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In this research, we examine the profound significance of the Building and Other Construction Workers (BOCW) scheme in
India, which plays a pivotal role in addressing the multifaceted challenges posed by the labor market, particularly with regard to
construction workers. With the construction sector in India experiencing rapid growth and a substantial labor force engaged in it,
the BOCW scheme is designed to offer crucial social security and welfare benefits to this vulnerable workforce. Nevertheless, the
participation rate of workers in India’s scheme remains low primarily due to their lack of awareness about the program and the
unfamiliarity with the application process. To tackle this multifaceted issue effectively, we have introduced an innovative contract
design approach aimed at facilitating the registration of workers into the scheme. Specifically, we craft a long-term contract
between a contractor and a construction worker to illustrate the advantages of the Building and Other Construction Workers
(BOCW) scheme for both parties. Within the framework of this long-term contract, the worker improves his productivity and
the contractor increases her profit. Our statistical analysis reveals that the facilitation of BOCW registration for workers through
the long-term contract not only addresses the immediate concerns of workers but also contributes significantly to the overall
development of the construction sector in India through increasing the social surplus in this sector. Importantly, our findings have
implications beyond India, shedding light on potential applications in other developing countries grappling with similar labor
market challenges.

1 Introduction and Contribution

In the noisy construction sites of India, where the sound of ham-
mers and cement mixers fills the air, a pressing issue remains
hidden beneath the dust and debris. It is a story of missed op-
portunities, untapped potential, and the aspirations of millions
left unfulfilled. Imagine a scheme designed to improve the lives
of India’s construction workers, but in reality, it is languishing,
overlooked, and underutilized. This is the issue of the Build-
ing and Other Construction Workers (BOCW) scheme: a tale
of promise waiting to be unlocked1. The BOCW scheme pro-
vides a wide range of welfare provisions, including medical
aid, maternity support, education funding, and pension benefits.
However, despite its potential and substantial budget allocations,
the scheme suffers from chronic under-enrolment. Since the
implementation of the Building and Other Construction Work-
ers (Regulation of Employment and Conditions of Service) Act
in 2005, the boards have collected 1,17,507.22 crore as cess
from the employers and utilized only 67,669.92 crore with the
workers.2.

Field investigations underscore this gap: 80% of construction
workers in the Delhi NCR region were unaware of the BOCW
cards existence. Barriers include limited awareness, the bur-
densome requirement of a 90-day employment certificate, and
minimal incentives for contractors to support worker registra-
tion.

Our field-based analysis confirms these issues. Among sur-

veyed workers, only 30% were registered with the BOCW
scheme. Of the 70% who were not, 77.6% cited lack of aware-
ness as the primary reason, while 21.1% pointed to administra-
tive difficulties. Less than 2% reported barriers related to ID
cards or fees. These findings reaffirm the urgent need for an ac-
tionable solution that addresses both awareness and participation
bottlenecks.

This paper proposes a novel solution rooted in dynamic con-
tract theory. We design a two-period incentivizing contract
between contractors and workers, intended to embed BOCW
registration into the employment relationship. This model not
only ensures workers gain access to welfare benefits, but also
leads to improvements in productivity benefiting both parties.
Grounded in the principles of dynamic mechanism design, the
contract creates a feedback loop where workers improved well-
being translates into better output and, consequently, higher
contractor profitability.

We look at the importance of the BOCW scheme not only
in the context of labor welfare but also in terms of economic
efficiency and overall social development. Our designed optimal
contract offers a long-term solution to the huge challenge at
hand.

Indeed, the BOCW scheme uniformly allocates financial aid
to all registered workers. By combining the uniform benefits
of the BOCW scheme with performance-based incentives from
contractors, the proposed contract design seeks to enhance over-
all worker well-being and project outcomes. This approach is
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supported by empirical studies and historical data from similar
welfare programs, demonstrating the effectiveness of integrated
incentive structures3,4. Focusing on our approach, we design a
two-period long-term contract that forms a partnership between
contractors and construction workers. The contract structure
is a menu of contracts in which each worker is matched to a
specific contract based on his level of productivity. The main
feature of our long- term contract lies in its ability to measure
the transformation in a worker’s productivity level following the
incentivizing contract along with financial aid.

The outline of our paper is as follows: In Section 2, we delve
into a comprehensive review of the relevant literature that aligns
with our papers focus, encompassing six distinct domains: the
labor market, cash transfer programs, economic shocks, gov-
ernment initiatives within the construction sector, limitations
of existing interventions and game theoretic basis of the model.
Moving to Section 3, we embark on the theoretical design of an
optimal two-period contract to govern the relationship between
workers and contractors. Section 4 is dedicated to the examina-
tion and discussion of the numerical analysis results stemming
from our proposed contract. In Section 5, elaborates on the
practicality of the designed contract in real-world applications.
Section 6 outlines future research directions based on the study’s
findings. Finally, Section 7 concludes the paper with a summary
of key insights and a discussion of its limitations.

2 Literature Review

In order to address the underutilization of the Building and Other
Construction Workers (BOCW) scheme in India and design an
incentivizing contract between workers and contractors, it is
essential to explore relevant literature, theories, and empirical
findings. In this literature review, we aim to summarize and ana-
lyze previous related works, identify areas of controversy and
contested claims, and show how our research paper contributes
to and builds upon existing work. This literature review is
structured around six interrelated thematic areas: labor markets
in developing countries, financial aid cash transfer programs,
the impact of economic shocks (focusing on COVID 19) on
construction industries, government schemes in the construc-
tion sector of India, limitations of existing interventions with
the need for an incentive-based approach and Game-theoretic
approaches of the model.

