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Abstract: As ecommerce continues to grow, small businesses are using a variety of platforms to
secure potential consumers. However, it is important for small business owners to choose an efficient
business model because of constraints such as technical problems. In this study, based on platform
characteristics we divide online shopping platforms into different types as follows: (1) information
brokerage services; (2) online malls; and (3) omni-channel platforms. The efficiency of each group
is measured by stochastic frontier analysis, and the efficiency comparison between the groups
is made using meta-frontier analysis. As a result of the study, it is found that the efficiency of
small business owners increases as functional integration increases, satisfying utilitarian motivations.
However, a platform with greater integration that has a social presence satisfying hedonic motivations
improves the efficiency of all small businesses using the platform instead of just the efficiency of a
marginal number of small business owners. This study, based on the dynamic capabilities viewpoint,
suggests that the omni-channel platform represents the most sustainable approach for small business
owners undergoing difficulties such as technological and organizational changes.

Keywords: strategies for small businesses; online marketplace; technical efficiency;
online shopping platforms

1. Introduction

With the development of information and communication technology, the channels through
which offline sellers can sell their products to consumers are becoming more and more diverse [1].
Many offline sellers are trying to enter the ecommerce market through ‘online stores’, which sellers
construct easily at a low cost in order to advertise and sell products through the web. According to
eMarketer [2], online sales are expected to reach 23 trillion US dollars by 2020. However, as the size of
the ecommerce market continues to grow, the opportunities for sellers to expose their online stores
to consumers are steadily declining. Thus, seller strategies use platforms that entice potential buyers
by including their online stores in several platforms that have already secured potential buyers for
sustainable profit (e.g., see [3–7]).

Strategically, it is important for small business owners to be present in online platforms,
thus securing consumers to satisfy customer needs. Online consumer shopping is related to utilitarian
and hedonic motivations [8,9]. Consumer benefits are influenced by efficiency from the rational
and purposeful utilitarian motivational points of view, and hedonic motivation refers to consumers’
emotions when shopping [10]. Many studies suggest that online shopping attracts consumers through
convenience, information availability, customization [11], trust [12], and time efficiency [13] as
well as through product diversity [14,15] as elements of utilitarian motivation. On the other hand,
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hedonic motivation includes factors such as socializing and trend discovery [16–20]. There are several
types of ecommerce platforms trying to satisfy these customers’ needs, and hence it is better for
small business owners to use these platforms. However, small business owners cannot use all
platforms because of a shortage of resources to manage. Moreover, if a company uses a platform
without understanding consumer needs, it may fail [21]. Thus, even though it is true that firms can
achieve competitive performance by adopting strategies which adapt disruptive innovation [22,23],
and especially by using surrounding sources [24], it is difficult for the small business owners to decide
which platform enables them to be competitive and sustainable. That is why small business owners
need to choose platforms strategically from a dynamic capabilities point of view.

The simplest form of ecommerce platform is the ‘information brokerage’ service. According to
Timmers (1998), an information broker is an information service provider that adds value to the
enormous amount of data on the Internet [25]. Price comparison sites such as Trivago are archetypal
information brokerage service providers, as these platforms allow buyers to search individual online
stores. Sellers that are not well known can be exposed to more buyers without any intervention on the
part of the platform [26,27]. However, profit depends on the buyer’s brand preference or loyalty [28,29],
so there is a possibility that the increase in a business’ net profit will not be sufficient compared to the
fee for joining the platform for unknown sellers.

Another representative type of ecommerce platform is the ‘online mall’. The online mall is an
aggregation of online stores that enhances the transaction function by offering a common framework
such as store structure or payment [25]. For a small business with a low reputation and trust,
inducing buyers is easier using an online mall such as Amazon because the online mall already
has the established the buyer’s trust [30]. Also, buyers seek familiarity and convenience with their
previous interactions and experiences [31,32], and they want to purchase through a mediator because
they trust it due to its reputation [33]. Thus, a small business can reap the benefits of inducing buyers
easily by following the online mall’s frame. However, there is a drawback in that sellers using an
online mall pay larger fees than when using information brokerage services.

