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Satapathy (India), Sanjeev Kumar (India)

TECHNICAL EFFICIENCY

OF UKRAINIAN PHARMACEUTICAL

FIRMS: EVIDENCE FROM
THE COVID-19 PANDEMIC
AND RUSSIA-UKRAINE WAR

Abstract

This paper examines the influence of marketing expenses and total assets on the techni-
cal efficiency of big Ukrainian pharmaceutical producers during the COVID-19 pan-
demic and the war in Ukraine. The data were collected from the nine leading phar-
maceutical firms for six years, covering 2018-2023. Input-oriented data envelopment
analysis was used, with revenue serving as the output and raw materials, sales, and
general and administrative expenses as the inputs. The study found that the COVID-19
pandemic and the onset of the full-scale invasion of Russia in Ukraine caused a decline
in efficiency, although not statistically significant. The analysis showed that around
70% of pharmaceutical firms need to increase the scale of operations to achieve ef-
ficiency. Additionally, smaller and older firms were found to have better efficiency. The
research findings show that marketing productivity is positively associated with pure
efficiency, while marketing expenses have the opposite impact with coeflicients 0.064
and -0.05, respectively. Finally, a substantial increase in slacks during the COVID-19
pandemic propelled managers to find ways to cut sales and general and administra-
tive costs. The results underscore the importance of cost optimization policies, along
with asset and business-scale management in maintaining the efficiency of Ukrainian
pharmaceutical firms.

Keywords scale, slack analysis, marketing expenditures,
pharmaceutical manufacturers, firm size
JEL Classification L11, 125, M21

INTRODUCTION

Efficient utilization of firm resources is vital in firm performance.
For pharmaceutical companies, the amount of marketing expenses,
the value of firm assets, and the scale of operations determine ef-
ficiency. As practice shows, pharmaceutical companies spend hefty
resources on marketing activities to keep a competitive advantage
in the marketplace (Simanjuntak & Tjandrawinata, 2011; Moorman,
2016). If unchecked, elevated marketing expenses can hinder a firm’s
ability to maximize output with minimum resources. Scalability of
business is another determinant of efficiency in the pharmaceutical
industry. It stems from the ability of a firm to bargain in resource
markets and maintain low per-unit costs. Big pharma firms main-
tain better profitability than smaller competitors (Mazumdar, 2013;
Bhattacharyya & Chatterjee, 2020). Advances in non-parametric
modeling allow one to measure firms’ technical efficiency and iden-
tify its main determinants. To achieve the efficient frontier, manag-
ers are guided by efficiency scores on the magnitude of the cost-cut-
ting interventions and changes needed in the marketing and finan-
cial areas of business.
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While there is some solid evidence about the efficiency of foreign pharmaceutical firms, little is known
about the technical efficiency of Ukrainian pharmaceutical manufacturers. The devastating effect of
the COVID-19 pandemic, followed by the full-scale invasion of the Russian Federation in Ukraine on
February 24, 2022, has taken a terrible toll on society. Increased need for medicines during wartime,
supply chain disruption, and production facilities being in war zones spiraled into business inefficien-
cies. Given the challenging macroeconomic and geopolitical environment in which Ukrainian pharma-
ceutical firms operate, there is a pressing need to validate empirical evidence in the local context.

Since not all profitable companies are efficient, measuring firm efficiency can provide a distinct view
of firm performance. This paper presents empirical evidence for the correlation between technical effi-
ciency, marketing costs, and firm size in the Ukrainian pharmaceutical business. The study also adds
to the understanding of the effects of the COVID-19 pandemic and the war on efficiency, as well as the
link between overall, production and scale efficiency and returns to scale in Ukrainian pharmaceutical

enterprises.

1. LITERATURE REVIEW

AND HYPOTHESES

Efficiency measures the level of firm performance
that yields the maximum possible output with min-
imum inputs. Maintaining efficiency goes beyond
profitability since the latter does not guarantee a
firm’s efficient utilization of resources. It is well-
known that marketing expenses are a critical input
and instrument of rivalry in the pharmaceutical
business. Maintaining high marketing expenses has
become a standard practice globally, with around
24.4% of sales in the USA and 30-50% in Europe
(Gagnon & Lexchin, 2008). Empirical evidence cor-
roborates with firm behavior, concluding the posi-
tive effect of marketing investments on company
performance (Park et al., 2009; Suh et al.,, 2011;
Wang & Wu, 2012; Caglar & Nisel, 2017). Another
piece of evidence points to the non-linear behavior
of marketing investments with respect to firm size:
they improve the profitability of small firms and
diminish the profits of big companies (Ryoo et al.,
2016; Jaisinghani & Kanyjilal, 2019). While the rela-
tionship between marketing costs, profitability, and
revenue has been studied relatively well, the link be-
tween marketing expenses and technical efficiency
is yet to be explored.