2.1 Labor Markets in Developing Countries

Labor markets in developing countries are a critical area of study,
particularly concerning poverty reduction and workforce utiliza-
tion. G. S. Fields introduced a policy evaluation framework that
emphasizes the importance of labor in poverty reduction5. How-
ever, it falls short in providing practical solutions. Our research

extends Fields framework by proposing a dynamic incentiviz-
ing contract within India’s Building and Other Construction
Workers (BOCW) scheme, aiming to enhance labor welfare and
utilization rates, bridging the gap between theory and tangible
solutions. This innovative approach aligns with the ideas of A.
J. G. Brown, & J. Koettl who explored Active Labor Market
Programs (ALMPs), emphasizing incentive mechanisms and
policy design in labor market interventions6. By incorporating a
similar incentive mechanism, our work contributes to enhancing
labor market efficiency and utilization rates. W. F. Maloney
highlights informality as a key labor market issue.7. Building
on this, our research proposes a targeted solution to bridge the
formal - informal divide in India’s construction sector. Further-
more, S. Verick discusses the challenges of India’s labor market,
including low female labor participation and informality8. Our
model, by offering customized contracts based on productivity,
supports a more inclusive approach aligned with demographic
realities.

2.2 Cash Transfer Programs

Cash transfer programs are crucial tools in reducing poverty
and are widely used to alleviate poverty and improve welfare
outcomes. S. Baird and coworkers emphasized their positive
impact on employment9. More recently, X. Wang highlighted
that in response to COVID-19 , cash transfers played a critical
role in supporting informal workers across Asia10, underscor-
ing the importance in crisis resilience and labor inclusion. J.
Haushofer and J. Shapiro highlighted the benefits on psycholog-
ical outcomes11, while E. Duflo focused on gender dynamics12.
Although these programs are effective, a notable gap remains in
sector-specific application and practical implementation strate-
gies. Our study addresses this by embedding cash transfers
(via BOCW financial aid) within a contractor - worker incen-
tive system, making the program more accessible and inclusive,
particularly for women and vulnerable workers.

2.3 Impact of Economic Shocks on Construction Industries

Economic shocks, such as the COVID-19 pandemic, have ampli-
fied the vulnerabilities of the construction sector in developing
countries. R. Prasad and S. Bhat examined the pandemics imme-
diate impact13, Walmsley and coworkers provided a macro-level
perspective14. and P. Kumari & K. Kumar delved into labor
welfare amid crises15. While these studies contribute valuable
insights, they tend to focus either on macroeconomic trends
or broad policy responses. What remains underexplored is the
role of micro-level interventions-targeted, ground-level mecha-
nisms that directly support vulnerable workers during times of
economic distress.

Unlike top-down aid disbursements, our bottom-up contract
structure builds resilience from within the labor relationship. By
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embedding BOCW scheme benefits such as insurance, health-
care, and unemployment protection into the contract framework,
workers are more likely to access and retain welfare entitle-
ments.

In turn, this reduces their financial vulnerability during pe-
riods of economic uncertainty and enhances their capacity to
recover from shocks. At the same time, contractors benefit
from increased worker stability, improved morale, and enhanced
productivity, even in turbulent times.

2.4 Government Schemes and Construction Workers in
India (BOCW Schemes)

Government schemes, like India’s BOCW scheme1, aim to
support construction workers. Existing research identifies
challenges and shortcomings but lacks concrete solutions. P.
Goswami sheds light on the challenges faced by migrant con-
struction workers in India and operational hurdles encountered
by the Building and other Construction Worker’s Welfare Board
(BOCWWB)16. While emphasizing the importance of support
for these vulnerable workers, it falls short in offering concrete
improvement strategies. In contrast, our research proposes a
solution to streamline registration and enhance worker access to
benefits, bridging the gap left by Goswami16. S. Kumar delves
into the impact of government welfare schemes, including the
BOCWWB, on Indian construction workers, assessing their
effectiveness but calling for more targeted interventions.17.

Our study complements S. Kumar’s findings by proposing a
targeted approach to maximize the utilization of the BOCWWB,
potentially addressing his identified shortcomings. Similarly,
R. Sharma explores labor market dynamics in the construction
sector, highlighting challenges and the informal nature of em-
ployment18. Our research adds practicality by suggesting an
incentivizing contract to boost registration and benefit utilization
among these workers, aligning with the above issues identified.
J. Patel evaluates government schemes efficiency in support-
ing informal workers, including the BOCWWB, but also seeks
targeted improvements19. Our study contributes by presenting
the incentivizing contract as a specific mechanism to enhance
scheme utilization, building upon J. Patel’s analysis.

2.5 Limitations of Existing Interventions and Need for an
Incentive-Based Approach

While various interventions such as awareness campaigns
and registration simplification have been proposed to increase
BOCW utilization, we argue that these are limited in scope.

Awareness campaigns require ongoing funding and continu-
ous reinforcement20,21and simplification alone does not neces-
sarily incentivize contractors to assist workers in registering22.
Our approach addresses this gap by aligning contractor and
worker interests, creating a self-sustaining incentive structure.

In contrast to passive interventions like awareness campaigns,
our proposed model builds in a behavioral mechanism that adds
practical, economic, and systemic value to the contract design.
This turns the welfare entitlement into real productivity gains
and profitability, and aligns the interests of all three parties:
workers, contractors, and the government.

