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ABSTRACT 
In outsourcing, the main challenge companies face is ensuring that outsourcing personnel conduct honest and 
thorough product quality checks, even though their incentives are often more inclined towards quantity than 
quality. This research develops an incentive mechanism model based on Mechanism Design Theory (MDT) 
formulated in the form of Linear Programming (LP), considering two main limitations, namely Incentive 
Compatibility and Individual Rationality. This model aims to align incentives between the company (principal) 
and outsourced personnel (agents), to minimize defective products that pass to customers. The results of the 
analysis show that the optimal incentive structure consists of a combination of basic wages and quality control 
performance-based bonuses. The optimal level of effort from outsourcing personnel increases as losses due to 
defective products increase and the effectiveness of detection efforts. This model also shows that the optimal 
allocation of quality checks should be given to outsourced personnel with higher capabilities for products with 
a high risk of defects. This research provides theoretical contributions in the integration of MDT and LP for 
incentive design, as well as practical implications in improving product quality through effective and 
measurable incentives. 
 
Keywords: Incentive mechanism, outsourcing, quality checking, Mechanism Design Theory, Linear 
Programming. 
 

INTRODUCTION 

In the fierce business competition, many companies adopt outsourcing strategies in 
an effort to improve operational efficiency and reduce production costs (Nyameboame & 
Haddud, 2017). Outsourcing has become a common practice in a variety of industries, from 
manufacturing to information technology (Vardhan et al., 2024). According to data from 
Grand View Research (2023), the growth of the outsourcing workforce in Indonesia shows 
a positive trend with a compound annual growth rate of around 10% during the 2021–2025 
period (“Indonesia Business Process Outsourcing (BPO) Market Growth & Trends,” 2023). 
However, behind the economic benefits offered, outsourcing brings challenges, especially 
in product quality control.  

One of the main problems in outsourcing practices is how to ensure that outsourcing 
personnel have the right incentives to conduct careful and honest product quality checks. 
This problem arises due to incentive misalignment between the company and outsourced 
personnel (Bhattacharya & Singh, 2019). On the one hand, companies want high-quality 
products to improve customer satisfaction and reduce warranty costs (Zhou et al., 2024). On 
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the other hand, outsourced workers who are paid based on the number of products produced 
(piece-rate system) tend to prioritize quantity over quality, which can result in defective 
products passing through to customers (Friis et al., 2015). 

The passing of defective products to customers has serious consequences for the 
company, namely decreased customer satisfaction, damage to brand reputation, increased 
warranty costs and handling of complaints, and potential loss of market share (Lucky & 
Takim, 2015). According to a study conducted by (Shipley et al., 2022), The cost of external 
failure due to defective products reaching customers is several times the cost of inspection 
and prevention. Therefore, designing an effective incentive mechanism to encourage 
outsourcing personnel to properly conduct quality checks is critical to business 
sustainability. 

This problem can be analysed with Mechanism Design Theory (MDT), a branch of 
Economic Theory that focuses on designing interaction rules to achieve desired outcomes 
when agents have personal information and incentives that may not align with the goals of 
the mechanism designer (Börgers, 2015). In the context of outsourcing, the company acts 
as a principal who tries to encourage outsourcing agents to properly conduct quality checks, 
even though this action may conflict with their incentives to maximize output. 

This research aims to develop an Incentive Mechanism Model for outsourcing 
personnel to be willing to conduct product quality checks correctly, to reduce the passage 
of defective products to customers. This model is developed based on the MDT concept and 
is modelled with Linear Programming (LP), taking into account two main constraints, 
namely Incentive Compatibility (IC) and Individual Rationality (IR). The IC requirement 
ensures that outsourced personnel have an incentive to act honestly in reporting the results 
of quality inspections, while IR ensures that outsourced personnel are willing to participate 
in the mechanism (Ballen, 2023). 

The main contribution of this research is the development of a comprehensive LP 
model to design optimal incentive mechanisms in the context of outsourcing, with a special 
focus on product quality inspection. This model considers the economic aspects of the 
principal-agent relationship and pays attention to the honesty factor of outsourcing as a key 
element in ensuring product quality. In addition, this research also provides practical 
insights for companies in designing outsourcing contracts to harmonize incentives between 
companies and outsourcing workers. 

MDT focuses on designing interaction rules to achieve desired outcomes when 
agents have personal information and incentives that may not align with the goals of the 
mechanism designer. This theory was originally developed by several prominent 
economists, such as Leonid Hurwicz, Eric Maskin, and Roger Myerson, who were awarded 
the Nobel Prize in Economics in 2007 for their contributions to the development of this 
theory (Börgers, 2015). In contrast to classical game theory which analyzes how agents 
behave within pre-set rules, MDT focuses on designing optimal rules to achieve specific 
goals (Börgers, 2015). In this context, the principal designer seeks to design an incentive 
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system that encourages agents to honestly disclose their personal information and act 
according to the principal's objectives, even though such actions may conflict with their 
incentives (Liang et al., 2023). 

The key concepts in MDT are IC and IR (Börgers, 2015). ICs ensure agents have an 
incentive to act honestly and disclose their personal information accurately. IR ensures 
agents are willing to participate in the mechanism, by ensuring the expected utility of their 
participation is at least equal to the utility of their reservation. In its development, MDT has 
been applied in various contexts, including in auction issues, public resource allocation, and 
contract design. (Jiang & Ma, 2025) applies this theory in the context of the data market, 
using a multitasking principal-agent model to develop incentive mechanisms to optimize 
data circulation and security.  

The principal-agent model is a theoretical framework that analyses the relationship 
between two parties, namely the principal (assignee) and agent (executor of the task). This 
model becomes relevant when the principal delegates tasks to the agent, but cannot fully 
observe the agent's actions or has less information than the agent. This situation creates 
information asymmetry that can result in two main problems, namely adverse selection 
(before the contract) and moral hazard (after the contract) (Tan et al., 2023). 