The effect of size on firm efficiency has been thor-
oughly studied in manufacturing, especially in
the pharmaceutical sector. Efficiency and com-
pany size are correlated, but this link depends on
the sector and country of origin, underscoring the
importance of the competitive and regulatory en-
vironment in which companies operate. Notably,
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the German manufacturing sector has a U-shaped
connection between size and efficiency, with small
and big companies being more efficient than their
medium-sized competitors (Schiersch, 2013). On
the contrary, a study of manufacturing firms in
Africa established a positive relationship among
variables for small companies and a negative one
for big firms due to the difference in the regula-
tory environment (Aggrey et al., 2010). In a study
of European pharmaceutical companies, big firms
are confirmed to have higher efficiency than small
and medium-sized ones (Diaz & Sanchez-Robles,
2020). Larger companies are typically more ef-
ficient than smaller ones in the Indian pharma-
ceutical industry (Mazumdar & Rajeev, 2009).
Mazumdar (2013) provided additional evidence
supporting the notion that firm size affects effi-
ciency and proposed policy changes to mitigate
size inefficiencies through mergers and acquisi-
tions and public-private partnerships.

Mahajan et al. (2018) also empirically proved
non-linear relationships between pure efficiency
and firm size, whereby size positively impacted
efficiency. However, further growth in total fixed
assets will lead to diseconomies to scale. Thus,
the efficiency of small firms can be enhanced
through mergers and acquisitions or engage-
ment in contract manufacturing. Bhattacharyya
and Chatterjee (2020) confirm high technical
efficiency levels for big pharmaceutical com-
panies. Concurrently, they argue that medium
and small companies are more efficient in India.
Thus, the size of operations requires thorough
monitoring.

http://dx.doi.org/10.21511/ppm.23(1).2025.52



The accuracy and comparability of efficiency scores
depend highly on the estimation methods and se-
lected input-output mix. Efficiency scores can be
used as a standalone measure for competitive bench-
marking or as the dependent variable for subsequent
analysis. For example, Saranga and Phani (2009)
identified the primary determinants of efliciency
in the Indian pharmaceutical sector from 1992 to
2002. The influence of ownership type, age, and
R&D activities on the efficiency of pharmaceutical
producers was also distinguished using the efficien-
cy scores. In the 2010-2011 financial year, Mahajan
et al. (2014) investigated the technical efficiency of
50 Indian pharmaceutical producers. They subse-
quently expanded their analysis to include a panel of
141 Indian pharmaceutical companies from 2000 to
2013 (Mahajan et al., 2018). The Product Patent Act’s
implementation, size, age, ownership, capital import
intensity, and pure efficiency were investigated. In a
comparable manner, Pannu et al. (2011) investigated
how Indian pharmaceutical businesses” productivity
and efficiency changed between 1998 and 2007. They
proved that productivity improvements have result-
ed from the pharmaceutical industry’s increased ef-
ficiency in India. Capital, labor, and raw materials
costs are used as inputs, while revenue is the output
in all three articles.

A slightly different set of inputs can be found in the
studies of the efficiency of Bangladeshi (Azad et al.,
2018) and Nigerian (Obukohwo et al., 2018) phar-
maceutical firms, where, among others, technical
efficiency is measured using the cost of sales, fixed
capital, and operating expenses. Another study of
the European pharmaceutical companies estimat-
ed the trends in efficiency during 2010-2018. The
output is captured through turnover in real prices,
while inputs are taken as the number of workers
and adjusted for inflation total assets. The results
confirmed that firms engaged in R&D have lower
levels of efficiency than manufacturers. The over-
all trend is that efficiency is declining for all firms.
The results indicate that efficiency negatively cor-
relates with personnel costs and positively corre-
lates with profit margins, cash flow, and collection
period. Another important implication is that a
country of origin significantly impacts firm efhi-
ciency (Diaz & Sanchez-Robles, 2020).

The resource-based theory attributes the firm’s per-
formance to its resources’ productivity (Makadok,

http://dx.doi.org/10.21511/ppm.23(1).2025.52
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2001). Firm performance is associated with vari-
ous functional capabilities, including marketing
ones (Vorhies & Morgan, 2003; Nath et al., 2010),
to transform resources productively (Krasnikov
& Jayachandran, 2008). Currently, practitioners
employ a mix of marketing ratios to assess firm
performance. In the early 1970s, marketing per-
formance was measured through productivity as
a ratio of sales to advertising (sales) expenditures.
The prevailing focus was on financial and account-
ing goals, which gave a clear understanding of the
most productive business segments. Thus, apply-
ing accounting in marketing enabled companies
to allocate marketing resources more efficient-
ly (Bonoma & Clark, 1988). Another metric that
helps evaluate marketing efficiency is the returns
on marketing investments (ROMI). It is calculated
as the net profit (revenue) to marketing costs ra-
tio. ROMI allows one to prioritize marketing ac-
tivities, capture the results of marketing efforts,
as well as better plan, communicate and execute
marketing projects (Powell, 2002). An apparent
drawback of this parameter is that the value of
ROMI can be artificially inflated by reducing mar-
keting expenditures. Therefore, marketing man-
agers might be rewarded for non-existing market-
ing success (Dufty, 2002; Ambler, 2003; Kumar &
Petersen, 2004).