2.6 Game-Theoretic Basis of the Model

Game-theoretic approaches, particularly principal-agent models,
have long been used to analyze incentive structures in labor mar-
kets23. These models capture the strategic interaction between a
principal (contractor) and an agent (a worker), especially under
asymmetric information, where one party holds more informa-
tion than the other. In the context of labor contracts, these
models have been applied to design incentive-compatible con-
tracts that motivate agents to exert optimal effort while meeting
participation constraints24.

Dynamic extensions of these models allow for intertemporal
incentives, where outcomes and decisions in one period influ-
ence behavior in future periods25. Our research builds on this
literature by applying a two-period dynamic contract structure
to the Indian construction sector, with a focus on improving
utilization of welfare schemes like the BOCW through targeted
performance incentives. Dynamic Incentivizing Contract design
proposed in this paper is a classic application of game theory
particularly in mechanism design and dynamic contracting un-
der asymmetric information. It includes all key ingredients of a
game-theoretic approach like strategic interaction, asymmetric
information, payoff optimization, and incentive compatibility
over time.

By reviewing literature across the domains, we demonstrate
the necessity and relevance of our proposed solution, which
bridges the gap between policy design and practical, sustainable
implementation for India’s construction workforce.

3 Dynamic Incentivizing Contract

To overcome under-utilization of Building and Other Construc-
tion Workers (BOCW), we design a monthly contract between
a contractor (she) and a worker (he). The method we use to
design the contract is based on a game theoretical approach; we
consider a game between the contractor and the worker. In this
game, the contractor aims to maximize her profit while persuad-
ing the worker to sign the contract and make him satisfied by
giving him a payment better than his outside option.

3.1 Objective of the Contract:

The contractor aims to maximize her profit while ensuring the
worker is motivated to accept and fulfil the contract. This is
achieved by offering payments that are more attractive than
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the worker’s alternative option (which is earning nothing). We
consider two periods in our contract. The first period is the
initial period of the employment, and the second period is the
next month. The reason that we considered an ”initial period”
and a following period is to show the impact of incentivizing
the worker in the first period on his performance in the follow-
ing period. By structuring the contract over two periods, the
impact of initial incentives on subsequent performance can be
observed. Due to the higher bargaining power of the contrac-
tor in the construction section in India, we consider her as the
contract designer.26. The contractor assists or simplifies the
registration process (e.g., via documentation, digital tools, or
awareness efforts), thus removing barriers like lack of awareness
or procedural difficulties.

By designing a contract that spans two periods, the contractor
positions BOCW enrolment as part of a sustained employment
relationship, rather than a one-time compliance task. This aligns
worker incentives with formal registration, making it a rational
and rewarding choice.

Table 1 Notation
Symbol Definition
θt Worker’s productivity during period t; repre-

sents how much output the worker can pro-
duce in that time frame.

≡ Logical equivalence or definition symbol; in-
dicates that a term is defined to be exactly
equal to another.

Uw
t Worker’s utility in period t; the benefit or

satisfaction derived by the worker during that
period.

pt Payment received by the worker from the
contractor in period t.

qt Work output produced by the worker in pe-
riod t, measured in square feet of construc-
tion completed.

Cp
t Worker’s performance cost in period t; in-

cludes effort, fatigue, or other costs associ-
ated with producing output.

e1 Value of the BOCW scheme benefit.
Uw

0 The worker’s outside option if they choose
not to accept the contract; assumed to be a
salary of zero in this context.

3.2 Key Variables and Parameters used in the Model

Worker Productivity Level (θt ):
In our model, worker productivity is represented as a scalar value
θt , which denotes the worker’s efficiency level at time period
t. It is defined as the square footage of construction output

completed, adjusted for quality standards. While the model
treats θt as a continuous variable observable to the worker, it
evolves dynamically across periods based on prior performance
and external support.

This approach aligns with existing literature on productivity
modeling in informal sectors where formal performance metrics
are unavailable. The evolution of productivity over time is
captured by the equation:

θ(t +1) = a∗θt + e1 +β

Here:

• a reflects the retention rate of productivity from the previ-
ous period;

• e1 is the normalized value of financial aid (e.g., access to
welfare benefits, healthcare, insurance);

• β accounts for other exogenous improvements in produc-
tivity (e.g., on-the-job learning or experience).

BOCW financial aid value (e1):
In practice, the BOCW scheme offers uniform financial sup-
port to all registered workers, regardless of their productivity
level. Our model treats this financial aid as a fixed per-worker
benefit e1 , assumed to be equally accessible to all workers
upon registration. The innovation in our contract design lies
in creating an incentive mechanism that encourages contrac-
tors to assist in worker registration thereby enabling workers
to receive these benefits, which then enhance their productivity.
In the theoretical model, we do not assume any differentiated
or performance-based allocation of BOCW funds. Rather, the
allocation is modelled as binary and uniform: once a worker
is registered, they receive the full set of benefits. This simplifi-
cation helps isolate the impact of registration and participation
incentives without requiring assumptions about varying aid lev-
els.

In our proposed contract model, it’s not just the BOCW bene-
fit itself that adds value - its the contractor’s active effort in facili-
tating worker registration and potentially helping with follow-up
claims and benefit access that makes the model truly impactful.
In our model, by designing incentives for contractors to perform
this support role, the contract directly addresses a real-world
bottleneck in scheme implementation.

This approach is supported by empirical studies and historical
data from similar welfare programs demonstrating the effective-
ness of integrated incentive structures3,4.