Adverse selection occurs when agents have personal information about their 
characteristics (e.g., ability or productivity) that the principal did not know before the 
contract was made. Moral hazard occurs when the principal is unable to fully observe the 
agent's actions after the contract is made, so the agent may not act in the principal's best 
interests (Liang et al., 2023). 

In the context of outsourcing, information asymmetry is a significant problem. 
(Zhang et al., 2022) have analysed how information asymmetry influences production 
outsourcing and quality management decisions. They compared two outsourcing structures, 
namely turnkey (contract manufacturers who buy components directly from suppliers) and 
buy-sell (original equipment manufacturers buy components from suppliers and resell them 
to contract manufacturers). Their results show that the optimal outsourcing structure 
depends on a variety of factors, including compensation, external failure costs, cost 
differences between suppliers, and the contract manufacturer's skill level. 

(Tan et al., 2023) have developed a dynamic moral hazard model to derive optimal 
incentive mechanisms in the context of construction waste recycling. They used Bayesian 
learning to update the estimates of waste collectors' personal information. The results of 
their research show collectors are always motivated to voluntarily maintain a supply of 
high-quality waste in an optimal mechanism. In addition, personal information is gradually 
revealed through learning, which is conducive to controlling incentive costs. 

Quality control is a significant challenge in the context of outsourcing, especially 
when outsourced workers are paid based on the number of products produced (Uluskan et 
al., 2016). In this situation, outsourcing personnel may face a trade-off between quantity 
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and quality, which can result in the passage of defective products to customers if there is no 
proper incentive to properly conduct quality checks. 

Several researchers have analysed how to design incentive mechanisms to 
encourage quality control in the context of outsourcing. (Zhang et al., 2022) examined how 
original equipment manufacturers can design contracts with contract manufacturers to 
encourage them to use quality components and/or adopt the right production processes to 
produce quality products. They found that optimal contract design depends on a variety of 
factors, including compensation, external failure costs, and cost differences between 
suppliers. (Liang et al., 2023) developed a quality incentive contract for the procurement of 
public technology innovations under asymmetrical information conditions. They found that 
under asymmetric information, the government can motivate companies to conduct 
independent selection and improve the quality of technological innovation by designing 
information filtering contracts.  

In a more specific context of outsourcing labour, some researchers have analyzed 
how to design incentives to encourage honesty in quality checks (Zhang, 2024). However, 
research that specifically analyzes incentive mechanisms for outsourcing personnel in 
product quality inspection is still limited. This study aims to fill the gap by developing a 
comprehensive incentive mechanism model based on MDT and modelled with LP. LP is a 
Mathematical Optimization technique that aims to maximize or minimize the function of 
linear objectives by paying attention to linear constraints. This technique has been widely 
applied in a variety of contexts, due to its ability to handle optimization problems with many 
variables and constraints (Börgers, 2015). 

In the context of incentive mechanism design, LP will be used to formulate 
optimization problems where principals seek to maximize the objective function (profit or 
social utility) by paying attention to constraints such as IC and IR. The LP formulation 
allows the principal to determine the optimal incentive structure that encourages the agent 
to act following the principal's objectives (Zhu et al., 2025). 

Some studies apply the Optimization Model in the design of incentive mechanisms 
for several contexts. For example, (Jiang & Ma, 2025) used an optimization approach to 
develop incentive mechanisms in the data market, while (Tan et al., 2023) used an 
optimization model to obtain optimal incentive mechanisms in the context of waste 
recycling. 

In this study, the LP model is used to formulate an optimization problem in which 
the company seeks to maximize profits by designing an incentive mechanism that 
encourages outsourced personnel to properly conduct quality checks. This LP model 
considers a variety of factors, including production costs, selling prices, losses due to 
defective products, and incentive structures for outsourced personnel. 

Although several studies have analyzed incentive mechanisms in various contexts 
(Ihle et al., 2023), including outsourcing and quality control (He et al., 2024), there is still a 
gap in the literature regarding incentive mechanisms for outsourcing personnel in product 
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quality inspection. In particular, research integrating MDT and LP to develop a 
comprehensive model that considers the honesty of outsourcing personnel is still limited. 

This research aims to fill this gap by developing a model of an incentive mechanism 
with a comprehensive LP for outsourced personnel in product quality inspection. This 
model not only considers the economic aspects of the principal-agent relationship but also 
pays attention to the honesty factor of outsourcing personnel as a key element in ensuring 
product quality. In addition, this research also provides practical insights for companies in 
designing outsourcing contracts that can align incentives between companies and 
outsourcing personnel. 

 

RESEARCH METHODS 

This study develops a model of incentive mechanisms for outsourcing personnel in product 
quality inspection using the MDT and LP approaches. The conceptual framework of this 
research is based on the principal-agent relationship between the company (principal) and 
outsourced personnel (agent) (Bernhold & Wiesweg, 2021), where companies seek to design 
incentive mechanisms that encourage outsourced personnel to properly conduct quality 
checks, even though such actions may conflict with their incentives to maximize output. 

In this model, companies face the problem of information asymmetry in two forms, namely 
adverse selection, the ability of outsourced personnel cannot be fully observed by the 
company, and moral hazard, the level of effort of outsourced personnel in quality checks 
that cannot be fully observed by the company. To address this issue, companies need to 
design incentive mechanisms that meet two main requirements: IC and IR (Börgers, 2015). 
IC ensures that outsourced personnel have the incentive to act honestly in reporting quality 
inspection results (Mohammadi & Hashemi Golpayegani, 2021). IR ensures outsourced 
personnel are willing to participate in the mechanism, by ensuring that the expected utility 
of participation is at least equal to their reservation utility (Sadiq & Ahmed, 2020). By 
observing these two requirements, the company strives to maximize profits by minimizing 
the number of defective products that pass to customers. 