In addition, the omni-channel strategy, which integrates online and offline stores, has received
great attention recently. Unlike previous studies insisting that eliminating offline stores is better
for cost reduction, there is a rising claim that using the link between online and offline stores
increases the buyer’s satisfaction and therefore the profit [34–40]. There are various studies
about channel management on the seller side, such as those on omni-channel management (e.g.,
see [3–7]). When buyers experience an offline shop as they shop online, there is an increase in their
satisfaction [34,35]. Therefore, an online store linked to an offline store can be more attractive to buyers,
providing a social presence [41,42] that an online-only store cannot provide.

However, it is true that small businesses with little capital are struggling to enter the online market
because of difficulties such as technology obstacles and organization change [43–45], even though
sellers go the extra mile by diversifying channels as well as strategies to cope with the development
and evolution of ecommerce. Managing several channels requires much higher costs as well as extra
effort compared to managing one channel [43–46], so it is paramount for small business owners who
do not have sufficient capital and employees to choose the most efficient business model. Therefore,
this study measures and compares the efficiency of various types of ecommerce platforms and
suggests which platform strategy is the best for small business owners to succeed in the ecommerce
market. For this purpose, the financial data of small business owners who sell products through
the three different types of shopping platforms (information brokerage services (NAVER Shopping),
online malls (Store Farm), and omni-channel platforms (Shopping Window)), is collected from the
number one Korean search engine NAVER. Then, the small businesses’ efficiencies in terms of those
three platforms are measured and compared. Stochastic frontier analysis (SFA) is used to measure
the effectiveness of the seller on each platform, and the efficiency of the three groups of sellers is
compared through meta-frontier analysis (MFA). To measure efficiency, survey data on personnel
expenses, other expenditures, capital stock, and net sales in 2016 is analyzed.
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The second section of this study explains the SFA and MFA methodologies. In the results section,
the overall results of the efficiency analysis are presented. In the last section, the conclusions and
implications of this study are discussed.

2. Materials and Methods

In this study, to elucidate the efficiencies of small business owners in different types of platforms,
we first derive the efficiency of the three groups through SFA methodology and then use MFA
methodology to compare the efficiencies of small business owners under different production functions.

2.1. SFA (Stochastic Frontier Analysis)

SFA estimates technological efficiency using the frontier production function, which represents the
relationship between input and output factors as a production function and represents the maximum
output relative to input. Technical efficiency (TE) shows the relative technology level of a given firm’s
actual production compared to the frontier production function. The further away the technological
level of the company is from the frontier production function, the less efficient the company is.

In this study, we use the SFA model in Equation (1) based on Battesse and Coelli (1992) to measure
the efficiency change over time [47].

Yit = f (xit, β)eVit−Uit , i = 1, 2, . . . , N, t = 1, 2, . . . , T (1)

where Yit is the output of firm i at time t, xit is an input vector of firm i at time t, f is the production
function, β is the parameter of the production function, Vit is independent of Uit and is a random error
following a distribution of N(0, σ2

v ), and Uit is a non-negative random variable indicating the TE of
firm i at time t. If Vit is a typical random error in a regression, Uit represents the firm’s inefficiency.
To be sure it is always inefficient, Uit is not negative, and in this paper it is assumed that Uit follows a
half-normal distribution.

From Equation (1), TEit, the TE of firm i at time t is given by Equation (2):

TEit = e−Uit =
Yit

f (Xit, β)eVit
, i = 1, 2, . . . , N, t = 1, 2, . . . , T (2)

In general, the Cobb-Douglas and translog functions are the most widely used production
functions of SFA, but in the case of Cobb-Douglas, there is a tendency to oversimplify by considering
the output variable as a linear combination of the input variables only. Therefore, we use the translog
function in this study. In particular, assuming a random effects time-varying production model and
assuming a production function of the translog form, Equation (1) can be expressed as follows in
Equation (3).

lnYit = β0 +
3

∑
m=1

βmlnxmit +
3

∑
m=1

3

∑
k≥m

βmklnxmitlnxkit + Vit − Uit (3)

where x1it represents the amount of capital (K) at time t of the ith firm, x2it represents the amount of
cost (M) at time t of the ith firm, and x3it represents the number of employees at time t of the ith firm.
In this study, total capital stock is used for K, other expenditures are used for M, personnel expenses
are used for L, and net sales are used for output Y.

