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Abstract: This paper documents a new series two-stage data envelopment analysis (DEA) modeling
framework for mutual fund performance evaluation in terms of operational and portfolio management
efficiency that is implemented to a sample of precious metal mutual funds (PMMFs). In the first and
second stage, one-input/one-output and multi-input/one-output settings are used, respectively. In the
light of the results, the funds assessed are inefficient in both operational and portfolio management
process and in particular, they seem to be more inefficiently operated. The operational management
efficiency is correlated with portfolio management efficiency and, therefore, sample funds should
give more emphasis on their operational policies to ensure their success in the industry. The research
framework may not only benefit PMMFs, but also funds of other classes to quantify their performance
and improve their competitive advantages.

Keywords: precious metal mutual funds; efficiency; data envelopment analysis; series two-stage DEA

1. Introduction

Investments in precious metals have increased in recent years with a notable transformation of
commodities from physically tangible to financial investments. The increasing attention of investors to
precious metals may be justified by the fact that they are deemed to have some diversification benefits
and can act as safe havens during financial crises (Lucey and Li 2015). Although the findings of earlier
studies support the evidence that precious metals provide low or negative correlation to other asset
classes like stocks and bonds, recent studies raise doubts about the significance of precious metals
diversification benefits (Qadan 2019).

A bulk of studies in the literature deals with the dynamics of precious metals. These studies constitute
two main areas of interest. In the first area lie studies which aim to examine the relationship between
precious metals and some factors such as macroeconomic fundamentals (business cycle (Batten et al. 2010;
Kucher and McCoskey 2017), monetary environment and financial market sentiment (Batten et al. 2010)),
exchange rates (Pierdzioch et al. 2016), inflation (Bilgin et al. 2018; Salisu et al. 2019), central bank
announcements of asset purchases (Glick and Leduc 2012), uncertainty captured by the Chicago
Board Options Exchange (CBOE) volatility index or VIX (Jubinski and Lipton 2013), financial crises
(Öztek and Öcal 2017), oil prices (Rehman et al. 2018), risk aversion (Qadan 2019), and the S&P 500
(e.g., Piñeiro-Chousa et al. 2018). In the second area lie studies that explore the stochastic properties
of precious metals and their volatility spillover (e.g., Kang et al. 2017; Balcilar and Ozdemir 2019).
For recent surveys, the interested reader is referred to O’Connor et al. (2015), Vigne et al. (2017),
and Talbi et al. (2020).

There are some alternative forms of investment in precious metals (e.g., mutual funds, exchange
traded funds (ETFs), futures, and options), and in the current study, we focus on precious metal mutual
funds (PMMFs) and in particular on their performance evaluation.
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Mutual funds as a type of investment vehicle consist of shares of a portfolio of stocks, bonds, or other
securities. Most mutual funds are open-end companies which mean that there is no predetermined
maximum number of shares; the shares are issued and retired based on demand (Baker et al. 2018).
The mutual fund sponsor sells shares to investors and also redeems them. The shares are priced daily
based on their current net asset value (NAV) providing a margin for the various types of costs (e.g.,
management expenses and costs for buying and selling securities).

PMMFs as a special category of commodity mutual funds (CMFs) (Baker et al. 2018) have
similarities with stock mutual funds as they offer different levels of investing in the shares of mining
firms or in precious metals. PMMFs are seen by investors as a vehicle to gain exposure to metals such
as gold, silver, platinum, and palladium at a low cost and investment scale (Otero and Reboredo 2018).
Investors who buy PMMFs anticipate having greater returns in the long run than purchasing stocks by
themselves (Tsolas 2014).

Mutual funds in the US are a type of registered investment companies that invest pooled shareholder
funds in securities. In 2014, the worldwide assets invested in mutual funds were about US$31 trillion
of which about US$16 trillion represent the total US net assets of mutual funds (Baker et al. 2015;
ICI 2015). The mutual fund industry in the US concentrated almost half of the global mutual fund
assets worth of about US$17.7 trillion in 2018 (Szmigiera 2019).

Gold, silver, platinum, and palladium constitute the majority of trading in precious metals and
represented about 9% of the trading in commodity markets in 2008 (Batten et al. 2010).