Productivity Retention Rate (a):
The productivity retention rate represents the percentage of a
worker’s productivity in Period 1 (θ1) that continues or carries
over into Period 2 (θ2). If a worker was very productive in
the first month, a higher a means they are likely to remain
productive in the second month. If a is close to 1 (or 100%), it
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means most of the worker’s past productivity carries forward.
If a is low (e.g., 0.3 or 30%), it means only a small part of the
previous productivity persists, and other factors (like training or
aid) become more important.

Some of a worker’s ability carries over (e.g., experience, skill,
confidence), but part of it may fade due to fatigue, job change, or
other uncertainties. By adjusting a, the model can simulate dif-
ferent realities: High a: stable, skilled workforce with learning
effects. Low a: volatile or inconsistent productivity, possibly
due to informal or unstable work conditions.

3.3 How the contract works

Period 1:
At the beginning of period 1, the worker realizes his productivity,
θ1. The contractor has already designed a menu of contracts
for each productivity level θt theres a corresponding contract:
((pt(θt)qt(θt))) meaning, if the productivity is then the worker
should produce the output qt(θt) and the worker will receive
the payment pt(θt). The worker chooses the contract matching
his productivity level. Then he delivers the output qt(θt) and
receives the payment pt(θt) in period 1. Period 2:
At the beginning of the second period of the contract, the worker
observes their new productivity level θ2, which is now influ-
enced by both internal (past performance) and external (BOCW
aid and other factors) components:

θ2 = a ·θ1 + e1 +β (1)

• a ∗ θ1: To show the validity of our results, we consider
a general coefficient of a [0%, 100%] to represent the
worker’s productivity levels continuity from period 1 to
period 2. Indeed, the coefficient a represents the percentage
of worker’s productivity in period 1 that endures to period
2. Since the percentage is between 0% and 100%, the
way we have considered coefficient of a ε [0%, 100%] is
without loss of generality.

we have expanded our numerical analysis to include a
broader range of Worker Productivity (a = 0.05,0.5,0.95) to
capture low, medium, and high levels of continuity. These
values are representative of different potential worker, de-
tailed numerical results and graphs are provided in Ap-
pendix A

• e1: since BOCW enhances the overall well-being of work-
ers, including their physical and mental health, we consider
that e1 improves the worker’s productivity level.

• β : We also consider another variable, β , to represent other
factors on productivity. Also, the assumption of linearity is
without loss of generality.

After observing his second period productivity, θ2 the worker
selects his contract from a menu of contracts designed for all

workers with productivity levels in θ2 = [θ ,θ ] by the contractor.
The worker delivers the output level of q2(θ2) and receives the
payment p2(θ2) .

3.4 Utilities

In the context of this contract design model, utility refers to
the net benefit or satisfaction derived by the respective parties,
the worker and the contractor in each period of the contract.
The utility functions capture the trade-off between the benefits
received (payment or value from output) and the costs incurred
(effort or payment made) within the contract.

Worker’s Utility in Period t
The worker’s utility in period t refers to the net benefit or satis-
faction the worker derives after performing the assigned tasks.
It is calculated as the difference between the payment received
from the contractor and the effort or performance cost incurred
in producing the output. The worker’s utility (or satisfaction) in
period t is

Uw
t = pt(θ

t)−Cp
t (θ

t) = pt(θ
t)− (1−θt) ·qt(θ

t) (2)

where θ 1 = θ1, θ 2 = (θ1,θ2)

• pt(θ
t): The payment the worker receives from the contrac-

tor based on his productivity level θ t .

• Cp
t (θ

t): The cost or effort the worker incurs to perform his
tasks, which depends on his productivity.

• (1−θt) ·qt(θ
t): A specific way to express the performance

cost, indicating that less productive workers (θt ) experience
higher costs for the same output qt(θ

t).

The formula assumes that as a worker’s productivity increases,
the effort required for a given output decrease, leading to higher
utility.

Assumptions about Performance Cost:

• Increases with Output: The more work the worker does,
the higher the total effort or cost.

• Decreases with Productivity: More productive workers find
it easier (less costly) to produce the same amount of work
compared to less productive ones.

These assumptions are trivial: doing more work requires more
effort, but being better at the job makes each unit of work easier.

Also, although we have considered a linear performance cost
function, we claim that our insights remain the same as long
as our performance function satisfies the two above-mentioned
trivial assumptions. (refer Appendix A)

Indeed, we assume that the cost of performance is less for
workers with high productivity levels than for those with low
productivity levels.
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Contractor’s Utility in Period t:
The contractors utility in period t, captures the net benefit de-
rived from the worker’s output. It is defined as the value or profit
generated from the output produced by the worker, minus the
payment made to the worker. The contractors utility in period t
is

Uc
t = α · v(qt(θ

t))− pt(θ
t) (3)

• v(qt (θ
t)) : The value or benefit the contractor derives from

the worker’s output.

• a : A factor that adjusts this value, possibly representing
market conditions or the contractor’s efficiency in utiliz-
ing the worker’s output. Numerical analysis performed to
validate the robustness in Appendix A

• pt (θ
t) : The payment made to the worker.

where we assume v(·) is a concave function. To show the
reliability of results, we consider any α > 0.

Assumption of Concavity in v(·) :
The concavity of function v(·) is a trivial result of the well-
known Law of Diminishing Marginal Utility. This law states
that as the quantity of a good or service consumed increases, the
additional satisfaction or utility derived from each additional unit
decreases. In the context of the contractor’s utility, it suggests
that while increasing the worker’s output leads to higher overall
value, each additional unit of output contributes less to the total
value than the previous one.