A more broad-based indicator of marketing per-
formance is the ratio of sales, general, and admin-
istrative costs to sales (SGAC/S), which can be
applied to the analysis of business and consumer
markets (Foster & Gupta, 1994). Additionally, it
provides a fair representation of the effective-
ness of marketing and other administrative de-
partments within an organization. According to
Bontis (1988), sales, general, and administrative
costs are proxies for measuring relational capital
(RC) - investments necessary to maintain rela-
tionships with stakeholders and clients. A regres-
sion analysis of relational capital revealed its posi-
tive effect on all profitability indicators: ROE, ROI,
and ROA (Scafarto et al., 2016). Various measures
of relational capital across countries and in differ-
ent industries have come to the same result: proven
positive contribution of RC to a company’s market
value and corporate performance (Veltri, 2008).
According to Jaisinghani and Kanjilal’s (2019) es-
timates, marketing expenditures improve the per-
formance of small businesses, although found det-
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rimental to the performance of large corporations.
For a threshold panel regression analysis, market-
ing expenditures were measured as a ratio of mar-
keting expenses to sales, firm performance was as-
sessed through ROA, while a natural logarithm of
total assets was used to calculate the firm’s size.

The aim of this paper is to establish the relation-
ship between marketing expenditure and produc-
tivity metrics, total assets, firm age and technical
efficiency of the leading Ukrainian pharmaceuti-
cal manufacturers.

The reviewed literature underscores the impor-
tance of marketing expenditures and size to firm
efficiency. Updated evidence on the factors con-
tributing to the efficiency of firms will enable bet-
ter decision-making and lead to optimal utiliza-
tion of resources. The hypotheses of the study are
as follows:

HI: Marketing expenses negatively affect pure
efficiency.

H2: Marketing productivity positively affects
firm efficiency.

H3: There is a positive relationship between effi-
ciency, firm size, and firm age.

2. METHODS

This study uses 2-stage input-oriented data envel-
opment analysis (DEA) to calculate technical ef-
ficiency for nine leading pharmaceutical manu-
facturers in Ukraine. The estimation model ranks
firms from the most efficient to the least efficient,
providing the scores for overall, pure, and scale
efficiency. Additionally, the study provides firm-

Table 1. List of variables used in the study

wise returns to scale, along with slacks, giving
the targets for potential input reduction. Finally,
efficiency scores were tested for stability using
Spearman rank correlation. After obtaining effi-
ciency scores, the analysis ran the Tobit regression
model to estimate the impact of marketing ex-
penses, marketing productivity, ROMI, firm size,
age, the COVID-19 pandemic, and the war on firm
efficiency (Table 1). The firms account for more
than 50% of sales of all Ukrainian manufacturers;
thus, the sample represents the activity of local
manufacturers well. Data were handpicked from
the corporate financial statements available on
the official websites of respective companies and
the web portal of the Stock Market Infrastructure
Development Agency of Ukraine and Youcontrol
Agency. The limited availability of open financial
data on Ukrainian pharmaceutical manufacturers
has restricted the number of variables considered
for the current analysis. To examine the technical
efficiency of nine major national manufacturers,
two inputs and one output were selected, with raw
materials and sales, general and administrative
costs representing input, and revenue represent-
ing output variables.

Technical efficiency was assessed using the meth-
ods outlined by Mahajan et al. (2014, 2018), who
examined the efficiency of Indian pharmaceuti-
cal companies. The study picked net revenue as
an output, raw materials costs, salaries and wages,
advertising and marketing expenses, and capital
usage costs as inputs. Since there was a limited
panel of data covering six years and nine compa-
nies, the study chose only two inputs and one out-
put. The following rules have been applied to se-
lect the correct number of variables. First, the sum
of the inputs and outputs cannot be greater than
the total number of DM Us. Second, there must be
three times as few inputs and outputs as there are

Purpose Variable Explanation
- . Output Revenue
Efficiency L £ s
) Sales, general and administrative costs (SGAC)
analysis .
Raw materials
Tobit
regression

Pre-, during, and post-COVID-19 periods, before and during war
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DMUs. Five OLS regressions have been construct-
ed to identify the two most influential inputs. The
OLS models used revenue as a dependent variable
and marketing expenses, raw material costs, wag-
es and salaries, sales, and general and administra-
tive costs as explanatory variables. Revenue is an
output of the DEA analysis, together with sales,
general and administrative expenses, and the cost
of raw materials as inputs.