The model developed in this study is based on several assumptions. Outsourcing workers 
are initially rewarded based on the number of products produced (piece-rate system). The 
model develops additional incentive structures to encourage correct quality checks. 
Outsourcing personnel have different types of abilities in conducting quality checks (Daniel 
et al., 2018). This type of ability is the personal information of the outsourcing personnel 
that cannot be fully observed by the company. Outsourcing personnel can choose the level 
of effort in conducting quality checks (Gunasekaran et al., 2015). This level of effort cannot 
be fully observed by the company, but it affects the probability of detecting defective 
products. The probability of outsourcing personnel detecting defective products depends on 
their level of effort and the type of ability they are capable of (Dong et al., 2016). The higher 
the level of effort and the type of ability, the higher the probability of detection. Outsourcing 
workers face increasing effort costs as the level of effort in quality checks increases. (Lee 
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& Li, 2018). These costs can be time, energy, or lost opportunities to produce more products. 
Companies face losses when defective products pass to customers (Maharaj, 2019). These 
losses can be in the form of warranty fees, complaint handling, or reputational damage. 
Finally, both companies and outsourced personnel are assumed to act rationally to maximize 
their utility or profits. 

In developing the Mathematical Model, the following notations and variables are used: 

𝑖 𝜖 𝐼 : Index for outsourced personnel 

𝑗 𝜖 𝐽 : Index for product type 

𝑞 𝜖 𝑄: Index for product quality level (q=1 defective, q = 2 good) 

𝑝௝ : The selling price of product type j 

𝑐௝ : Production cost per unit product type j   

𝑒௜ : Outsourced personnel effort level i in quality inspection 

𝜃௜ : Types of outsourced personnel’s capabilities i (personal parameters) 

𝜋௝ : Probability of product type j defects before check 

𝛿௝ : Company losses due to type-defective products j that pass to the customer 

𝛼 : Defect detection sensitivity parameters to check efforts 

𝛽 : Defect detection sensitivity parameters to the capabilities of outsourced personnel 

𝛾 : Marginal cost of quality check efforts  

𝑤଴ : Basic wage of outsourcing personnel per unit of product produced 

𝑤௜ : Total wages for outsourced workers i  

𝑏௜: Bonuses for outsourcing personnel i if performing quality checks correctly 

𝑥௜௝௤ : Number of product types j with quality q that are inspected by outsourced personnel 
i 

𝑦௜௝௤ : Number of product types j with quality q reported by outsourcing personnel i 

𝑧௜௝௤ : Number of product types j with quality q that passes to customers from outsourcing 
personnel i. 

The probability of defect detection function, namely the probability of outsourced 
personnel i detecting defects in product types j defined as: 

𝑃௜௝(𝑒௜, 𝜃௜) = 𝛼𝑒௜ + 𝛽𝜃௜                (1) 

where 0 ≤ 𝑃௜௝(𝑒௜, 𝜃௜) ≤ 1, 𝑒௜ ≥ 0 (effort level), and  𝜃௜𝜖ൣ𝜃, 𝜃൧  (ability type). 

4
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The α and β parameters (in equation 1) determine the sensitivity of the detection probability 
to the level of effort and capability type, respectively. (Dunn et al., 2019). The higher the α 
value, the greater the effect of the effort level on the probability of detection. The higher the 
β value, the greater the influence of the ability type on the probability of detection. 

Based on the above notation and variables, the LP model can be formulated as follows: 

Objectives function (Maximization of Company Profits) 

𝑀𝑎𝑥 ∑ ∑ ∑ ൫𝑝௝ − 𝑐௝ − 𝑤௜൯𝑥௜௝௤ − ∑ ∑ 𝛿௝𝑧௜௝ଵ௝ఢ௃ − ∑ 𝑏௜௜ఢூ௜ఢூ௤ఢொ௝ఢ௃௜ఢூ                   (2) 

This objective function (2) maximizes the company's profits, which consist of revenue from 
product sales minus production costs, wages for outsourced personnel, losses due to 
defective products that pass to customers, and bonuses for outsourcing personnel. 

IC requirements to ensure the honesty of outsourced personnel, the incentive to report 
honestly should be greater than the incentive to report dishonestly (Nasiri et al., 2023). 

𝑤଴ ∑ ∑ 𝑥௜௝௤ + 𝑏௜ − 𝛾𝑒௜௤ఢொ ≥ 𝑤଴௝ఢ௃ ∑ ∑ 𝑥௜௝௤௤ఢொ + 𝑏௜௝ఢ௃ 𝑃௜௝(0, 𝜃௜) 𝑃௜௝(𝑒௜, 𝜃௜)⁄        (3) 

further simplified to: 

𝑏௜ ൬1 −
௉೔ೕ(଴,ఏ೔)

௉೔ೕ(௘೔,ఏ೔)
൰ ≥ 𝛾𝑒௜                     (4) 

This requirement (4) is to ensure that outsourced personnel have an incentive to conduct 
quality checks with a level of effort 𝑒௜ and report the checking results honestly, rather than 
making no effort at all (𝑒௜ = 0) and reporting results randomly. 

IR requirements to ensure the participation of outsourced personnel, i.e. the expected utility 
must be greater than or equal to the reservation utility (Basu et al., 2019): 

𝑤଴ ∑ ∑ 𝑥௜௝௤௤ఢொ + 𝑏௜௝ఢ௃ − 𝛾𝑒௜ ≥ 𝑈଴        (5) 

where 𝑈଴ is an outsourcing personnel reservation utility. This requirement (5) ensures that 
outsourced personnel are willing to participate in the incentive mechanism designed by the 
company. 