There exist bodies of literature on methods for mutual fund performance evaluation, such as the
Capital Asset Pricing Model (CAPM) (Sharpe 1964) as well as parametric and non-parametric frontier
estimation methods, such as stochastic frontier analysis (Annaert et al. 2003) and data envelopment
analysis (DEA) (Murthi et al. 1997), respectively.

DEA (Charnes et al. 1978) is an operational research-based approach that evaluates the efficiency
of a set of decision-making units (DMUs); mutual funds, in our case. Ex-post mutual fund efficiency in
the DEA context deals with the ability of a fund to obtain outputs (i.e., achievements, such as returns)
with the minimum resources (i.e., inputs, such as costs and risk). Although there is a number of ex-post
evaluation studies on the efficiency of mutual funds using DEA (see, for example, the pioneering
research by Murthi et al. (1997), and recent reviews by Tsolas (2014), Basso and Funari (2016), and
Premachandra et al. (2016)), they are focused mainly on evaluating the portfolio efficiency of the
mutual fund schemes as a single (management) process. These works employ single stage DEA that
does not reflect the internal structure of funds. Exceptions are the research by Premachandra et al.
(2012) and the studies followed by Galagedera et al. (2016, 2018), Sánchez-González et al. (2017),
Galagedera (2018, 2019), and Hsieh et al. (2020).

In this regard, there are few evaluation studies to assess the DEA-based efficiency of mutual fund
schemes with an emphasis on the internal structure of the management process. Against this backdrop,
the current study aims to improve over single black box DEA (Kao 2014) for the mutual fund scheme
and evaluate the efficiency of a group of PMMFs by employing a two-stage DEA model with the aim
to open the black box of the mutual fund management process. In the current analysis, a proposed
series two-stage DEA model is employed. It should be noted that the series two-stage DEA model is
wholly different from the two-stage DEA approach (Coelli et al. 2005) used to regress the produced
efficiency scores on control variables not included in the DEA assessment (Tsolas 2015).

This study contributes to the existing literature in several ways. First, it provides new empirical
evidence on the efficiency of the management process of PMMFs focusing in operational and portfolio
management efficiency. Second, due to the black box of the mutual fund management process, this study
aims to fill this gap by using a two-stage DEA model to evaluate the efficiency in both the operational
and portfolio management sub-processes. The proposed framework improves upon the existing
two-stage DEA mutual fund performance evaluation scheme introduced by Premachandra et al. (2012)
as it modifies the first stage of analysis from multi-input/one-output setting to one-input/one-output
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setting. This modification to the first stage of analysis stems from our effort to evaluate PMMFs using
an existing data set (Tsolas 2014).

In the current study, the following questions are addressed:
(1) What is the most efficient level of inputs associated with sampled PMMFs outputs in the two

performance dimensions?
(2) Which are the top performers among the sampled PMMFs?
(3) Is there statistical significant correlation between the DEA metrics produced in the two

performance dimensions?
The rest of the paper unfolds as follows. Section 2 provides the literature review. In Section 3, the

proposed two-stage DEA model is presented. The data, along with selection of inputs and outputs for
the case of a sample of PMMFs, are reported in Section 4. In Section 5, the results are presented and
discussed. In Section 6, the policy implications are provided, and the final section concludes this paper.

2. Literature Review

2.1. Survey of DEA-Based Mutual Fund Performance Evaluation

In recent years, a growing body of studies has applied DEA for a mutual fund performance
evaluation. These studies constitute two main research strands.

The first strand includes single DEA studies that use DEA models considering a mutual fund
management process as a black box process with multiple inputs and multiple outputs. In this strand lie
a huge number of studies which followed the research by Murthi et al. (1997). Morey and Morey (1999)
propose the first diversification DEA model, and recently Lin and Li (2019) recommended a directional
distance-based diversification super-efficiency DEA model. Recent contributions to the literature for the
measurement of portfolio efficiency are the studies by Tarnaud and Leleu (2018) and Zhou et al. (2018).
Baghdadabad et al. (2013) evaluated the efficiency of mutual fund managers followed by Banker et al.
(2016) and recently by Andreu et al. (2019). For recent reviews on DEA, the interested reader is
referred to Glawischnig and Sommersguter-Reichmann (2010), Tsolas (2014), Basso and Funari (2016),
and Premachandra et al. (2016). For the topics of the diversification DEA models (non-linear DEA
models; Zhou et al. 2018) and DEA-based mutual fund managers’ evaluation, recent reviews can be
found in the studies by Lin and Li (2019) and Andreu et al. (2019), respectively.

