGM logCI logDC Adjusted R-Square
Total 3515 2.275 ***(0.0516) —0.1117 *** (0.0158) 2.4954 *** (0.0728) —0.0524 *** (0.0082) 0.268
1. Food & beverage 280 2.3564 *** (0.2026) —0.3836 *** (0.0661) 4.206 *** (0.2768) —-0.0314 (0.0312) 0.456
2. Textile & clothing 223 2.1659 *** (0.2694) —0.1345 * (0.0640) 1.3023 *** (0.2326) 0.0625 (0.0405) 0.184
3. Timber & paper 167 2.6827 ***(0.2109) 0.242 ** (0.0693) 4.2661 *** (0.3729) —0.1682 *** (0.0314) 0.533
4. Oil & Chemical 552 2.111 *** (0.1074) —0.0476 (0.0303) 2.0457 ***(0.1332) —0.0909 *** (0.0174) 0.301
5. Pharmaceutical 310 2.3032 *** (0.0829) 0.2691 *** (0.0378) 0.4945 ** (0.1442) 0.0450 ** (0.0121) 0.156
6. Rubber & plastics 187 1.9901 *** (0.1267) —0.3496 *** (0.0538) 2.5776 ***(0.3913) —0.0448 * (0.0187) 0.337
7. Nonmetallic mineral 189 2.1759 *** (0.2649) 0.0189 (0.1287) 3.3038 *** (0.2892) —0.1510 *** (0.0323) 0.414
8. Metal 463 1.9936 *** (0.0986) —0.0366 (0.0336) 1.2332 *** (0.1132) —0.0223 (0.0118) 0.201
9. Electronic 291 2.415 *** (0.2331) 0.0466 (0.0646) 2.5129 ***(0.3418) —0.1364 ** (0.0409) 0.172
10. Machine & equipment 400 2.3467 *** (0.2544) —0.2035 ** (0.0770) 3.9125 *** (0.3711) —0.0812 (0.0424) 0.227
11. Vehicle 406 3.0905 *** (0.1517) —0.1542 ** (0.0495) 4.1357 *** (0.2686) 0.0323 (0.0177) 0.376
12. Furniture & other products 47 0.1838 (0.5072) —1.2914 *** (0.2211) 1.7219 * (0.6541) —0.1465 (0.0894) 0.562

Note: * p < 0.05, * p < 0.01, *** p < 0.0001. GM, gross margin; CI, capital intensity; DC, debt cost Values in parentheses are standard deviation of coefficients.
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Aggregate-level results were consistent with existing literatures [13,18,19]. Inventory turnover
ratios in the manufacturing industry were negatively correlated with gross margin and debt cost, but
positively correlated with capital intensity.

Following Gaur et al. [18], to control the impact of control variables on inventory turnover ratios,
we may use the adjusted measures. For example, adjusted inventory turnover for the food and
beverage manufacturing segment can be computed as

AT = ITisi(GMis) 71 (Clir) 72 (5)

We can avoid under- or over-estimating inventory turnover ratios by using adjusted inventory
turnover (AIT) measures when we evaluate the inventory performance across firms or years.

3.2. Relationship with Other Performance Indices

The database TS2000 provided some financial ratios as performance indicators. By conducting
numerous regression analysis, we searched for the relationship between inventory turnover and other
performance indices provided by the database, in which the financial ratios were categorized by
growth, profitability, stability, activity, productivity, and value of companies.

We chose one or two measures for each category of financial ratios as in Table 4. These measures
were selected because they showed relatively more significant (but not significant in absolute terms)
correlations with inventory turnover among candidates for each category. A correlation analysis
between each measure and the adjusted inventory turnover that controls the variables was conducted
based on the results in Section 3.1.

Table 4. Financial ratios used in this study.

Category of Financial Ratios Measures
Growth Sales growth rate
Profitability Cash flow per share, operating profit per share
Stability Cash ratio, debt ratio
Activity Turnover ratio of total liabilities and net worth
Productivity Labor cost per worker, productivity of capital
Value EV, EBITDA

Note: EV, enterprise value; EBITDA, earnings before interest, taxes, depreciation, and amortization.