Product balance requirements (6), i.e. the number of products inspected must be equal to 
the number of products reported: 

∑ 𝑥௜௝௤ = ∑ 𝑦௜௝௤, ∀𝑖 𝜖 𝐼, ∀𝑗 𝜖 𝐽௤ఢொ௤ఢொ        (6) 

Defect detection requirements (7) i.e. the number of defective products detected depend on 
the probability of detection: 

𝑦௜௝ଵ = 𝑥௜௝ଵ𝑃௜௝(𝑒௜, 𝜃௜), ∀𝑖 𝜖 𝐼, ∀𝑗 𝜖 𝐽        (7) 

Product requirements pass to customers (8) i.e. defective products that pass to customers: 

𝑧௜௝ = 𝑥௜௝ଵ − 𝑦௜௝ଵ, ∀𝑖 𝜖 𝐼, ∀𝑗 𝜖 𝐽             (8) 
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and, good or undefective product that passes to the customer (9): 

𝑧௜௝ଶ = 𝑥௜௝ଶ, ∀ 𝑖 𝜖 𝐼, ∀ 𝑗 𝜖 𝐽                     (9) 

Non-negative constraints are 𝑥௜௝௤, 𝑦௜௝௤, 𝑧௜௝௤, 𝑤௜, 𝑏௜, 𝑒௜  ≥ 0, ∀ 𝑖 𝜖 𝐼, ∀ 𝑗 𝜖 𝐽, ∀ 𝑞 𝜖 𝑄. 

To analyze the models that have been developed, analytical and numerical approaches are 
used (Akinsola & Oluyo, 2019). The analytical approach involves deriving the 
characteristics of the optimal solution from the LP model, including the optimal incentive 
structure, the optimal effort level, and the optimal examination allocation. The numerical 
approach involves sensitivity analysis to evaluate how changes in model parameters affect 
the optimal solution. 

In particular, an analysis was carried out on how changes in the following parameters affect 
the optimal solution, namely losses due to defective products (𝛿௝), marginal cost of effort 
(𝛾), sensitivity parameter (𝛼 and 𝛽), and distribution of outsourced personnel types (𝜃௜). In 
addition, an analysis of the practical implications of the model for the company, outsourced 
personnel, and customer satisfaction was carried out.  

 

RESULTS AND DISCUSSION 

Based on the LP developed, an analysis of the characteristics of the optimal solution for the 
outsourcing personnel incentive mechanism in product quality inspection was carried out. 
This analysis provides insights into optimal incentive structures, optimal effort levels, and 
optimal check allocation. 

The optimal incentive structure consists of two components, namely the basic wage 𝑤଴ per 
unit of product produced and bonuses 𝑏௜

∗ which is given when the outsourcing personnel 
conduct quality checks correctly. From the requirements of the IC, it is obtained: 

𝑏௜
∗ = 𝛾𝑒௜

∗ ൬1 −
௉೔ೕ(଴,ఏ೔)

௉೔ೕ(௘೔
∗,ఏ೔)

൰                      (10) 

This equation (10) shows that the optimal bonus 𝑏௜
∗ must be proportionate to the marginal 

cost of the audit effort 𝛾𝑒௜
∗ and inversely proportional to the increased probability of defect 

detection resulting from such efforts (Peng et al., 2017). In other words, the higher the cost 
of the inspection effort, the greater the bonus required to encourage outsourcing personnel 
to conduct the inspection properly. Conversely, the greater the increased probability of 
defect detection resulting from the effort, the smaller the bonus required. 

In addition, from the IR requirements, it is obtained: 

𝑤଴ ∑ ∑ 𝑥௜௝௤௤ఢொ + 𝑏௜
∗

௝ఢ௃ − 𝛾𝑒௜
∗ ≥ 𝑈଴      (11) 

This equation (11) shows the combination of base wages and bonuses, minus the cost of the 
check effort, is at least equal to the utility of outsourcing personnel reservations. If these 
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requirements are not met, the outsourcing personnel will not be willing to participate in the 
incentive mechanism designed by the company. 

The optimal level of effort 𝑒௜
∗ for outsourced personnel type 𝜃௜ determined by the conditions: 

డ௉೔ೕ(௘೔,ఏ೔)

డ௘೔
∑ 𝛿௝𝑥௜௝ = 𝛾௝ఢ௃                       (12) 

This equation (12) shows the optimal level of effort, the marginal benefit of increased defect 
detection (reduction of losses due to defective products) is equal to the marginal cost of the 
checking effort (Nas, 2016). With detection probability function 𝑃௜௝(𝑒௜, 𝜃௜) = 𝛼𝑒௜ + 𝛽𝜃௜, 

Obtained 
డ௉೔ೕ(௘೔,ఏ೔)

డ௘೔
= 𝛼, so that: 

𝛼 ∑ 𝛿௝𝑥௜௝ଵ = 𝛾௝ఢ௃                                 (13) 

From this equation (13), it can be seen that the optimal effort rate increases as the sensitivity 
of detection to effort increases. 𝛼, increased losses due to defective products 𝛿௝, and an 
increase in the number of defective products inspected 𝑥௜௝ଵ. In contrast, the optimal effort 
rate decreases as the marginal cost of effort increases 𝛾. 

Optimal allocation of products for inspection 𝑥௜௝௤
∗  depends on a variety of factors, including 

the ability of outsourced personnel 𝜃௜, probability of defective product 𝜋௝, and losses due to 
defective products 𝛿௝. From the model analysis, it was found that outsourcing personnel with higher 
capabilities should be allocated to inspect products with a higher probability of defects and losses due to 
greater defects. For outsourced personnel with the same capabilities, the optimal allocation 
depends on the trade-off between the cost of inspection and the expected losses due to 
defective products passing to the customer. 