2.2. Meta-Frontier Analysis (MFA)

Comparisons of technological efficiencies among groups cannot be performed using traditional
SFA because the technical efficiency of a particular company is difficult to compare with that of others
operating with other technologies. Therefore, we use a meta-frontier production function that involves
the production function of all groups to compare the efficiency levels of other groups operating under
different technical conditions [48]. MFA, which in the past has been mainly applied to the agriculture
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industry, has recently been applied to the information and communication technology (ICT) industry
(e.g., see [49–54]). In both Na et al. (2017) [53] and this study, the specific industry is divided into three
groups based on strategic characteristics and the efficiency of each group is compared using MFA.

The meta-frontier production function model from Battese et al. (2004) is defined as follows [54].

Y∗
it = f (xit, β∗) = exit β∗ , i = 1, 2, . . . , N, N =

R
∑

i=1
Nj, t = 1, 2, . . . , T,

s.t. xitβ
∗ ≥ xitβ(j) f or all j = 1, 2, . . . , T

(4)

where j is each group and refers to the omni-channel platform (j = 1), online mall (j = 2), and information
brokerage service (j = 3). β∗ is the unknown variable vector of the meta-frontier function satisfying
Equation (5). From Equation (4) above, the graph of the meta-frontier production function is
located above the graph of the production frontier function of each group for all periods. That is,
the meta-frontier production function is an envelope of the frontier function of each group based on
the same technology. To simplify, we assume the function f in Equation (1) to be eXit β(j) , and then
Equation (1) can be transformed as follows:

Yit = e−Uit(j) × exit β(j)

exit β∗
× exit β∗+Vit(j) (5)

If we divide both sides of Equation (5) by exit β∗+Vit(j) , it becomes Equation (6):

Yit

exit β∗+Vit(j)
= e−Uit(j) × exit β(j)

exit β∗
(6)

In Equation (6) shown above, the first part of the right side is the TE of group j, and the second
part is the ratio of the j group frontier production function to the meta-frontier production function,
which is expressed as either the technical gap ratio (TGR) or the meta-technology ratio (MTR). The TE*,
representing the technical efficiency of the meta-frontier function, is expressed as the product of TE
and TGR, and can be expressed as follows.

TE∗
it =

Yit

exit β∗+Vit(j)
= TEit × TGRit (7)

Linear programming (LP) is a method of measuring the parameters of the meta-frontier function,
and it minimizes the sum of the absolute values of the deviations. According to Battese et al. (2002),
LP is defined as follows [54].

LP : min
β∗

L∗ =
T

∑
t=1

N

∑
i=1

∣∣∣xitβ
∗ − xit β̂(j)

∣∣∣, xitβ
∗ ≥ xit β̂(j) (8)

3. Data and Results

3.1. Data

In order to measure efficiency, this study collects data through a survey on small business owners
registered as sellers in NAVER in 2016. In order to increase the objectivity of the questionnaire response,
we first ask questions in a multiple choice form with ranges as the responses and then ask for the
actual amount. The number of surveyed companies in each group is shown in Table 1. Among the 345
shopping companies, those with missing data and those with no employees are excluded.
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Table 1. The number of small business respondents.