The decreasing marginal utility results in considering a con-
cave, increasing utility function for the contractor. Without loss
of generality, we have considered

√
qt for our concave function.

The square root function is concave and increasing, meaning it
captures the diminishing marginal returns characteristic.

By incorporating this concave function into the contrac-
tor’s utility model, we can more accurately represent scenarios
where each additional unit of worker output yields progressively
smaller increases in value to the contractor, reflecting realistic
economic behaviours and aiding in the design of effective con-
tracts. We show that this insight is the same if we consider other
concave, increasing functions with details in Appendix A

So, the contractor’s utility is the adjusted value gained from
the worker’s output minus the payment given to the worker. The
goal for the contractor is to maximize this utility, balancing the
value obtained from the worker’s efforts against the costs of
employing him.

In summary, both the worker and the contractor aim to maxi-
mize their respective utilities. The worker seeks to get the most
benefit from his work after accounting for effort, while the con-
tractor aims to gain the highest value from the worker’s output
after paying for it. Understanding these dynamics is crucial for
designing contracts that align incentives and promote mutually
beneficial outcomes.

3.5 The Optimal Contract Design

The contractor wants to maximize her total benefit over two
periods. This total benefit is the sum of her benefits in the first
and second periods. To obtain the optimal dynamic contract, we
first specify the problem of the contract designer (the contractor)
as maximization of her life-time utility:

max
p1,q1,p2,q2

[Uc
1 +Uc

2 ]≡ max
p1,q1,p2,q2

[α × v(q1 (θ1))− p1 (θ1)+

α × v(q2 (θ1,θ2)− p2 (θ1,θ2)]

• a: A positive factor representing external conditions or
the efficiency with which the contractor benefits from the
worker’s output.

• v(.): A concave function representing the value or satisfac-
tion the contractor gets from the worker’s output

Worker’s Participation Constraint (WPC):
This maximization problem is subject to persuading the worker
to accept the contract. We capture this by introducing a con-
straint named ”Worker’s Participation Constraint”, (WPC):

Uw
1 +Uw

2 ≥ 2×Uw
0 ≡ p1 (1−θ1)·q1+ p2−(1−θ2)·q2 ≥ 2∗Uw

0

where Uw
0 is the worker’s outside option. For the worker

to agree to the contract, the combined utility(satisfaction) he
gains over both periods should be at least as much as his outside
option. As there are no unemployment benefits available to
the workers who do not apply for BOCW, we assume that the
worker’s alternative option has a value of zero.

In essence, the optimal contract is one that aligns the con-
tractor’s desire for maximum benefit with the worker’s need for
fair compensation, ensuring both parties are satisfied over the
duration of the contract.

Solution
The contractor aims to maximize her total benefit over two
periods by deciding on the optimal amounts of work (outputs)
she expects from the worker in each period, denoted as q1 and
q2. Simplifying the Problem:

Instead of directly determining both the payments (p1, p2)
and the outputs (q1,q2), the contractor simplifies her decision-
making by focusing solely on the outputs. we first reduce the
number of our decision variables from p1,q1, p2,q2 to q1,q2 .
This is possible because once the optimal outputs are determined,
the corresponding payments can be set to ensure the worker’s
participation.

Since the contractor is the designer of the contract, she can ex-
tract the whole surplus of the contract which is α ×v(q1 (θ1))−
Cp

1 (θ1)+α ×v
(
q2 (θ1,θ2)−−Cp

2

(
θ 2

)
. On the other hand, the

outside option of workers is 0 .
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Worker’s Total Utility: The worker’s total utility over the two
periods is given by: using equation (2)

Uw
1 +Uw

2 = p1 (θ1)−Cp
1 (θ1)+ p2

(
θ

2)−Cp
2

(
θ

2)
Given that the worker’s alternative option yields zero utility,

the contractor sets the payments such that the worker’s total
utility is non-negative: Therefore, we obtain

p1
(
θ

1)+ p2
(
θ

2)= (1−θ1)∗q1
(
θ

1)+(1−θ2)∗q2
(
θ

2)
Reformulating the Contractor’s Objective: Substituting the ex-

pression for p1 and p2 into the contractor’s total benefit function,
function (P) becomes equivalent to:

Total Benefit (P)≡ max
q1,q2

[
α · v(q1 (θ1))− (1−θ1) ·q1 (θ1)

+α · v(q2 (θ1,θ2))− (1−θ2) ·q2 (θ2)
]

Total Benifit formula, v(q) represents the value or utility the
contractor derives from the worker’s output.

Optimizing the Outputs:
To determine the optimal output level of the worker in Period 2,
we solve the contractors utility maximization problem by taking
the first-order condition of the utility function with respect to
q2.

The value function v(qt) is assumed to follow a concave
increasing form v(qt) =

√
qt capturing the law of diminishing

returns. Solving the first-order condition, the optimal output is
derived for q2 as: (

α × 1
2(1−θ2)

)2

q1
(
θ

1)= (
α × 1

2(1−θ1)

)2

The detailed derivation steps are provided in Appendix A.
Similar to Period 1, the contractor determines the optimal

output level q1 for the worker in Period 1 by maximizing her
utility function. Taking the first-order condition of the contrac-
tor’s utility function with respect to q1, and using the concave
value function v(qt) =

√
qt , the optimal output level in Period 1

is derived as:

q1(θ
1) =

(
α · 1

2
(1−θ1)

)2

The detailed derivation steps for obtaining q1 are provided in
Appendix A. By determining the optimal outputs q1 an q2 using
the above formulas, the contractor can then set the payments p1
and p2 accordingly to ensure the worker’s total utility is non-
negative. This approach allows the contractor to maximize her
total benefit while ensuring the worker is willing to participate
in the contract.