Sales growth rate show how much sales have increased and is an indicator of a firm’s growth.
Cash flow per share is the sum of net profit and depreciation divided by the total number of shares.
It measures the profitability of a company along with the measure of operating profit per share.
Meanwhile, cash ratio is the ratio of cash deposit to current liabilities, and debt ratio is the ratio of total
liabilities to gross capital. Both ratios are indicators of a firm’s stability. A higher cash ratio or a lower
debt ratio indicates better financial stability of a company.

Table 5 shows the results of the correlation analysis for the aforementioned measures. We observed
that the results vary by each segment and that the correlation between adjusted inventory turnover and
these ratios was mostly not significant. Although, for some segments, the low-level correlation existed.
For example, the textile and clothing segment showed positive correlation between inventory turnover
and operating profit per share, probably because short shelf life of clothing directly affects profitability.
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Table 5. Correlation with log of inventory turnover (growth, profitability, and stability).

Segment Control Gsrilviih Cash Flow ?,f:fl;:tllfelf Cash Debt
& Variables Per Share Ratio Ratio
Rate Share
1. Food & beverage GM, CI 0.1176 * ~0.0934 ~0.0973 0.0372  —0.0134
2. Textile & clothing GM, CI 0.0517 0.1417 * 0.5479** 00620  0.1351*
3. Timber & paper GM,CL,DC  0.1838* ~0.1303 —00937 0B gse
4. Oil & Chemical CIL, DC 0.2930 ** 0.0173 0.0532 0.0522  0.2786 ***
5. Pharmaceutical GM,CL,DC  0.1285* 0.0563 0.0502 0.0297  —0.0384
6. Rubber & plastics GM,CLDC 03323 ** 0.2545 ** 0.3359** 00634  0.1792*
7. Nonmetallic mineral CIL, DC 0.1476 * -0.0247 0.0890 0.1435*  -0.1076
8. Metal cl 0.0647 ~0.1176 * ~0.0828 0.0324  0.0851
9. Electronic CIL, DC ~0.0014 ~0.0258 -00173  -0.0481  -0.0552
lgﬁ?ﬁfﬁ?ﬁe & GM, CI 0.0375 ~0.0175 ~0.0273 0.0238  -0.0184
11. Vehicle GM, CI 0.2767 ** ~0.0005 0.0100 0.0736  0.1844 **
12. Furniture & other GM, CI 0.0492 ~0.1495 ~0.1210 01809  —0.1818

products

Note: * p < 0.05, ** p < 0.01, *** p < 0.0001. GM, gross margin; CI, capital intensity; DC, debt cost.

Turnover ratio of total liabilities and net worth is computed as sales divided by gross capital.
It indicates how efficiently a company operates with its capital, which is called an activity ratio.
Moreover, labor cost per worker and productivity of capital are the indicators of a firm’s productivity.
In particular, the productivity of capital is measured by the ratio of gross value-added to total assets.
For the measures regarding the value of a company, EV (enterprise value) and EBITDA (earnings before
interest, taxes, depreciation, and amortization) are used. Table 6 shows the results of the correlation
analysis with the measures. For most manufacturing segments, inventory turnover was positively
correlated with the turnover ratio of total liabilities and net worth. Besides the activity ratio, the results
varied by segments and did not show significant relationships with inventory turnover in most cases.
For a few significant results, the correlations were weak.

Table 6. Correlation with log of inventory turnover (activity, productivity, and value).

Turnover Ratio

Segment Varwbles  Lisbilitesand  perworker  of Capital’ BV EBITDA
Net Worth

1. Food & beverage GM, CI 0.7004 *** ~0.1904*  03225%*  —0.1377*  —0.1701*
2. Textile & clothing GM, CI 0.6681 *** ~0.2118 ** 0.2274 % ~0.1063 ~0.0106
3. Timber & paper GM, CI, DC 0.6162 *** 0.0408 02058 *  —0.4141** —02839*
4. Oil & Chemical CI, DC 0.6699 *** 0.1315 ** 0.3336 *+* 0.0531 0.0599
5. Pharmaceutical GM, CI, DC 0.3539 *** 0.3760 *** 0.1090 ~0.1947*  —0.1106
6. Rubber & plastics  GM, CI, DC 0.7191 *** 0.1896 ** 0.5187 *** ~0.0952 0.0587
7. Nonmetallic CI, DC 0.2866 *** 0.4119 *** 0.0817 -0.0883 ~0.0421

mineral
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Table 6. Cont.