Type of Platform The Number of Respondents The Number of Validated Respondents

NAVER Shopping 72 56
Store Farm 74 59

Shopping Window 199 153
Total 345 268

For input, monthly average personnel expenses, monthly average other expenditures excluding
personnel expenses, and capital stock are used, and the monthly average net sales value is used as
the output variable. A total of 268 shopping companies, which can be estimated without omission,
are classified according to whether each is an information brokerage service (NAVER Shopping),
online mall (Store Farm), or omni-channel platform (Shopping Window), which is an offline–online
collaboration platform. The basic statistics of each group are shown in Table 2.

Table 2. Basic statistics for each group (number of firms: 268).

Type of Platform

Omni-Channel Platform Online Mall Information
Brokerage Service

Number of small businesses 153 59 56

Average net sales
(thousand KRW)

25,664.706
(34,445.805)

219,447.119
(738,098.315)

39,341.071
(116,408.607)

Average personnel expenses
(thousand KRW)

2646.667
(2280.568)

8406.780
(14,909.206)

7453.571
(27,457.241)

Average other expenditures
(thousand KRW)

7236.275
(10,921.834)

11,315.254
(22,648.168)

4917.857
(10,827.736)

Average capital stock
(thousand KRW)

29,861.373
(54,090.892)

75,474.576
(271,062.150)

24,621.429
(28,102.506)

Note: KRW = South Korean Won. Numbers in parentheses are standard deviations.

3.2. Efficiency Comparison Results

In order to analyze the difference in efficiency of small business owners on different platforms,
SFA is used to estimate the production functions for all three groups: the omni-channel platform group,
online mall group, and information brokerage service group. The efficiency of each group is then
measured through the distance from the production function. We then compute the meta-frontier
production function that encompasses the estimated production function and compare the efficiency
of each group. Table 3 shows the production function of each group estimated by SFA and the result of
the meta-frontier production function derived by the LP method through Matlab.
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Table 3. Estimation results of group and meta-frontier production functions.

Omni-Channel
Platform Online Mall Information Brokerage

Service Meta-Frontier

Estimates t-Value Estimates t-Value Estimates t-Value
Linear

Programming
(LP)

Constant 5.5117 ** 2.1102 0.1198 0.0593 9.1295 *** 10.3261 0.0068
lnx1 −0.0442 −0.0678 −0.8098 −0.7027 −2.1970 *** −13.5473 0.0847
lnx2 −0.4271 −0.8388 1.8626 * 1.7048 0.3225 0.6402 0.7628
lnx3 0.4066 0.9895 0.5223 0.6598 0.5883 0.7863 0.9654

(lnx1)2 0.1718 ** 2.1990 0.4753 *** 2.8057 0.0172 0.9166 0.3315
(lnx2)2 0.1402 ** 2.5747 0.0531 0.4637 −0.2112 *** −3.8034 0.1579
(lnx3)2 0.0510 * 1.6826 0.1211 1.5261 0.0788 *** 2.9432 0.1818

lnx1 × lnx2 −0.0746 −0.7587 −0.3299 −1.4444 0.5626 *** 5.8707 −0.1893
lnx2 × lnx3 −0.0919 −1.6053 −0.0603 −0.4322 −0.1834 *** −8.4452 −0.2416
lnx3 × lnx1 −0.1035 −1.1916 −0.2810 * −1.8331 −0.0701 −1.4387 −0.2888

Note: * Significant at 0.1 level; ** Significant at 0.05 level; *** Significant at 0.01 level.

Based on the estimation results in Table 3, the technical efficiency, technical gap ratio (TGR),
and meta-frontier efficiency of each group are estimated from the estimated SFA production function
and meta-frontier production function of the three groups according to platform characteristics.
The results are summarized in Table 4.

Table 4. Technical efficiencies and meta-technology ratios. TE: technical efficiency of the stochastic
frontier; TGR: technical gap ratio; TE*: technical efficiency of the meta-frontier function.