DEA entails a deterministic, non-parametric lin-
ear modeling approach to assessing the technical
efficiency frontier of DMUs. The technique has
the following advantages: it may be used with a
small sample size; it does not require the pricing
of products or resources; it does not require the
construction of a production function form; it al-
lows for many inputs and outputs; it provides ef-
ficiency scores and rankings of DMUs. On the
contrary, some drawbacks of the DEA model are
associated with the sensitivity of efficiency scores
to the selection of inputs and outputs. Besides, the
number of inputs and outputs must fit the crite-
ria to prevent an unjustified growth in the num-
ber of efficient units. This study uses two models,
namely, CCR, which operates under the premise
of constant returns to scale (Charnes et al., 1978),
and the BCC model, which estimates the efficiency
based on variable returns to scale (Banker et al.,
1984). These models have gained much recogni-
tion in efficiency analysis. The CCR model aims
to assess overall technical efficiency arising due
to efficient production and scale. The BCC model
calculates efficiency scores based on the produc-
tion/pure efficiency of DMUs. According to BCC
analysis, inefficiencies can be eliminated by subse-
quent optimization of the input/output mix. Scale
efficiency (SE) is obtained as a ratio of overall to
pure efficiency. A scale efficiency score of less than
1 signals inefficiencies that arise from a firm’s scale
and require managerial interventions.

Equations 1-3 represent the input-oriented CCR
model, while Equations 4-6 mathematically de-

scribe BCC model.

Input-oriented CCR (envelopment) model:

Zm:S;{ + ZS:s;k o))
i=1 =1

MinZ, =¢, —¢
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Subject to:

n

r= lﬂ“rkylr - i
n - f—
r:lﬂ’rkxij +Sjk -

r =y Vi=L......m,
Vi=1,....... s, (2
A, =2 0Vr=12,..,n

¢, is unrestricted is sign

Sk =1,2,....s, i=12,....m, (3)

, S, =20V

Input-oriented BCC (envelopment) model:

MinZ, =¢, —¢ is;,; + is;k , @)

i= J=
Subject to:

Zn:/irkyir -8, =y, Vi=1l,.......m,

r=1

Z/i X S =hxy V=1 s, (5)

i/lrk =1Vr=12,....,n,

r=1

. is unrestricted in sign, and
A> Sys Sy =07, j, i, ©6)

where Min Z, represents the input-oriented efficien-
cy of k" DMU according to CCR and BCC models.

.~ denotes the slack in i output and s, represents
the slack in the j™ input for the k™ DMU The CCR
and BCC models aim to determine the maximum
possible reduction in inputs for k* DMU without
altering the reference technology. The constraints
(i) and (iii) define the convex reference technology.
The following condition indicates the non-negativi-
ty of the slacks: s *, s, ~ > 0. This equation is used to
compute the efﬁc1enc1es of k DMU’s. If o.=1 the
k™ DMU is considered Pareto efficient, meaning all
slacksi.e.s,*and s, " are zero for every i and j. These
Pareto eﬂic1ent DMUs lie on the efficient frontier
with either input or output orientation.

3. RESULTS AND DISCUSSION

A resilient and competitive pharmaceutical manu-
facturing sector constitutes a critical component
of economic stability for a developing nation such
as Ukraine. The Ukrainian pharmaceutical mar-
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ket is widely recognized for its substantial profit-
ability, with sales experiencing consistent annual
growth rates of 15-20% over the past five years.
Notably, Ukrainian pharmaceutical manufactur-
ers contribute 0.5% to the overall national indus-
trial output. Furthermore, the pharmaceutical
industry stands out as the second most lucrative
sector, boasting an impressive operating margin
of 16.5%, surpassed only by the mining industry.
Unfortunately, over the past decade, the number
of entities engaged in drug manufacturing wit-
nessed a decline of 27.7%, reducing from 307 to
222 firms. This downturn disproportionately im-
pacted small and micro firms within the indus-
try, resulting in a 20.3% and 53.3% closure rate,
respectively. Approximately 30% of pharmaceu-
tical companies annually report financial losses
(Olasiuk et al., 2020).

The adverse macroeconomic and political envi-
ronment has constantly challenged the perfor-
mance of the Ukrainian pharmaceutical business.
Such factors as a political crisis, military aggres-
sion of the Russian Federation, extreme currency
volatility, galloping inflation, expensive borrow-
ing costs, and negative credit rating led to tempo-

rary exports shrinking and collapse in small busi-
nesses. Despite various economic upheavals, the
10 major manufacturers displayed double-digit
revenue growth, exhibiting minimal indications
of financial distress (Olasiuk et al., 2020; SMIDA,
2022). Top national leaders in pharmaceutical pro-
duction have significant variability in their size
and marketing performance metrics. Table 2 il-
lustrates the summary statistics on the number of
employees, the share of marketing expenditures in
total expenses (ME/TE), the share of sales, general
and administrative costs in sales (SGAC/Sales), re-
turns on marketing investments (Net Profit/ME),
and the marketing productivity (Sales’/ME) of the
firms during 2018-2023. The analysis covers three
distinct periods: before the COVID-19 pandemic
(2018-19), during the pandemic (2020-2021), and
post-pandemic/onset of war (2022-2023).