In the second strand, model building is based on the series two-stage DEA. In contrast to the
single DEA black box model, a two-stage DEA model identifies sub-processes and aims at measuring
their efficiency (Kao 2014). In this strand lie the studies of Premachandra et al. (2012), Galagedera et al.
(2016, 2018), Sánchez-González et al. (2017), Galagedera (2018, 2019), and Hsieh et al. (2020).

Premachandra et al. (2012) first introduced a series two-stage modeling for mutual fund performance
evaluation considering operational and portfolio process. Galagedera et al. (2016) improved upon
Premachandra et al. (2012) by proposing a two-stage network structure to accommodate an independent
output at the first stage for mutual fund appraisal. Sánchez-González et al. (2017) evaluated the Spanish
mutual fund companies by means of DEA aiming to assess both the portfolio management and marketing
as processes that reflect the internal structure of funds. Galagedera et al. (2018) extended the analysis
into a three-stage DEA modeling for fund appraisal. Galagedera (2018) assessed superannuation
fund performance through a serially linked two sub-process (operational and portfolio management)
by employing two-stage DEA modeling. Galagedera (2019) modeled social responsibility in mutual
fund performance appraisal by means of a two-stage DEA using non-discretionary first stage output.
In a recent study, Hsieh et al. (2020) employed a window two-stage DEA approach to assess the
performance of mutual funds registered in Taiwan.

In a recent study by Tuzcu and Ertugay (2020), although they acknowledge DEA as a black box,
they employed the one-stage DEA to investigate the role of size in mutual fund evaluation following
an earlier study by Basso and Funari (2017).
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2.2. Research Gaps in the Literature

Single- and two-stage DEA have been already employed for ex-post evaluation of mutual funds.
To the best of the author’s knowledge the two-stage DEA has not been applied so far to assess the
performance of PMMFs. The current study aims to fill this gap by employing two-stage DEA to assess
the efficiency of a sample of PMMFs and open the black box of their management process. In addition,
the current research contributes to the existing literature by modifying the first stage of existing
two-stage DEA modeling from a multi-input/one-output setting to a one-input/one-output setting.

3. Research Methods

In this section the proposed series two-stage framework is described, the necessary variables and
definitions are provided and the DEA modeling issues are discussed.

3.1. Definitions and Conceptual Framework

In line with Premachandra et al. (2012), mutual fund performance measurement is defined as the
process of quantifying the operational management efficiency and portfolio management efficiency of
the fund scheme. The performance measures employed are the metrics used to quantify the operational
and portfolio management efficiency of a fund scheme as two performance dimensions.

We employ the independent approach (Koronakos 2019) for the assessment of mutual funds (i.e.,
each stage is treated as operating independently of the other), and thus we independently calculate the
efficiency of each stage.

In particular, by employing the independent approach we adopt a two-stage structure in which
the output of the first sub-stage (operational management) is treated as input for the second sub-stage
(portfolio management) together with some other extra inputs. In summary, input management
expenses (i.e., cost) represent the input in stage 1 used to form the fund schemes which are proxied
by their net asset value (NAV). In stage 2, the fund NAV (of stage 1) together with risk (proxied by
standard deviation) and other portfolio costs (front load plus deferred load) are treated as inputs where
fund returns are the output. This two-stage structure is illustrated in Figure 1.