4 Numerical Analysis Results and Insights

In this section, we perform sensitivity analysis to study how
BOCW scheme’s financial aid (e1) influence various factors
within the construction sector.

Key Assumptions:

• Financial Aid Range: The financial aid e1 varies between
0 and 0.1.

• Initial Productivity (θ1): The worker’s starting productivity
level is set at 0.1.

• Profit Distribution: On average, 60% of the total profit
from a construction project goes to the worker, and 40%
goes to the contractor.

4.1 The effect of e1 on Worker’s Productivity (q2)

Fig. 1 The effect of e1 on q2 and the contractors profit

As Figure 1(a) shows, increasing e1 leads to higher worker
effort in the second period. This indicates that government
financial aid (e1) positively influences worker productivity.

4.2 The effect of e1 on the contractors profit

As the main result of our paper, Figure 1(b) shows that higher e1
leads to increased contractor profit. This indicates that when the
government provides more financial aid to workers, it indirectly
benefits the contractors by enhancing worker productivity, which
in turn increases the contractor’s earnings.

4.3 The effect of e1 on the worker’s profit

As Figure 2(a) shows, increasing e1 positively impacts the
worker’s profit, The financial aid not only supports the worker
directly but also enables them to work more effectively, leading
to higher income.
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4.4 The effect of e1 on the social surplus

As Figure 2(b) shows, increasing the value of BOCW increases
the social surplus. This implies that it is advantageous for all
stakeholders within the Indian construction sector for workers
to receive assistance from the BOCW scheme.

Fig. 2 The effect of e1 on the social surplus and the worker’s profit

Therefore, we have shown that if the contractors consider the
workers as their long-term partners, and facilitate their registra-
tion process for BOCW, she benefits from the improvement in
the workers productivity and her profit increases.

5 Designed Contract Practicality

5.1 Benefits to Contractors & Workers

Policymakers can integrate the contract design approach into
existing labor welfare policies, enhancing their effectiveness.
This approach provides a structured mechanism to improve
worker welfare and productivity, ensuring better utilization of
allocated budgets for social security schemes like BOCW27.

In addition, contractors benefit from increased worker produc-
tivity and improved project quality. The contract design creates
a stable and motivated workforce, reducing turnover and en-
hancing overall project outcomes. Contractors are incentivized
to assist in worker registration as it directly correlates with im-
proved profitability28. Also, construction workers receive direct
benefits, including increased earnings, improved welfare, and
access to social security benefits. This contract design ensures
that workers contributions are recognized and rewarded, leading
to better job satisfaction and long-term improvements in their
livelihoods29.

5.2 Practical Implementation Challenges

Regarding the feasibility of implementing this contract design
we might face potential barriers such as administrative chal-
lenges, resistance from contractors, and logistical issues are
discussed. Strategies that can be adopted to address these barri-
ers,

• Digital platforms can streamline administrative tasks such
as registration and documentation;

• Training sessions can help both contractors and workers
understand and adopt the new contract structure;

• Collaboration with labour unions and NGOs can further
support smooth implementation and ensure transparency19.

By proactively addressing these challenges, the designed con-
tract can shift from a theoretical model to a practical solution
that benefits all stakeholders in the construction sector.

6 Future Research

Future research should explore the long-term impact of the con-
tract design approach, variations in different regions, and its
applicability to other sectors. Further studies can also examine
the effectiveness of digital tools in facilitating the registration
process and the role of continuous training in improving worker
productivity. Additionally, future research could incorporate
more variables to enrich the analysis and provide a more compre-
hensive understanding of the contract designs impact. Variables
such as gender, age, and educational background can provide
insights into how different demographics are affected by the con-
tract design. For instance, examining gender-specific impacts
could reveal whether the contract design equally benefits male
and female workers or if adjustments are needed to ensure equi-
table outcomes30. Including these variables can also help tailor
the contract design to address specific needs and challenges
faced by diverse groups within the construction workforce.

We acknowledge that in our model, worker productivity in
the second period (θ2) is modelled as a function of past pro-
ductivity (a ), government financial aid (e1), and an external
factor parameter (β ), which captures other influences on pro-
ductivity such as health, training, and work environment. While
we have adopted a linear representation for this relationship
for modelling tractability, a standard practice in contract theory
literature23,24. We have clearly stated that this assumption is
made without loss of generality. We believe that the key insight
of our model that government financial aid positively impacts
worker productivity would hold true even if a non-linear or more
complex relationship is modelled. Future empirical work with
access to field-level data could further explore such modelling
extensions.

Moreover, we highlight that the strength of our proposed
contract design lies not only in the provision of financial aid
but also in incentivizing the contractor to play an active role in
facilitating worker registration, supporting documentation, and
assisting in follow-up benefit claims. This operational aspect
directly addresses a critical real-world bottleneck in the BOCW
schemes implementation. Future avenue for research can also
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be towards Investigating the long-term behavioral impact of
contractor-led registration efforts.

7 Conclusion and Limitations

In conclusion, the Building and Other Construction Workers
(BOCW) scheme in India represents a crucial initiative aimed at
addressing the welfare of the construction labor force. However,
it faces the substantial challenge of underutilization, primarily
due to factors like limited awareness and challenging registration
criteria. To tackle this issue effectively, we have proposed an
innovative contract design using game theoretical modeling.