Group Mean SD Minimum Maximum

TE

Omni-channel platform 0.5062 0.2069 0.0200 0.8534
Online mall 0.3555 0.1944 0.0003 0.7597

Information brokerage service 0.4354 0.3279 0.0208 0.9994

TGR

Omni-channel platform 0.4493 0.2019 0.0041 1.0000
Online mall 0.5353 0.2939 0.0146 1.0000

Information brokerage service 0.3061 0.2324 0.0002 1.0000

TE*

Omni-channel platform 0.2231 0.1348 0.0020 0.6648
Online mall 0.1906 0.1622 0.0003 0.6873

Information brokerage service 0.1201 0.1079 0.0002 0.3964

In Table 4, the omni-channel platform group has the highest TE (0.5062), followed by the
information brokerage service group (0.4354) and online mall group (0.3555). This means that the
average efficiency of small businesses using the omni-channel platform is the closest to the group’s
frontier production function. From the perspective of standard deviation (SD), the SD is usually low
when TE is low in many studies, except in the case of online malls (e.g., [50–52]). In the case of online
malls, although the efficiency of small business owners in the group is disperse, the deviation is not
large (0.1944). That is, the variation of the efficiency distribution is not large. Timmers (1998) stated that
the more functionality integration or channel integration the online shopping platform has, the greater
the degree of integration [25]. A small business owner who uses an online mall should follow rules
such as the store structure and the payment method provided in the online mall. The omni-channel
platform is highly integrated because sellers on an omni-channel platform should follow the framework
provided by the platform, not just for channel integration, but also for communication with consumers.
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In other words, as the degree of integration increases, the number of rules that sellers have to follow in
the platform increases so that the providers provide similar services within the same platform. Thus,
the variance of the efficiency distribution of small business owners on the omni-channel platform
is not large (0.2069). On the other hand, even though the efficiency of an information brokerage
group’s production function is closer to its frontier production function than the online mall group,
the deviation of the distribution is relatively large (0.3279). This might be because the low-integrity
information brokerage service does not provide the seller with a framework, so that if the seller does
not manage a technical problem due to the low competence of the seller, the productivity is lowered if
the consumer is not satisfied.

However, in the case of SFA, it is meaningless to compare technological efficiency with other
groups because it assumes different types of production functions and obtains technical efficiency
values under each production function. Thus, different groups can be compared by obtaining the
values of TGR or TE* through the meta-frontier production function. As a result, in terms of TGR
based on LP, the production function of the online mall with a medium degree of integration is closest
to the meta-frontier production function (0.5353), followed by the omni-channel platform and the
information brokerage service group (0.3061).

From the perspective of TE* including a group’s efficiency compared to other groups and the
efficiency of the group itself, the omni-channel platform group shows the highest result (0.2231),
which means not only that the retailers’ production function in the group is close to the group’s frontier
function but also that the group production function is close to the meta-frontier production function.
Next, the online mall (0.1906) is ranked lower in the TGR rankings in terms of TE*, as the efficiency
deviation within the group is larger than for the omni-channel platform. Finally, the TE* value of the
information brokerage service group is the lowest (0.1201).

In conclusion, the TE* of the omni-channel platform group (which has the highest TE value)
is the highest, which means that the upward movement of the group’s production function to the
meta-frontier production function is due to the increase in all small businesses’ efficiency, not due to
the success of a minute number of small business owners. Still, in terms of TGR, the online mall group,
which involves an integrated platform that provides an online sales framework rather than online and
offline integration, is closest to the meta-frontier production function because this group shows the
highest TGR value. This means that the online mall group’s productivity is the highest compared to
the other groups.

4. Discussion

With the development of the Internet, ecommerce has continued to grow as offline sellers begin to
sell products through online stores. With this growth, however, it becomes more difficult to expose
the online store itself to consumers, so the sellers are trying to attract buyers to their online stores
through a variety of platforms in order to secure potential consumers. However, it is pivotal for
small business owners to choose an efficient business model because it is not easy to manage multiple
channels due to capital or technical problems. Therefore, in this paper, platforms are categorized
into information brokerage services, online malls, or omni-channel platforms based on platform
characteristics in order to discover the best business model for small business owners. As a result
of measuring the effectiveness of small business owners on each platform by SFA, the omni-channel
platform shows the highest average efficiency, followed by information brokerage services and online
malls. When comparing the three groups based on MFA, the TGR of the online mall is the highest,
followed by the omni-channel platform and the information brokerage service. In terms of the TE* value
reflecting both the efficiency of the group compared to other groups and the efficiency within the group,
the omni-channel platform has the highest value, followed by online malls and information brokerage
services. That is, the higher the integration of the platform, the greater the seller’s productivity.