The mean number of employees has been growing
throughout the entire period, showing a notice-
able drop in 2023. All marketing metrics of phar-
maceutical firms fluctuated, with SGAC/Sales,
ROMI, and marketing productivity registering
an all-time high in 2023. On average, companies
spend between 21-24% of their total expenses on

Table 2. Descriptive statistics of Ukrainian pharmaceutical firms during 2018-2023

Year 2018 2019 2020 2021 2022 2023
Mean
N_Employees 1,124.44 1,138.67 : 1,151.78 1,160.22 1,099.33 : 1,030.22
MeE/TE 2172 2384 2270 2411 2131
SGAC/Sales B 2779 216 2518 2907 28.14
ROMI 0.35 0.51 0.39 0.32 0.61
MKT Productivity 6.02 586 . 655 5.79 8.47
Minimum value
N_Employees 336.00 358.00 : 398.00 399.00 364.00
ME/TE . B 8.36 1021 6.70 .65 431
SGAC/Sales . 13.57 12.00 9.23 12.87 8.97
ROMI -0.08 0.08 -0.50 -0.21 -0.33
MKT Productivity 3.56 3.15 3.15 3.05 3.36
Maximum value
N_Employees 2,560.00 2,698.00 ; 2,761.00 2,889.00 2,625.00 ; 2,610.00
ME/TE . B 31.36 3367 3374 35,02 016 3247
SGAC/Sales . 32.54 3544 38.92 39.99 3869 L A230
ROMI 0.78 0.88 1.26 1.07 1.83 6.48
MKT Productivity 12.96 1448 1588 14.36 34.24 10153
Standard deviation
N_Employees 67791 703.47 ; 711.96 746.48 674.27 669.12
ME/TE . B 725 780 9.74 840 007 .01
SGAC/Sales 6.05 7.87 10.32 7.87 9.16 10.90
ROMI . B 0.30 031 0.58 0.45 065 . ...207 .
MKT_Productivity 2.87 3.50 4.23 3.44 9.80 32.24
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marketing. The onset of the pandemic, followed by
the full-scale invasion of the Russian Federation
in Ukraine, exacerbated the gap in the capacity of
firms to invest in marketing. The standard devia-
tion in marketing metrics has been on the rise and
reached its peak in 2023. Marketing productivity
is highly unequal among firms: 1 UAH of market-
ing expenditures generates between 3.05 to 101.53
UAH of sales, with an average indicator ranging
between 5.79 and 15.69 UAH. Increasing variabil-
ity is also noticeable in SGAC expenditures, with
a maximum value of 42.3% and a minimum of
8.86% of sales as of 2023. Compared to a low pre-
pandemic base, returns on marketing investments
have jumped from 0.32 UAH in 2021 to 0.61 UAH
in 2022 and 1.05 UAH in 2023, respectively.

Correlation and regression output for the prima-
ry cost variables affecting sales were conducted to
check the impact of sales and marketing costs on
revenue. Five regression models were constructed
to avoid multicollinearity among independent vari-
ables. Table 3 presents correlation results, while
Table 4 displays the regression output for four dis-
tinct models providing the relationship between
revenue and potential inputs. Further, the variance

Table 3. Correlations between inputs and output

inflation factor (VIF) was employed to identify pos-
sible multicollinearity. In four models, VIF was
within the permissible range of less than 10.

All regression models have significant explanatory
power and can be used to predict firms’ revenues.
Considering potential adjustments in the output, it
appears more feasible to alter the utilization of raw
materials through bargaining and managerial deci-
sions. On the contrary, wages are sticky and tend
to move once market conditions change; thus, it is
unlikely that the firm will make a unanimous deci-
sion about salary cuts. Additionally, SGAC inputs
provide managers with more leverage for optimi-
zation. Subsequently, DEA analysis will consider
SGAC and raw materials as inputs. Further, the
study investigates the possibility of input and scale
optimization through the reduction of marketing
and sales costs and altering the scale of the business.

The results of the DEA analysis show significant
disparity among Ukrainian pharmaceutical com-
panies. Table 5 summarizes the overall (OTE),
production/pure (PE), and scale (SE) efficiency
scores and returns to scale for the top nine phar-
maceutical manufacturers over six years.

Variables (1) : (2) (3) (4) (5)
(1) Revenue 1.000 - - - -
0.912 ... 1000
0.965 0.975
0.951 0.814
Table 4. Regression output
Vari : (1) (2) (3) (4) (5)
ariables
Revenue Revenue Revenue Revenue Revenue

Marketing costs
Raw materials

Wages and Salaries

©588.656
933 :
9.75

.959

460842

.
152201

(102.487)

968
ALt
967 :
e

402738
969 :
7.66

.968
8.63

Note: Standard errors are in parentheses. *** p < .01, ** p< .05, * p< .1.
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709



Problems and Perspectives in Management, Volume 23, Issue 1, 2025

Table 5. Firm trends in efficiency and returns to scale

Mean : Minimum value Returns to Scale
Company T T * " " * T T
OTE PE : SCALE : OTE PE i SCALE : CRS DRS IRS
Borshchahivskiy CPP~© 090 : 09 . 097 . 078 . 08 : 095 . O 1 i 5
0.93 0.95 0.97 0.86 0.90 0.89 1 3 2
.0 99 . 100 | 099 - 095 . 100 . 095 - 5 1 . 0
0.75 0.93 3 1 2
69 .05 . 100 052 0 0. 6
099 067 . 067 1 0% 0 . 2 4
0.96 0.69 . 0.91 0 3 3
.08 o074 100 074 1 . 0 5
097 084 . 100 . 08 . 5 . 1 . 0
0.93 0.52 . 0.52 15 12 27
B e : I -