Mathematically, the optimal allocation must meet the following conditions: 
డ

డ௫೔ೕ೜
ൣ൫𝑝௝ − 𝑐௝ − 𝑤௜൯𝑥௜௝௤ − 𝛿௝𝑧௜௝ ൧ = 0       (14) 

This condition (14) shows that at the optimal allocation, the marginal benefit of allocating 
one additional unit of product for inspection is equal to the marginal cost. 

To understand how changes in LP model parameters affect the optimal solution, a sensitivity 
analysis of several key parameters was then carried out (Więckowski & Sałabun, 2024). 

Effects of losses due to defective products 𝛿௝, when losses due to defective products 𝜹𝒋 
increase, observable the following changes in the optimal solution. The optimal effort rate 
increases as the increase 𝛿௝. This makes sense because the greater the losses due to defective 
products, the more important it is to increase the probability of defect detection through 
increased effort. Optimal bonuses increase as the increase of 𝛿௝. This is due to an increase 
in the optimal effort rate, which requires a greater bonus to meet the IC requirements. 
Inspection allocation, products with greater defect losses get higher priority in inspection 
allocation, especially for outsourced personnel with higher capabilities (Lee & Li, 2018). 
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Overall, increased losses due to defective products cause companies to provide greater 
incentives for quality checks and allocate more resources to products with higher failure 
consequences. 

The effect of marginal costs of effort 𝛾, when the marginal cost of effort 𝛾 increases, can 
be observed in the following changes in the optimal solution. The optimal effort rate 
decreases as the increase 𝛾. This is due to the intuition that the higher the cost of effort, the 
lower the optimal level of effort from the perspective of economic efficiency (Dong et al., 
2016). The optimal bonus increases per unit of effort, but may decrease overall due to a 
decrease in the optimal effort rate. Mathematically: 

డ௕೔
∗

డఊ
=

௘೔
∗ାఊ

ങ೐೔
∗

ങം

ଵି௉೔ೕ(଴,ఏ೔) ௉೔ೕ(௘೔
∗,ఏ೔)⁄

−
ఊ௘೔

∗ ങ

ങം
(௉೔ೕ(଴,ఏ೔) ௉೔ೕ(௘೔

∗,ఏ೔)⁄ )

൫ଵି௉೔ೕ(଴,ఏ೔) ௉೔ೕ(௘೔
∗,ఏ೔)⁄ ൯

మ           (15) 

The sign of this derivative (15) depends on the amount of the decrease in the optimal effort 
rate relative to the increase in marginal costs. 

The company's profits decline along with the increase 𝛾, because the company has to pay a 
larger bonus per unit of effort or receive a lower effort rate, both of which reduce profits. 
These results show the trade-off between the effort of the examination and the cost of 
incentives (Monghasemi et al., 2015). If quality checks become more laborious or require 
more time (higher marginal effort costs), companies need to provide greater incentives per 
unit of effort but may expect lower effort rates overall. 

The influence of sensitivity parameters 𝛼 and 𝛽, parameters 𝛼 and 𝛽 determine the 
sensitivity of the probability of defect detection to the level of effort and type of ability, 
respectively. The sensitivity analysis to these parameters provides the following insights. 

When 𝛼 (sensitivity to effort) increases, optimal effort level 𝑒௜
∗ increases as efforts become 

more effective in increasing the probability of detection. Bonus optimal 𝑏௜
∗ may decrease 

due to higher effort effectiveness, even if the effort rate increases. The company's profits 
increased due to increased effectiveness of efforts in detecting defective products (Porter & 
Heppelmann, 2015).     

When 𝛽 (sensitivity to capabilities) increases, the difference in the allocation of checks 
between outsourced personnel with different capabilities becomes more significant. 
Companies must be more selective in choosing outsourced personnel for quality inspection 
tasks, by giving higher priority to outsourced personnel with higher capabilities. The 
company's profits increase due to the increased effectiveness of the ability to detect 
defective products (Realyvásquez-Vargas et al., 2018). 

Distribution of outsourced workforce types 𝜃௜ has important implications in the design of 
incentive mechanisms. The results of the analysis show that the variation in capabilities, i.e. 
when the variation in the capabilities of outsourced personnel increases, the design of 
incentive mechanisms becomes more complex. Companies need to implement different 
contract menus for different types of outsourced personnel, which can increase 
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administrative costs (Akkermans et al., 2019). However, companies can also take advantage 
of this variation by allocating outsourced personnel with higher capabilities to products with 
higher failure consequences. As the average ability increases, the optimal effort level may 
decrease because the ability and effort are substitutions in the detection probability function 
(Kim et al., 2018). The optimal bonus may decrease due to the higher probability of basic 
(effortless) detection. The company's profits increase due to the increased probability of 
defect detection. 

Based on the analysis of the model above, there are several practical implications for 
companies in designing incentive mechanisms. The company must design an optimal 
contract with outsourced personnel that includes a fixed wage component based on the 
amount of production and a bonus component based on quality inspection performance 
(Abdullah et al., 2021). The bonus structure should be adjusted to the cost of the examination 
effort and the effectiveness of the effort in increasing the probability of defect detection. 
Companies need to develop verification mechanisms to assess the accuracy of the 
examination, which may involve sample examination or periodic audits.  

Companies must assess the capabilities of outsourcing personnel before assignment, either 
through tests or probationary periods (Sampson & dos Santos, 2023). Outsourced personnel 
with higher capabilities should be allocated to inspect products with a higher probability of 
defects or losses due to greater defects. Companies need to consider investing in training to 
improve the capabilities of outsourced personnel, especially if the sensitivity parameter to 
capability (𝛽) is high. 

Companies need to develop a monitoring system to assess the accuracy of quality checks, 
involving sample checks or periodic audits. Timely feedback to outsourcing personnel on 
their audit performance can help improve accuracy and build trust in the incentive system 
(Asif, 2022). The Company periodically evaluates and adjusts the parameters of the 
incentive mechanism based on performance data and changes in the business environment.  