First, increased functional integration of transactions such as order, payment method, etc.,
indicates that the platform provides an environment that enhances the seller’s productivity by
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inducing the consumer’s consumption. Based on the consumer’s trust in online malls, such as
Amazon, the platform provides sellers a trading environment to gain trust from buyers [30–33] so that
consumers will purchase even if a small business has not yet gained much of a reputation or trust.
On the other hand, information brokerage services, with the lowest integration, represent an inefficient
platform for small business owners to use because sellers using this platform have a low efficiency but
also see a significant difference in efficiency between sellers.

However, small business owners can reduce their investment risk using an integrated
omni-channel platform that even provides a social presence through online and offline convergence.
In a study by Lee et al. (2015) analyzing the music streaming service industry providing the same
goods, the group with the highest TE value had the lowest TE* value, which comes from the group
comparison [51]. On the other hand, in the case of sellers providing different goods, it can be seen
that integration is important because even though the technical efficiency of the small business owner
using the omni-channel platform is a little lower than that for online malls, the efficiency gap among
the small business owners in the omni-channel platform group is small. It can be said that the sales
framework the platform requires of the seller, for example including the use of offline photo provision,
and the way of communicating with the consumer provided by the platform, satisfies consumers.
In other words, when the platform provides an environment in which consumers can experience
similar experiences online to purchasing goods offline, the satisfaction of the online shopping of
consumers increases [34,35]. Thus, the efficiency difference between the sellers is not so large that the
investment risk is reduced when the seller uses the omni-channel platform.

In summary, even if the platform has a lot of potential consumers, the more the platform provides
functional integration that is convenient for consumers use based on their trust in the platform, the more
the efficiency of small businesses is improved by inducing the consumption of potential consumers.
However, if small business owners want a certain level of stable efficiency, the omni-channel platform
is a better platform to opt for. This is because a platform with a high degree of integration that satisfies
the social presence of consumers enhances the efficiency of all small business owners rather than just
improving the efficiency of a minimal number of small businesses using the platform. Therefore, it is
an optimal type of platform for reducing the risk of investment.

In conclusion, this study contributes to expanding the dynamic capabilities view with utilitarian
and hedonic motivations. Firstly, small business owners can have competitive performance by choosing
a platform with the functional integration which meets the utilitarian motivation of consumers. This is
because the platform already provides the information technology that is necessary to improve
firms’ performance [55] by satisfying the utilitarian motivation. Also, this study suggests that social
presence, which provides the experience similar to offline shopping, should be considered as a
hedonic motivation in addition to factors such as convenience, information availability, trend discovery,
and socializing as utilitarian and hedonic motivations in online shopping [11–20]. Beyond social
commerce emphasizing communication with other users [56], consumers seek an online shopping
experience similar to that offline. In this context, small business owners can reduce the risk of
investment by using the online platform providing a social presence satisfying hedonic motivation
as well as utilitarian motivation factors. In terms of the dynamic capabilities viewpoint, this study
suggests that small business owners use an online mall if they expect high profitability, but argues that
using an omni-channel platform implies a reduction in investment risk.

The limitations of this study are that only the small business owners who use the shopping
platform of Korea’s representative search company are investigated for the analysis. There are
many small businesses that sell through other platforms, so it would be meaningful to analyze
this information. Despite these limitations, it is noteworthy that the productivity analysis of small
business owners in terms of the degree of integration of platforms reveals an efficient business model
among the various platforms being developed, through continuous innovation and integration.
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