According to the CCR model, Farmak is aleader in
overall technical efficiency, followed by Zdorovye
and Darnitsa, which need to improve their ef-
ficiency by a mere 3% and 7%, respectively. The
laggard is Kyiv Vitamin Factory, with OTE rang-
ing between 72% and 67%, and Indar showing a
mean OTE of 69% and a minimum of 52%. The
former faces inefliciency due to the low input uti-
lization, and the latter has an issue with the scale
of operations. As per the BCC model, four firms
appeared purely efficient, indicating their abil-
ity to 100% efficiently convert inputs into output
with further scale optimization. Among them are
Farmak, Indar, Lekhim and Zdorovye. The poor-
est input management has Kyiv Vitamin Factory
with an average PE of 73% and Kyivmedpreparat —
81%, leaving massive scope for efficiency improve-
ment. Under the DEA analysis, a scale less than
1 implies the negative impact of company size on
its efficiency. Therefore, companies need to con-
sider improving the scale of operations by 7% on
average. Industry-average OTE is 86% and can
be improved by 14% through scale optimization
and sound resource management practices. Given
the firm’s size, the PE of pharmaceutical compa-
nies is larger than OTE, with an average of 0.93.
Approximately 7% improvement can be reached
through better input management without any
decrease in output.

The Kruskal-Wallis test confirmed statistically sig-
nificant heterogeneity in the technical efficiency
of the nine largest pharmaceutical manufactur-
ers. Data from Table 5 stressed the skewness of re-
turns to scale of pharmaceutical companies. Out
of 54 firm-year observations, 27 times (50%) com-
panies operated under increasing returns to scale,
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15 times (28%) under constant returns to scale,
and 12 times (22%) - under decreasing returns to
scale. In the sample, Farmak and Zdorovye have
five years of operations under constant returns
to scale; Darnitsa and Kyivmedpretarat showed
three years of decreasing returns to scale and rec-
ommended downsizing their production activities.
Lastly, Indar bottoms the rank due to its inappro-
priate business scale, with six years of operations
under increasing returns, followed by Lekhim and
Borshchahivskiy CPP, which have showcased in-
creasing returns for five years. The analysis con-
firms that some profitable companies lack efficien-
cy, as Cooper et al. (2007) suggested.

Further, the study analyzed efficiency trends in
the Ukrainian pharmaceutical industry. As Table
6 features, a significant decline in OTE, PE, and
SE occurred in 2020 - a peak of the COVID-19
pandemic, resulting in supply bottlenecks and a
nationwide and global slowdown in business ac-
tivity. Post-COVID-19 efficiency indicators have
recuperated, although not enough compared to
the pre-pandemic levels. The post-COVID-19 pe-
riod coincided with the onset of war in Ukraine,
which brought about massive devastation to the
physical and human capital of the country and
many businesses nationwide. Another aspect of
the differences in firm efficiency is the returns to
the scale in which they operate. Firms with DRS
operate at 95% scale efficiency, while IRS firms op-
erate at 89% only. On the other hand, IRS firms
have better resource management practices, al-
lowing them to utilize inputs with 91% efficiency
compared to 88% in DRS firms. Kruskal-Wallis
test confirms that efficiency changes during the
COVID-19 pandemic and the start of the war were
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Table 6. Efficiency trends in Ukraine’s pharmaceutical industry

Mean Minimum value

Standard deviation
PE  SCALE : :

OTE PE SCALE

Year

008
Kruskal-Wallis test . . 0.83 - -

PreCOVIDIS 08 094 095 064 074 064

DuringCoviD-19 i 084 092 1 091 0 052 1 070

Post- COVID-19 0.94 0.67 0.67
Ystawalsestossossoa - o

Duringwar 0936 . 0669 0670

DRS . . 0.95 0.67 0.70

W ok s ossososr

Kruska|,wa|||stest JEOUTRTNTE ST Tortobrtbud OO SONoftieter OO o000

Note: DRS — decreasing returns to scale, IRS — increasing returns to scale.

negative; however, they were not statistically sig-
nificant. Firm-level variability in returns to scale
defined statistically significant differences in OTE,
PE, and SE efliciency.