It is worth noting that our proposed modeling improves upon Premachandra et al. (2012)’s model.
First, we avoid using fund size and NAV in the same side of DEA, as in Premachandra et al. (2012),
because these two variables are correlated. Galagedera et al. (2018) recognize this weakness of
Premachandra et al. (2012) and they aim to tackle it by proposing a three stage DEA modeling for
fund appraisal. Second, we aim to improve the two-stage DEA modeling of Premachandra et al. (2012)
by modifying the first stages analysis from multi-input/one-output setting to a one-input/one-output
setting in order to provide a more simple tool for investors and researchers.
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3.2. DEA Modeling

DEA modeling issues are mainly the model selection to account for possible scale effects and the
model orientation (e.g., input or output orientation).

In regard to DEA evaluations, the group of funds assessed in the current study consists of funds
of various sizes; hence, among conventional radial DEA models, the BCC model (Banker et al. 1984)
that accounts for possible scale effects is a natural choice.

Radial DEA models are expressed as either input minimization or output maximization models.
In input minimization modeling, the relative contraction of the inputs is sought while outputs remain
the same. In output maximization, the relative expansion of output is sought while inputs remain the
same. Input orientation analysis is most cited in the relevant literature, and in the case of funds of
various sizes, the input-oriented BCC model is used. This can be explained by the fact that this model
is translation invariant with respect to outputs, and thus its use overcomes the problem in the case of
negative fund returns (Tsolas 2014).

In our analysis, we assume that we have a group of n PMMFs, j = 1, . . . , n, and the set of inputs
XÎÂm

+ is used to produce outputs YÎÂk; the amounts of the ith input and rth output used by the jth mutual
fund are denoted by xij and yrj, respectively. The following input-oriented BCC (Banker et al. 1984) or
value-based model (Thanassoulis 2001) is employed in the analysis.

Max h =
k∑

r=1

µryrj0 +ω,

s.t.,
m∑

i=1

vixi j0 = 1 ,

k∑
r=1

µryrj −

m∑
i=1

vixi j +ω ≤ 0 j = 1, 2, . . . , j0, . . . n,

µr ≥ ε r = 1, 2, . . . , k

vi ≥ ε i = 1, 2, . . . , m,

ω f ree on sign,

where

ε > 0, a convenient small positive number (non-Archimedean);
µr = output weights estimated by the model;
vi = input weights estimated by the model.

Input-orientation was chosen (i.e., BCC input-oriented model) for both stage 1 (operational
management efficiency) and stage 2 (portfolio management efficiency). In both stages, fund DEA-based
efficiency scores that take values between zero and unity (maximum efficiency) are produced. These
efficiency scores reflect how well each fund is performing in each stage.

4. Data and Identification of Input and Output Variables

4.1. Data

The input and output variables on fifty PMMFs were used in this study. The data set is part of the
data used by Tsolas (2014) and includes the bigger funds in terms of NAV. The data, publicly available
on the Google Finance website, are from Morningstar.
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The data set includes variables such as NAV, standard deviations, annualized returns, information
on operating expenses generally used for the calculation of the management expense ratio, as well as
front load and deferred load.

4.2. Input and Output Variable Specification for DEA

In stage 1, management expenses of the operational process (including fund administration and
management of the asset) and NAV (i.e., the net value of fund’s assets) are put into input and output
side of DEA, respectively.

The mutual fund industry shows that elements of monopolistic competition are present
(GAO 2000; Luo 2002; Haslem et al. 2007; Haslem 2013) and fund competition is based on service
(performance) and not on price (fees). Although fees may vary, they are not the major factor that
catches the attention of investors. The majority of mutual funds seem to compete for assets based on
performance (Gao and Livingston 2008).

Total cost components of the mutual funds are expenses of administration and asset management,
marketing and other categories. The total expenses divided by the fund’s average net assets express
the fund’s expense ratio (Sekhar 2017). Management fees for PMMFs remained constant on average
over the 2005–2015 period (Otero and Reboredo 2018). According to a previous study on mutual funds,
the largest component of total expense ratio reported as advisory fees (more than 65% on average) are
essentially constant for larger funds; the second largest component, marketing fees, increases as the
fund size increases (Gao and Livingston 2008). Since the data set in the current study is part of the data
used by Tsolas (2014) and includes the bigger funds in terms of NAV, we believe that by using data on
fund management expenses in stage 1 we will make the necessary effort to open the DEA black box by
providing efficiency in two performance dimensions: operational and portfolio management efficiency.