Companies need to conduct a cost-benefit analysis to compare the costs of incentive 
mechanisms with the reduction of losses due to defective products (Coplan, 2017). The 
trade-off between quality check costs and customer satisfaction needs to be evaluated 
explicitly. The allocation of resources for quality inspection is optimized based on cost-
benefit analysis. 

The incentive mechanism designed based on this model also has important implications for 
outsourced personnel. Outsourcing personnel can increase revenue through quality 
inspection bonuses, which compensate for additional effort in inspections. A well-designed 
incentive structure ensures outsourced personnel are fairly rewarded for their extra efforts. 
Outsourcing personnel have a clear path to increasing revenue through improved skills and 
inspection capabilities. Outsourced personnel are encouraged to improve quality inspection 
capabilities, to increase their value to the company. They can learn more efficient inspection 
techniques to reduce effort costs while maintaining accuracy. The development of expertise 
in detecting product defects can open up new career opportunities in quality control. 

Page 14 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 14 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233



I Nyoman Sutapa, Incentive Mechanism for Quality Inspection…  
 

 
 

 

Balancing quantity and quality, outsourcing personnel need to balance quantitative 
production goals (the number of products produced) and qualitative goals (accuracy of 
quality checks). They need to allocate time and effort optimally between production and 
inspection to maximize their revenue. A well-designed incentive structure helps align the 
goals of outsourcing with the company's goals (Kang et al., 2022). 

The implementation of effective incentive mechanisms for quality checks has positive 
implications for customer satisfaction (Zhao et al., 2019). Improved product quality by 
reducing the number of defective products reaching customers improves customer 
experience. Improving product quality consistency builds customer trust in the brand. 
Reduced warranty costs and complaint handling allow companies to offer more competitive 
prices or improve product features. With increased customer trust, with better product 
quality, the company can build a reputation for quality and reliability. Increased customer 
trust can increase customer loyalty and repeat purchases. Companies can gain a competitive 
advantage in the market through quality differentiation. Customer feedback on product 
quality can be used to adjust the parameters of the incentive mechanism. Companies can 
identify areas for improvement in the inspection process based on customer complaint 
patterns.  

Although the model developed in this study provides valuable insights into the design of 
incentive mechanisms for outsourcing personnel in product quality inspection, this model 
has some limitations. The model assumes the company can verify the results of quality 
checks, which may not always be practical in a real-world setting. The model also assumes 
that the distribution of outsourced workforce capability types is known, which may be 
difficult to estimate accurately. The relationship between effort and detection probability is 
assumed to be linear, which may be a simplification of a more complex relationship. The 
complexity of practical implementation, the model faces challenges in estimating accurate 
model parameters, which require historical or experimental data. The design of an effective 
monitoring system to assess the accuracy of quality checks can be complex and expensive. 
Communicating the incentive structure to outsourced workers clearly and transparently can 
be challenging. Dynamic factors, the model does not fully capture the learning and 
upskilling of outsourced personnel over time. Social dynamics and teamwork among 
outsourced workers are not considered in the model. Changes in production technology and 
inspection methods may affect the parameters of the model over time (Chen et al., 2021). 

Based on these limitations, several directions for future research. Expand the model to 
account for learning and temporal dynamics, including how capabilities and costs of effort 
change over time. Integrate social and psychological factors in incentive design, such as 
intrinsic motivation, social norms, and peer effects. Develop models for scenarios with more 
limited information, where the company cannot fully verify the results of quality checks. 
Next, conduct empirical studies to validate model predictions in real-world settings, 
including field experiments or case studies. Estimate key model parameters from industry 
data, including effort cost, detection sensitivity, and capability distribution. Evaluate the 
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effectiveness of different incentive mechanisms in improving product quality and customer 
satisfaction. 

 

CONCLUSION 

This research develops an incentive mechanism model based on Mechanism Design Theory 
and Linear Programming to encourage outsourcing personnel to conduct honest and optimal 
product quality inspections. This model is designed by considering two main principles, 
namely Incentive Compatibility to ensure honesty of reporting, and Individual Rationality 
to ensure the participation of outsourced personnel. The results of the analysis show that 
incentives consisting of a combination of basic wages and bonuses based on inspection 
quality can align the interests of the company and outsourced personnel. The level of 
optimal product quality inspection efforts increases in line with the increase in losses due 
to defective products and the effectiveness of efforts, while the allocation of inspections 
should be given to outsourced personnel with higher capabilities on products at high risk of 
defects. 

This model has some limitations. Assumptions about the company's ability to verify the 
results of the audit and know the distribution of the capabilities of outsourced personnel 
may not be realistic in the field. The relationship between effort and detection probability 
assumed to be linear also simplifies complexity in the real world. In addition, aspects of 
learning, social dynamics, and examination technology have not been included in the model. 

For future development, it is recommended that the study expand the model by taking into 
account temporal dynamics such as learning and cost changes, as well as integrating social-
psychological factors and verification limitations. Empirical studies and field experiments 
are also important to validate the effectiveness of the model in real-world industrial practice. 

 

REFERENCES 

Abdullah, R., Chauhan, R., Kurniawan, R., Rajpurohit, N., & Hubur, A. (2021). The 
entire system of wages and rewards to increase productivity in factory. Linguistics 
and Culture Review, 394–403. https://doi.org/10.21744/lingcure.v5nS1.1688 

Akinsola, V. O., & Oluyo, T. O. (2019). Mathematical analysis with numerical 
solutions of the mathematical model for the complications and control of diabetes 
mellitus. Journal of Statistics and Management Systems, 2(5), 845–869. 
https://doi.org/10.1080/09720510.2019.1635444 

Akkermans, H., Van Oppen, W., Wynstra, F., & Voss, C. (2019). Contracting 
outsourced services with collaborative key performance indicators. Journal of 
Operations Management, 65(1), 22–47. https://doi.org/10.1002/jom.222 

Page 16 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 16 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233



I Nyoman Sutapa, Incentive Mechanism for Quality Inspection…  
 

 
 

 

Asif, M., Searcy, C., & Castka, P. (2022). Exploring the role of industry 4.0 in 
enhancing supplier audit authenticity, efficacy, and cost effectiveness. Journal of 
Cleaner Production, 331(129939). https://doi.org/10.1016/j.jclepro.2021.129939 

Ballen, K. Y. (2023). Strategies for Minimizing Defects in Outsourced Products. 
Walden University. 