Turnover Ratio

Control of Total Labor Cost  Productivity
Segment Variables Liabilities and per Worker of Capital EV EBITDA
Net Worth

8. Metal CI 0.4878 *** 0.1297 ** 0.1350 ** —0.1341*  —0.1165*
9. Electronic CI, DC 0.0771 0.3053 *+* —0.0049 -0.0251 -0.0261
10.Machine & GM, CI 0.0018 ~0.0733 0.0205 ~0.0461 ~0.0385
equipment
11. Vehicle GM, CI 0.4568 *** 0.0701 0.0310 —0.0470 —0.0337
12. Furniture & other GM, CI ~0.1046 ~0.0178 ~0.1709 ~0.1300 ~0.0686
products

Note: *p < 0.05, ** p < 0.01, *** p < 0.0001. GM, gross margin; CI, capital intensity; DC, debt cost; EV, enterprise
value; EBITDA, earnings before interest, taxes, depreciation, and amortization.

3.3. Comparison between the Top and Bottom Companies

We compared inventory turnover performances between the top and bottom companies in each
manufacturing segment. The top and bottom companies were determined by Altman’s Z score
approach that was first introduced in [21]. For every company, Z scores were computed according to
the following formula.

Current Assets — Current Liabilities L 14x Retained Earnings

Assets Assets ®)
EBITDA EV — Total Liabilities Sales

.o X X
Assets + Total Liabilities + Assets

Z score = 1.2 X

+3.3%x

Altman’s Z score is known to predict bankruptcy of companies usually within 2 years [21]. The
score may not represent an absolute measure of firms’ performance, but it can serve as a good indicator
for corporate sustainability. It has been used in business research for ranking companies (e.g., [22]).

For each manufacturing segment, we chose the top 10% and bottom 10% of companies in terms of
average Z scores over the 9 years. Table 7 provides the average values of IT, AIT, and Z score for top
and bottom companies in each segment.

Table 7. Comparison between the top and bottom companies by segment of manufacturing.

S Top 10% Bottom 10%
egment

1T AIT Z Score IT AIT Z Score
1. Food & beverage 13.9832 21.1533 1.9826 9.7522 9.5396 —0.1565
2. Textile & clothing 56.2612 53.4102 2.2952 2.5391 4.0455 0.0206
3. Timber & paper 12.4561 18.4034 1.8646 8.8494 15.4840 —0.4831
4. Oil & Chemical 9.7572 15.4249 2.5149 10.0002 9.2140 —0.0852
5. Pharmaceutical 6.9673 12.0344 1.6501 4.5450 8.3957 —0.7483
6. Rubber & plastics 15.0817 8.1927 1.8402 11.8760 7.1305 0.2026
7. Nonmetallic mineral 10.5883 12.5619 2.3003 12.0338 8.7514 —0.3542
8. Metal 5.6568 10.9747 2.1722 10.0309 11.4613 0.0027
9. Electronic 20.7263 19.8204 2.1078 11.9938 9.2776 -1.1379
10. Machine & equipment 13.4279 33.5306 2.0437 5.8669 11.0248 —0.4966
11. Vehicle 11.0575 32.8681 1.9942 9.2719 11.2411 0.0721

Note: IT, inventory turnover; AlT, adjusted inventory turnover.

Overall, the AIT seemed more suitable for comparison than IT measures, assuming that top
companies showed better inventory performance than bottom companies. Particularly for an oil
and chemical manufacturing and nonmetallic mineral manufacturing segments, the bottom 10%
companies showed higher IT but lower AIT than the top 10% companies. As these segments show
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relatively high capital intensity, the measure adjusting for this effect seemed to better explain their
inventory performance.