In stage 2, the input variables used are the following: (i) NAV (the output of stage 1), (ii) standard
deviation of three-year gross performance as a measure of risk, and (iii) front load plus deferred load.
Standard deviation is the dispersion of return that represents the fund’s total risk. The front load
(or sales charge) and deferred load expressed as percentages of the amount invested are the fees paid
by the investors when they are buying shares of mutual funds and when they are redeeming their
shares. The output is the annualized three-year return that is considered to capture the medium-term
gross performances (Galagedera and Silvapulle 2002; Tsolas 2014).

The input-oriented BCC model is used to estimate efficiencies in both stages.
Descriptive statistics of the variables used in the analyses are depicted in Table 1.

Table 1. Descriptive statistics of PMMFs data used in the assessments.

Descriptive
Statistics

Management
Expenses, US$

Million

NAV, US$
Million

3y-Standard
Deviation (%)

Frond Load
and Deferred

Load (%)
3y-Returns (%)

Min 1.61 147.02 25.72 0.00 −21.52%

Max 28.22 2250.00 32.06 5.75 −12.50%

Mean 9.05 698.70 29.85 1.90 −17.15%

Median 6.21 496.46 29.71 1.00 −17.08%

Standard
deviation 7.07 491.64 1.49 2.38 2.44%

Number of funds: 50.

5. Results

The following section presents and discusses the results of the input-oriented BCC model for
both stages.
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5.1. First Stage Analysis—Precious Metal Mutual Fund Operational Management Performance

The derived PMMF DEA-based performance metrics using the input-oriented BCC model are
depicted in Table 2. The efficiency is on average about 44% (median efficiency: 37%). Only four
funds (8% of the total sample) are efficient. The results indicate that there is scope for efficiency
improvement in fund operational management performance by decreasing input (i.e., management
expenses) of about 56% (= 1 − 0.44) (Table 2). This finding is in line with the selected results presented
by Premachandra et al. (2012) who argue that huge reductions of management fees, which reach even
66% of expenditure, are needed for inefficient funds to become efficient.

Table 2. Two-stage series data envelopment analysis (DEA) structure. Mean (standard deviation),
median, Min, Max values of efficiency measures, number and percentage of efficient funds.

Two-Stage DEA-Based
Performance Min Max Mean Median Standard

Deviation
Efficient Funds,

Number (%)

Operational management
efficiency (%) 14.90 100.00 43.64 36.80 23.99 4 (8)

Portfolio management
efficiency (%) 82.86 100.00 96.20 100.00 5.80 27 (54)

5.2. Second Stage Analysis—Precious Metal Mutual Fund Portfolio Management Performance

The input-oriented BCC model suggests that out of the fifty funds twenty-seven (54% of the total
sample) were found relatively efficient. The mean efficiency is about 96% and the median efficiency is
of the order of 100%. Moreover, there is a potential of improvement in portfolio management efficiency
by decreasing inputs of about 4% (= 1 − 0.96) (Table 2). This finding is not in line with the selected
results presented by Premachandra et al. (2012) who argue that huge reductions of inputs (i.e., NAV,
standard deviation) are needed for inefficient funds to become efficient. This difference is perhaps due
to the fact that the set of PMMFs analyzed in the current study is more homogeneous as we focus only
on PMMFs.

5.3. Fund Operational Management Performance vs. Portfolio Management Performance

In the light of the results, operating and portfolio management efficiency scores are correlated;
Kendall’s (0.44) and Spearman’s (0.57) rank correlation coefficients are statistically significant. These
results provide evidence that fund operational management performance is associated with portfolio
management performance.

The comparison between operational management performance and portfolio management
performance is illustrated by a matrix presented in Figure 2. Splitting half by the mean value was used to
create the four quadrants of the operational management—portfolio management performance matrix.
For the quadrants, the same names as in other DEA studies by Luo (2003) and Tsolas (2015) are used: stars,
dogs, question marks, and sleepers. Funds that achieve higher levels of both operational and portfolio
management performance can be classified as stars. Dogs are those funds that earn higher operational
management performance but lower portfolio management performance operating. Question marks
(problematic funds) perform inferiorly in both performance dimensions. Finally, sleepers experience a
higher level of portfolio management performance but lower operational management performance.