Our findings show that government financial aid plays a piv-
otal role in increasing worker effort and productivity, especially
over time. This aligns with research on Active Labor Market
Programs6, emphasizing the power of incentive structures in
policy design. In doing so, our work contributes to the literature
on labor market efficiency and formalization, particularly in
developing countries. Furthermore, by addressing labor infor-
mality through a structured, incentive-driven contract, we build
on W.F. Maloneys work and offer a practical intervention for the
construction sector7.

The proposed contract also has implications during economic
shocks, such as the COVID-19 pandemic. In such contexts,
informal workers are particularly vulnerable. Our approach of-
fers a bottom-up mechanism to support these workers through
improved access to insurance, healthcare, and unemployment
support. This adds to the literature on resilience-building poli-
cies in developing economies.

While the proposed contract design offers a promising ap-
proach to boost enrollment in the Building and Other Construc-
tion Workers (BOCW) scheme, several significant barriers to
implementation must be addressed to ensure its success. One of
the primary challenges in implementing the proposed contract
design is the potential resistance from contractors within the
construction industry. Historically, contractors may have been
hesitant to advocate for the BOCW scheme or guide laborers
through the registration process due to a variety of reasons. Con-
tractors often operate under tight project timelines and budgets,
which may limit their willingness to engage in administrative
tasks related to worker registration. Additionally, some contrac-
tors may be concerned that increased worker participation in the
BOCW scheme could lead to higher labor costs or regulatory
burdens. Overcoming this resistance will require effective com-
munication and collaboration between policymakers, contrac-
tors, and labor organizations to demonstrate the mutual benefits
of the proposed contract.

The implementation of the contract design is likely to en-
counter bureaucratic hurdles and administrative complexities.
Streamlining the registration process for construction workers,
particularly for those engaged in short-term or project-based em-
ployment, is essential. The requirement for workers to present

a 90-day certificate of employment is one such administrative
hurdle. Given the informal nature of many construction jobs,
obtaining such certificates may be challenging for workers. Pol-
icymakers must work to simplify the application process, poten-
tially through digital platforms, and ensure workers have access
to the necessary documentation.

Finally, implementing the proposed contract design may re-
quire financial resources, not only for incentivizing contrac-
tors but also for promoting awareness of the BOCW scheme
among workers. Financial constraints, particularly in a sector as
labor-intensive as construction, can be a significant barrier. Pol-
icymakers must carefully allocate resources to cover the costs
associated with incentivizing contractors, monitoring contract
compliance, and conducting awareness campaigns. Securing the
necessary funding and budget allocations will be crucial for the
successful execution of the contract design.

In conclusion, while challenges remain, our proposed con-
tract design offers a promising path forward to strengthen labor
welfare, boost productivity, and promote formalization in In-
dia’s construction sector. With collaborative implementation
and targeted policy support, it can contribute meaningfully to
the long-term resilience of both workers and the industry.

References
1 The Building and Other Construction Workers (Regulation of

Employment and Conditions of Service) (BOCW) Act, 1996,
https://www.indiacode.nic.in/bitstream/123456789/
1989/1/A1996 27.pdf, 1996, New Delhi, India: Government of India.

2 THE HINDU, States yet to use 70,744 cr. funds for welfare of construction
workers, 2025, https://www.thehindu.com/news/national/
states-yet-to-use-70744-cr-funds-for-welfare-of-
construction-workers/article69132724.ece.

3 A. Banerjee and E. Duflo, Poor Economics: A Radical Rethinking of the
Way to Fight Global Poverty, PublicAffairs, 2011.

4 A. Deaton, The Analysis of Household Surveys: A Micro econometric
Approach to Development Policy, Johns Hopkins University Press, 1997.

5 G. S. Fields, Labour Economics, 2011, 18, S16–S22.

6 A. J. G. Brown and J. Koettl, IZA Journal of Labor Economics, 2015, 4,
1–36.

7 W. F. Maloney, Handbook of Development Economics, Elsevier, 2010, vol. 5,
pp. 2785–2936.

8 S. Verick, Womens labour force participation in India: Why is it so low?,
International labour organization technical report, 2014.

9 S. Baird, J. Friedman, E. Chirwa, J. De Hoop, C. McIntosh and B. T. Zulu,
Journal of Development Economics, 2018, 133, 117–135.

10 X. Wang, Social Science Review, 2021, 7, 1–12.

11 J. Haushofer and J. Shapiro, The long-term impact of unconditional cash
transfers: Experimental evidence from Kenya, 2018, Working Paper.

12 E. Duflo, Journal of Economic Literature, 2012, 50, 1051–1079.

© The National High School Journal of Science 2025 NHSJS Reports | 9

https://www.indiacode.nic.in/bitstream/123456789/1989/1/A1996__27.pdf
https://www.indiacode.nic.in/bitstream/123456789/1989/1/A1996__27.pdf
https://www.thehindu.com/news/national/states-yet-to-use-70744-cr-funds-for-welfare-of-construction-workers/article69132724.ece
https://www.thehindu.com/news/national/states-yet-to-use-70744-cr-funds-for-welfare-of-construction-workers/article69132724.ece
https://www.thehindu.com/news/national/states-yet-to-use-70744-cr-funds-for-welfare-of-construction-workers/article69132724.ece


13 R. Prasad and S. Bhat, International Journal of Construction Management,
2022.

14 T. Walmsley, A. Rose, R. John, D. Wei, J. Hlvka, J. Machado and K. Byrd,
Economic Modelling, 2023, 120, 106147.

15 P. Kumari and K. Kumar, International Journal of Social Science and
Economic Research, 2024, 9, 1–15.

16 P. Goswami, Critical Sociology, 2023, 50, 125–140.

17 S. Kumar, Journal of Indian Social Research, 2021, 12, 175–188.

18 R. Sharma, Journal of Vocational Education and Training, 2019, 61, 129–
145.

19 J. Patel, Journal of Public Administration, 2022, 61, 355–372.

20 R. Jensen, The Quarterly Journal of Economics, 2010, 125, 515–548.

21 T. P. Schultz, Journal of Development Economics, 2004, 74, 199–250.

22 S. Kumar, Journal of Public Economics, 2019, 112, 45–58.

23 J. J. Laffont and D. Martimort, The Theory of Incentives: The Principal-
Agent Model, Princeton University Press, Princeton, NJ, 2002.