Basu, P., Liu, Q., & Stallaert, J. (2019). Supply chain management using put option 
contracts with information asymmetry. International Journal of Production 
Research, 57(6), 1772–1796. https://doi.org/10.1080/00207543.2018.1508408 

Bernhold, T., & Wiesweg, N. (2021). Principal-agent theory: Perspectives and 
practices for effective workplace solutions. In A handbook of management 
theories and models for office environments and services (pp. 117–128). 
https://doi.org/10.1007/978-3-030-53483-8 

Bhattacharya, A., & Singh, P. J. (2019). Antecedents of agency problems in service 
outsourcing. International Journal of Production Research, 57(13), 4194–4210. 
https://doi.org/10.1080/00207543.2018.1506179 

Börgers, T. (2015). An introduction to the theory of mechanism design. Oxford 
university press. https://doi.org/10.1093/acprof:oso/9780198731535.001.0001 

Chen, H., Qi, Z., & Shi, Z. (2021). Remote sensing image change detection with 
transformers. IEEE Transactions on Geoscience and Remote Sensing, 60, 1–14. 
https://doi.org/10.1109/TGRS.2021.3053643 

Coplan, K. S. (2017). The missing element of environmental cost-benefit analysis: 
Compensation for the loss of regulatory benefits. Georgetown Environmental 
Law Review, 30(281). 

Daniel, F., Kucherbaev, P., Cappiello, C., Benatallah, B., & Allahbakhsh, M. (2018). 
Quality control in crowdsourcing: A survey of quality attributes, assessment 
techniques, and assurance actions. ACM Computing Surveys (CSUR), 51(1), 1–
40. https://doi.org/10.1145/3145928 

Dong, Y., Xu, K., Xu, Y., & Wan, X. (2016). Quality management in multi‐level supply 
chains with outsourced manufacturing. Production and Operations Management, 
25(2), 290–305. https://doi.org/10.1111/poms.12391 

Dunn, T. L., Inzlicht, M., & Risko, E. F. (2019). Anticipating cognitive effort: roles of 
perceived error-likelihood and time demands. Psychological Research, 83, 1033–
1056. https://doi.org/10.1007/s00426-018-1011-4 

Friis, I., Hansen, A., & Vámosi, T. (2015). On the effectiveness of incentive pay: 
Exploring complementarities and substitution between management control 
system elements in a manufacturing firm. European Accounting Review, 24(2), 
241–276. https://doi.org/10.1080/09638180.2014.976055 

Page 17 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 17 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233



I Nyoman Sutapa, Incentive Mechanism for Quality Inspection…  
 

 
 

 

Gunasekaran, A., Irani, Z., Choy, K. L., Filippi, L., & Papadopoulos, T. (2015). 
Performance measures and metrics in outsourcing decisions: A review for 
research and applications. International Journal of Production Economics, 161, 
153–166. https://doi.org/10.1016/j.ijpe.2014.11.024 

He, Y., Zhou, Z., Wu, B., Xiao, K., Wang, C., & Cheng, X. (2024). Game-Theoretic 
Incentive Mechanism for Collaborative Quality Control in Blockchain-Enhanced 
Carbon Emissions Verification. IEEE Transactions on Network Science and 
Engineering. https://doi.org/10.1109/TNSE.2024.3376689 

Ihle, C., Trautwein, D., Schubotz, M., Meuschke, N., & Gipp, B. (2023). Incentive 
mechanisms in peer-to-peer networks—a systematic literature review. ACM 
Computing Surveys, 55(14s), 1–69. https://doi.org/10.1145/3560833 

Indonesia Business Process Outsourcing (BPO) Market Growth & Trends. (2023). 
Grand View Research. 

Jiang, N., & Ma, Y. (2025). Research on Incentive Mechanisms in the Data Market 
Based on a Multitask Principal Agent Model. Sustainability (Switzerland), 17(4), 
1623. https://doi.org/10.3390/su17041623 

Kang, M., Ki-Hyun, U., Shou, Y., & Roh, J. J. (2022). Matching goal-based incentive 
systems with cross-functional integration to improve operation and innovation 
performance. International Journal of Operations & Production Management, 
42(2), 230–254. https://doi.org/10.1108/IJOPM-03-2021-0177 

Kim, H., Lin, Y., & Tseng, T. L. B. (2018). A review on quality control in additive 
manufacturing. Rapid Prototyping Journal, 24(3), 645–669. 
https://doi.org/10.1108/RPJ-09-2017-0179 

Lee, H. H., & Li, C. (2018). Supplier quality management: Investment, inspection, and 
incentives. Production and Operations Management, 27(2), 304–322. 
https://doi.org/10.1111/poms.12489 

Liang, Y., Liang, X., & Wei, H. (2023). Sustainable Quality-Incentive Contract Design 
of Public Technology Innovation Procurement under Asymmetry Information. 
Sustainability. Sustainability (Switzerland), 15(11), 8773. 
https://doi.org/10.3390/su15118773 

Lucky, B. O., & Takim, S. (2015). Manufacturing defects in the automobile industry, 
a case study of the remote causes and effects of Toyotas transmission 
malfunctions in cars. International Journal of Engineering and Applied Sciences, 
2(8), 257854. 