Slacks display an optimal reduction in input,
which would not lead to respective output reduc-
tion. According to BCC analysis, in 2018-2019, in-
put slacks were negligible in the pharmaceutical
industry. However, in 2020, the pandemic changed
the business scenario, and four firms were ad-
vised to cut sales and general and administrative
costs. Remarkably, Darnitsa was advised to reduce
SGAC by 3.2 million UAH, Kyivmedpreparat — by
144 million, Borshchahivskiy CPP - by 45 million,
and Kyiv Vitamin Factory - by 74 million UAH.
In the following 2021, Darnitsa had to cut 188 mil-
lion UAH. Kyivmedpreparat had significant SGAC
slacks in 2021-2022, amounting to 64 and 4.6 mil-
lion UAH, respectively. Indar is the least efficient
firm on the list and requires revenue improvement.
Its output slack in 2020 comprised almost 524 mil-
lion UAH, and in 2022 decreased to 290 million
UAH, meaning that the company should increase
its sales to become efficient. Slack analysis of inef-
ficient firms displays a persistent issue with sales
costs. These costs are drivers of revenues and are
often difficult to manage. Due to a lack of expertise
and culture around marketing, local pharmaceu-
tical businesses prioritize the sales function, with

http://dx.doi.org/10.21511/ppm.23(1).2025.52

a greater emphasis on sales and distribution than
their international rivals (Goncharuk & Getman,
2014). Thus, cutting the resources devoted to sales
and administrative functions and channeling
them to develop marketing capabilities, processes,
and departments can substantially improve effi-
ciency. With a few exceptions, firms have no dif-
ficulty managing raw materials.

Next, the study estimated the stability of effi-
ciency scores using the efficiency scores of 2020.
The procedure involves the Jackknifing tech-
nique, based on the sequential exclusion of the
most efficient DMUs with subsequent recalcu-
lation of efficiency scores. The method has been
successfully used by Mahajan et al. (2014) and
Mostafa (2007). After calculating technical effi-
ciency scores, Spearman rank correlation coeffi-
cients are obtained. Efficiency scores are consid-
ered stable if the correlation coefficients are high.
There are, however, other methods to validate the
power of efficiency scores: regressing efficiency
scores to some of the external company param-
eters, like size, ownership, intensity of R&D, firm
age, intensity of exports, and capital imports in-
tensity (Saranga & Phani, 2009; Mahajan et al,,
2018), using Tobit regression or two-stage boot-
strapping, which is considered as more advanced
techniques (Simar & Wilson, 2007; Badunenko &
Tauchmann, 2019).
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Figure 1. Impact of omitted variables on the OTE

Table 7. Spearman’s rank correlation coefficients

Variables | 1 = 2 - 3 . 4 | 5 | 6
(1) theta_1 1.000 i - - - - -
(2)theta 2 02721000 - | - -
(3)theta3 0272 1.000 1000 . - = - | -
(4)theta_4 : 0.272 : 1.000 : 1.000 : 1.000 :
(5)theta 5 : 0.272 | 1.000 | 1.000 | 1.000
(6)theta_6 : 0.056 - 0.816 = 0.816 : 0.816 : 0.816 - 1.000

Spearman rank correlation is 0.816, which testi-
fies the validity and stability of efficiency scores
(Table 7). These findings are identical to those
obtained by Donthu et al. (2005), who also estab-
lished a negligible impact of missing variables on
efficiency.

Further drawing from Donthu et al. (2005), the ef-
fect of omitted variables on the overall efficien-
cy of nine DMUs was estimated. As presented in
Figure 1, the exclusion of either input yields lower
efficiency. The results are susceptible to the elimi-
nation of raw material inputs, wherein the efficien-
cy decreased from an initial 0.799 to 0.461. The
correlation between initial OTE and OTE after
removing raw materials from the DEA analysis is
0.368. The identical correlation with sales and gen-
eral and administrative costs is 0.757. Additionally,
the effect of missing variables on PE was tested.
The initial average PE of 0.905 dropped to 0.819
and 0.719 after the sequential exclusion of SGAC
and raw materials, respectively. Contrary to OTE,
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pure efficiency scores are highly sensitive to the
exclusion of SGAC, with a registered correlation
of 0.289. Hence, the analysis suggests the impor-
tance of both inputs for the accurate calculation
of the overall and pure efficiencies for Ukrainian
pharmaceutical firms.

Further, a set of Tobit regression models was run
to check the impact of marketing expenses as a
share of total expenses, marketing productivity,
and ROMI on companies’ pure efliciency. The
analysis confirmed the hypotheses about the neg-
ative relationship between marketing expenses,
firm size, and efficiency. The results found that
marketing expenses have a negative impact, and
marketing productivity positively impacts PE. No
relationship between marketing metrics and OTE
was found. Given the limited available data, the
Tobit regression included three additional regres-
sors: firm size, square firm size, and age.