The distribution included (Figure 2):
(I) Thirteen stars (26% of the total sample);
(II) One dog (2% of the total sample);
(II) Thirteen question marks (26% of the total sample);
(IV) Twenty-three sleepers (46% of the total sample).
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5.4. Top Funds in Both Performance Dimensions

The top funds in both performance dimensions that can be used as benchmarks are American
Century Global Gold Fund (AGGNX); DWS Gold & Precious Metals Fund (SGDIX); and Vanguard
Precious Metals and Mining Fund, Investor (VGPMX).

5.5. Two-Stage vs. One-Stage DEA Structure

An interesting topic to be examined further is the use of single DEA structure to evaluate the
sample of PMMFs. We use management expenses as percentage of NAV, standard deviation of
three-year gross performance and front load plus deferred load as inputs, and the annualized three-year
return as output. In this alternative model, we exclude NAV from the analysis in line with Tsolas (2014).
The results of the single DEA model are strongly correlated with portfolio management performance
(Pearson correlation coefficient = 0.82); the correlation with operational management performance is
lower (Pearson correlation coefficient = 0.48). The results of the single DEA evaluation are depicted in
Table 3. In the light of the above results, it is evident that the single DEA structure provides similar
results with our proposed portfolio management performance model of stage 2. The operational
management performance model of stage 1 provides new information concerning the PMMFs ex-post
evaluation, and thus the two-stage DEA is deemed superior to the single DEA structure.

Table 3. Single DEA structure. Mean (standard deviation), median, Min, Max values of efficiency
measures, number and percentage of efficient funds.

Single DEA-Based
Performance Min Max Mean Median Standard

Deviation
Efficient Funds,

Number (%)

Single DEA efficiency (%) 80.25 100.00 92.82 94.93 7.60 25 (50)

6. Conclusions and Implications

6.1. Contribution of the Study

This study proposed several enhancements to mutual fund performance evaluation. The first
enhancement lies on the development of an enhanced approach by using a two-stage DEA model to
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evaluate the efficiency of mutual funds in both the operational and portfolio management sub-processes.
The second enhancement is that the current study provides new empirical evidence on the efficiency of
the management process of PMMFs focusing in operational and portfolio management efficiency.

6.2. Key Conclusions

The current study makes a first step towards deriving operational and portfolio management
DEA-based efficiency scores for a sample of PMMFs. Our specification follows the input minimization
BCC DEA model. In the light of the results, the funds assessed are inefficient in both operational and
portfolio management process and in particular, they seem to be more inefficiently operated. Therefore,
greater reductions in fund inputs are necessary for inefficient funds to become efficient. In addition,
the employed two-stage approach can be seen as a screening process to identify the best-in-class funds
in both performance dimensions. In the light of the results, there is evidence that fund operational
management performance is associated with portfolio management performance. Thus, sample funds
should give more emphasis on their operational policies to ensure their success in the industry.

Moreover, the two-stage DEA is deemed superior compared to the single DEA structure for the
case of sample PMMFs.

6.3. Implications

The findings provided above may be useful to researchers and investors. Researches could
use them to monitor not only the portfolio performance of PMMFs at a sectorial level but also the
operational performance efficiency. The results may also be of interest for investors as they can use the
produced efficiency scores to form an investment strategy for their portfolios. The best-in-class funds
may be candidates to be picked up by potential investors who want to gain exposure to the precious
metal markets through PMMFs.

6.4. Outlook

In the current research, we evaluated the performance of a sample of PMMFs and presented
some implications. However, the results are sample specific, so future researches can use the research
framework to appraise funds of other classes in order to quantify fund performance and investigate
whether their findings are similar with those of our study.

Moreover, although the current analysis involved only static DEA models, future research can be
based on dynamic analysis. If a long-time series on mutual fund performance and fund attributes will
be made available, DEA can provide a dynamic evaluation of fund performance.

Funding: This research received no external funding.
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