Maharaj, P. (2019). Examining the Rights of Consumers who May Have Purchased 
Defective Vehicles. University of KwaZulu-Natal. 

Mohammadi, A., & Hashemi Golpayegani, S. A. (2021). A financial incentive 
mechanism for truthful reporting assurance in online crowdsourcing platforms. 

Page 18 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 18 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233



I Nyoman Sutapa, Incentive Mechanism for Quality Inspection…  
 

 
 

 

Journal of Theoretical and Applied Electronic Commerce Research, 16(6), 2014–
2030. https://doi.org/10.3390/jtaer16060137 

Monghasemi, S., Nikoo, M. R., Fasaee, M. A. K., & Adamowski, J. (2015). A novel 
multi criteria decision making model for optimizing time–cost–quality trade-off 
problems in construction projects. Expert Systems with Applications, 42(6), 
3089–3104. https://doi.org/10.1016/j.eswa.2014.11.006 

Nas, T. F. (2016). Cost-benefit analysis: Theory and application. Lexington Books. 
https://doi.org/10.4324/9781315424437 

Nasiri, H., Moshiri, B., & Ardestani, S. F. F. (2023). Implementing Mechanism Design 
Framework on Recruitment with a Wage Function based on Value Engineering. 
IEEE Access, 1–1. https://doi.org/10.1109/ACCESS.2023.3279272 

Nyameboame, J., & Haddud, A. (2017). Exploring the impact of outsourcing on 
organizational performance. Journal of Global Operations and Strategic 
Sourcing, 10(3), 362–387. https://doi.org/10.1108/JGOSS-01-2017-0001 

Peng, D., Wu, F., & Chen, G. (2017). Data quality guided incentive mechanism design 
for crowdsensing. IEEE Transactions on Mobile Computing, 17(2), 307–319. 
https://doi.org/10.1109/TMC.2017.2713013 

Porter, M. E., & Heppelmann, J. E. (2015). How smart, connected products are 
transforming companies. Harvard Business Review, 93(10), 96–114. 

Realyvásquez-Vargas, A., Arredondo-Soto, K. C., Carrillo-Gutiérrez, T., & Ravelo, G. 
(2018). Applying the Plan-Do-Check-Act (PDCA) cycle to reduce the defects in 
the manufacturing industry. A case study. Applied Sciences, 8(11), 2181. 
https://doi.org/10.3390/app8112181 

Sadiq, A. S., & Ahmed, S. (2020). Understanding of individual rationality and 
institutional constraints: the case of deficiency of doctors in rural Bangladesh. 
Journal of Global Health Reports, 4, e2020056. 
https://doi.org/10.29392/joghr.4.e2020056 

Sampson, S. E., & dos Santos, R. P. (2023). Reengineering professional services 
through automation, remote outsourcing, and task delegation. Journal of 
Operations Management, 69(6), 911–940. https://doi.org/10.1002/jom.2229 

Shipley, R. J., Miller, B. A., & Parrington, R. J. (2022). Introduction to failure analysis 
and prevention. Journal of Failure Analysis and Prevention, 22(1), 9–41. 
https://doi.org/10.1007/s11668-021-01324-2 

Tan, R., Wu, Y., Su, P., Liao, R., & Zhang, J. (2023). Optimal dynamic incentive 
mechanism design for construction and demolition waste recycling with Bayesian 
learning. Journal of Cleaner Production, 412, 137371. 
https://doi.org/10.1016/j.jclepro.2023.137371 

Page 19 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 19 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233



I Nyoman Sutapa, Incentive Mechanism for Quality Inspection…  
 

 
 

 

Uluskan, M., Joines, J. A., & Godfrey, A. B. (2016). Comprehensive insight into 
supplier quality and the impact of quality strategies of suppliers on outsourcing 
decisions. Supply Chain Management: An International Journal, 21(1), 92–102. 
https://doi.org/10.1108/SCM-04-2015-0140 

Vardhan, R. G., Gowda, R. V. M., & Jagadish, J. (2024). Study on the Roles of Supply 
Chain Management in Corporate Outsourcing. Indian Scientific Journal of 
Research in Engineering and Management, 11(12), 1–7. 
https://doi.org/10.55041/isjrem.2024.v11i12.1037 

Więckowski, J., & Sałabun, W. (2024). A new sensitivity analysis method for decision-
making with multiple parameters modification. Information Sciences, 
678(120902). https://doi.org/10.1016/j.ins.2024.120902 

Zhang, M., Zhang, J., Sun, Y., & Cheng, T. C. E. (2022). How to outsource production 
considering quality management: Turnkey or buy-sell? Omega, 113, 102707. 
https://doi.org/10.1016/j.omega.2022.102707 

Zhang, Y. (2024). Incentivizing Effort and Honesty for High-quality Information 
[University of Michigan]. https://dx.doi.org/10.7302/24117 

Zhao, Y., Xu, X., & Wang, M. (2019). Predicting overall customer satisfaction: Big 
data evidence from hotel online textual reviews. International Journal of 
Hospitality Management, 76, 111–121. 
https://doi.org/10.1016/j.ijhm.2018.04.008 

Zhou, Z., Ren, J., Liu, X., & Pardalos, P. M. (2024). Collaborating product 
development and maintenance service: Quality incentive with inspection and 
warranty strategies. International Journal of Production Research, 62(20), 7486–
7503. https://doi.org/10.1080/00207543.2022.2110019 

Zhu, J., Chen, J., Jin, W., & Li, Q. (2025). Developing incentive mechanisms for long-
term and short-term technological innovation in major engineering projects using 
principal-agent theory. Engineering, Construction and Architectural 
Management, 32(3), 1947–1969. https://doi.org/10.1108/ECAM-08-2023-0788 

  

Page 20 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233

Page 20 of 20 - Integrity Submission Submission ID trn:oid:::1:3329668233