It was found that total assets negatively affect
firms’ efficiency in the pharmaceutical industry.
However, the effect becomes positive once compa-
nies double in size. Such an outcome is not surpris-
ing, given the predominance of companies with
increasing returns to scale. The results align with
microeconomic theory, which posits that, nor-
mally, larger companies display greater efficiency
due to better utilization of marketing, adminis-
trative, logistical, material, and human resources
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PE Std.Err. t-value p-value [95% Conf Interval] : Sig
Firm Size 2.799 —2.61 .012 -1.679
Squaré Firm Si%e .095 2.62 ....... .012'“‘ EVET I
ROI\/IIH H .044 1.4é ....... .145'“‘
Age H .005 145 153
Const'z‘ant 20.636 2.63 ....... .Ollw 95.822”“
Pseudo r-squared Number of obs 54
Chi-square Prob>chi2 o000
Akaike crit. (A'I‘C) Bayesian crit. .(BIC) Coisel
PE Std.Err. t-value p-value [95% Conf Interval] | Sig
Firm Size 2.73 -2.95 .005 -13.551 -2.582
Squaré Firm Siie .092 299" ....... .004'“ : 09 46
ME/TE - o S o e v
Age 003 187 067 o0 o2
Constant 20227 208 004 19608 | 100863 | ***
s r-squé‘red RN S
Chi—sd‘uare H Prob > chiHZ. ..... OOOO I
Akaike crit. (AIC) Bayesian crit. (BIC) Cs89
PE Std.Err. t-value p-value [95% Conf Interval] | Sig
Firm Size 2.46 -2.92 .005 -12.121 -2.238
Square Firm Size o083 200 o0s o078 o411 | e
sales/ME - T o S o S T
e . R o S | L e el
Constant 53138 18.209 292 005 16564 . 89712
Pseudo r—squaured o 2099 Number ofobs 54
Chi—sciuare H Prob >Chi“2’ .....

Akaike crit. (AIC) —22.438

Bayesian crit. (BIC)

Note: *** p< .01, ** p< .05, * p<.1.

and make better use of scale economies through
better branding and use of market information.
Furthermore, large firms have higher bargaining
power in sales and resource procurement, better
quality control, and more cost-eftective equip-
ment, which help firms realize their economic
potential and display improved efficiency. In the
current scenario, firms with smaller total assets
are more efficient. The findings corroborate with
the results of Saranga and Phani (2009), Mahajan
et al. (2018), and Pannu et al. (2011). Additionally,
age was a significant positive contributor to pure
efficiency (Table 8). Older companies possess im-
portant experience gained from first-mover ad-
vantage and learning by doing, thus contributing
to greater efficiency. Finally, the outcomes did not
find any confirmation of a significant impact of
COVID-19 or the war in Ukraine on the efficiency
of pharmaceutical firms.
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Table 9. The trends in returns to scale
of Ukrainian pharmaceutical firms

Returns to Scale
Year i P N -
Constant : Decreasing : Increasing : Firm count

12018 3 : 2 : 4 : 9
2019 3 3 3 S
2020 2 1 6 S
2021 2 0 7 S
2022 2 6 1 S
2023 3 0 6 . 9
Total : 15 : 12 : 27 : 54

The summary of Table 9 represents a year-wise
distribution of firms according to returns to scale.
The results of the study point to the fact that dur-
ing 2018-2019, the distribution of firms across dif-
ferent returns was proportionate. As the country
entered the phase of the COVID-19 pandemic in
2020-2021, 67-77% of top producers experienced
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increasing returns to scale. Such results imply
that Ukrainian manufacturers urgently need to
increase the size of their business to achieve con-
stant returns to scale. Business operations can be
expanded through mergers and acquisitions with
smaller domestic firms, foreign partnerships, or
organically - through capital investments in man-

ufacturing and distribution facilities. The number
of companies doing business under constant re-
turns to scale has been relatively stable. In summa-
ry, during the last six years pharmaceutical market
in Ukraine has transformed itself from a place that
can accommodate all types of companies to an in-
dustry dominated by increasing returns to scale.

CONCLUSION

This paper aims to estimate the technical efficiency of Ukrainian pharmaceutical firms and test its de-
terminants, particularly marketing expenditures and marketing productivity metrics along with firm
size, age, COVID-19, and war effects, using a 2-stage input-oriented data envelopment analysis and
Tobit regression. The study of technical efficiency revealed a decline in overall, pure, and scale efficiency
during COVID-19 and the Russia-Ukraine war, although the decline was not statistically significant.
Additional optimization (minimization) of marketing and sales expenditures is vital for the business
success of pharmaceutical companies. Around 67% of the firms from the sample demonstrated a clear
pattern of increasing returns to scale, implying the need to expand operations through internal resourc-
es or mergers, acquisitions, and partnerships with smaller market players. Smaller and older firms are
more efficient and, hence, can better manage inputs. Thus, the study of efficiency between 2018-2023
found that big marketing budgets are detrimental to efficiency. Finally, firms need to increase the size of
their operations to become more efficient.

This study has focused on finding reasonable arguments to align the company’s financial and marketing
goals when negotiating and managing cost allocation and the size of business operations. This study is
limited to nine companies that openly provide financial data. The rest of the firms operate as limited li-
ability companies; therefore, they are not legally obliged to publish their financial statements. Future re-
search on efficiency should estimate a threshold of marketing expenditures that allow companies to be
efficient, explore changes in the productivity of the pharmaceutical industry over the last two decades,
and finally, study the effect of distinct advertising channels on technical efficiency. Given the industry’s
intense rivalry, revenue-maximization efficiency models can be implemented.
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