Figure 1 illustrates the AIT and IT of top and bottom companies categorized by Z scores.
Clearly, the top 10% companies showed higher AIT than the bottom ones in almost all segments in
the manufacturing industry. Controlled inventory performance seemed closely related to financial
performances, especially for corporate sustainability.

The performance gap in AIT differed across segments. The segments of the textile and clothing
manufacturing, machine and equipment manufacturing, and the vehicle manufacturing displayed
relatively higher differences among the top and bottom companies. Textile and clothing products are
fashion items that should be sold relatively faster from the shelves; that is, higher inventory turnover
ratios are desirable. For machine, equipment, and vehicles, the stocks usually should not stay too long
in factories. Moreover, for manufacturing segments in which inventory is more critical than others, the
differences in AIT were observed to be greater.

60
i e AT of Top 10%
50 AIT of Bottom 10%
....... IT of Top 10%

o ¥ %Y IT of Bottom 10%
(Adjusted)
Inventory 30
Turnover

20

10

0

1 2 3 4 5 6 7 8 9 10 11
Segment of Manufacturing Industry

Figure 1. AIT (adjusted inventory turnover) and IT (inventory turnover) of top and bottom companies.

4. Discussion and Conclusions

We analyzed inventory turnover ratios as a performance measure related to inventory, which is
important in manufacturing processes. Inventory turnover ratios are objective and publicly available,
as well as indicative of operational efficiency. However, in this study, we found that inventory turnover
measures alone may not explain other types of a firm’s performance such as growth, profitability,
stability, productivity, and value of companies. Controlled measures of inventory turnover in this
study did not show significant correlations with these measures of financial ratios. Inventory turnover
has a relatively significant relationship with turnover ratio of total liabilities and net worth, but they
are both activity ratios. Therefore, we need to define a composite metric to evaluate the performance
of the manufacturing industry.

Although inventory turnover ratios alone may be insufficient to assess the performance of the
manufacturing industry, they can be good measures for corporate sustainability. Specifically, the top
10% companies ranked by the criteria for financial sustainability showed higher inventory performance
than the bottom 10% companies. The inventory performance used for comparison was the AIT ratios
by segment, which control the variables affecting inventory turnover ratios such as gross margin,
capital intensity, or debt cost. Similar to Gaur et al. [18] for the retail industry, the inventory turnover
in the manufacturing industry also was negatively related to gross margin and positively related to
capital intensity in an aggregate level.

Some existing studies including [18] analyzed inventory turnover ratios as a performance measure,
but they were mostly for the retail industry or for verifying the effect of certain operational practices.
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To our knowledge, this is the first study to analyze the inventory turnover ratios from the public data
as a performance measure of the manufacturing industry, especially in terms of financial sustainability.
Using the data of Korean manufacturing companies, we found that the results varied by each segment
in the manufacturing industry. For example, unlike aggregate-level regression results, inventory
turnover in the pharmaceutical manufacturing segment showed a positive correlation with gross
margin and with debt cost. The fact that pharmaceutical manufacturing is mostly under governmental
regulations might affect the relationship between variables. The finding of this study contributes to the
literature in that it suggests considering detailed segments when analyzing the performance of the
manufacturing industry. The inventory turnover measures may need to be adjusted separately for
each manufacturing segment.

As the characteristics of industry segments affect the inventory performance, the analysis of this
study may be limited to Korean data. However, financial data, including inventory turnover ratios, are
publicly available for many countries; thus, analyzing the inventory performance in any country will
not be difficult as we have demonstrated in this study with the Korean data. Future study may analyze
the similarities or differences across countries. In addition, the firm-specific effect may be controlled in
a future study. Another limitation is that inventory turnover ratios may be affected by other factors not
mentioned in this study, such as high margin on the sale of inventory, returned products to suppliers,
inventory accounting, and seasonality of products. These can be considered in prospect research.

To search for a composite measure to evaluate manufacturing processes can be a subject that is
worth studying in the future as well. The approach of this study can be a starting point with business
insight into performance measures of the manufacturing industry for corporate sustainability.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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