24 P. Bolton and M. Dewatripont, Contract Theory, MIT Press, Cambridge,
MA, 2005.

25 D. Fudenberg and J. Tirole, Game Theory, MIT Press, Cambridge, MA,
1991.

26 A. Kundu and R. Ranjan, Indian Journal of Labour Economics, 2020.

27 P. Bardhan and D. Mookherjee, American Economic Journal: Applied
Economics, 2011, 3, 35–68.

28 Desai and P. Mehta, Journal of Development Policy, 2016, 22, 79–102.

29 A. Singh and R. Ahuja, Journal of Labor Economics, 2015, 33, 523–552.

30 S. Jayachandran, World Bank Research Observer, 2020, 35, 28–57.

Appendix A
This appendix provides the detailed mathematical derivations, model assump-
tions, and numerical analysis that support the findings of this study. The first
part outlines the formulation of the dynamic contract model, key parameters,
and the derivation of optimal output decisions for both periods of the contract.
The second part presents sensitivity analysis conducted to test the robustness of
the proposed contract design under different parameter settings. These include
variations in worker productivity continuity, contractor utility functions, and the
output valuation parameter . The numerical analysis aims to validate that the
main insights of the research remain consistent across diverse scenarios.

Derivation of Optimal Output

Derivation of Optimal Output in Period 2
To determine the optimal output q2, we take the derivative of the contractors
utility function with respect to q2: Step 1: First-Order Condition for q2

d p
dq2

= α × v
′
(q2(θ

2))− (1−θ2) = 0

Since, we considered v(qt) = q0.5
2 , then v

′
(qt) = 0.5 ·q−0.5

2 .
So, we can rewrite the above equation as

d p
dq2

= α × 1
2
(q2(θ

2))−1/2 − (1−θ2) = 0

The above equation is equivalent to

≡ α × 1
2
(q2(θ

2))−1/2 = (1−θ2)

Step 2: Rearranging to Solve for the optimal output q2

≡ α × 1
2(q2(θ 2))1/2 = (1−θ2)

≡ α × 1
1−θ2

= 2 · (q2(θ
2))1/2

≡ q2(θ
2) =

(
α × 1

2(1−θ2)

)2

This gives the optimal output level of the worker in Period 2.

Derivation of Optimal Output in Period 1
To determine the optimal output q1, we take the derivative of the contractors
utility function with respect to q1:

d p
dq1

= α × v′(q1(θ1))− (1−θ1) = 0

Since, we considered v(qt) = q0.5
2 , then v

′
(qt) = 0.5 · q−0.5

2 . So, we can
rewrite the above equation as:

d p
dq1

= α × 1
2
(q1(θ

1))−1/2 − (1−θ1) = 0

So, we can find the optimal q1. The above equation is equivalent to:

α × 1
2
(q1(θ

1))−1/2 = (1−θ1)

≡ α × 1
2(q1(θ 1))1/2 = (1−θ1)

≡ α × 1
1−θ1

= 2 · (q1(θ
1))1/2

≡ q1(θ
1) =

(
α × 1

2(1−θ1)

)2

This gives the optimal output level for the worker in Period 1.

Numerical Analysis
In this appendix, we present the detailed numerical analysis performed to vali-
date the robustness of our results. The numerical analysis is divided into three
sections:

1. Continuity of Worker Productivity (a):
We vary the parameter a to test low (a =0.05 a = 0.05 a =0.05), medium
(a =0.5 a = 0.5 a=0.5), and high (a =0.95 a = 0.95 a =0.95) continuity of
worker productivity.

2. Concave Utility Functions (qt):
We consider three different concave utility functions (q0.1

t ,q0.5
t ,andq0.9

t )
to ensure the robustness of our contractor utility model.

3. Output Valuation Parameter a:
We vary a to test its impact on worker and contractor outcomes, consider-
ing small (a=33), medium (a=30), and large (a=3000) values.

In all cases, we confirm that the main insight of our paper the increasing effect
of e1 on the workers second-period output, contractors profit, workers profit,
and social surplus remains unchanged.

Therefore, for all the tested values of a, the main insight of our paper, which
is the increasing effect of e1 on the workers second-period output, the contractors
profit, the workers profit, and social surplus, is confirmed.
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Continuity of Worker Productivity (a)

Concave Utility Functions (qt)

In the second part of our numerical analysis, we consider different concave
functions for the utility of contractors. Without loss of generality, we have
considered

√
qt for our concave function in the manuscript, but here we show

that the insight is the same if we consider other concave, increasing functions.
We consider three different increasing concave functions here: q0.1

t ,q0.5
t ,q0.9

t
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Contractor’s Valuation Coefficient a

In the last part of our numerical analysis, we tested a values of 3,
30, and 3000 to explore the impact of this parameter. Across all
three cases, the increasing effect of e1 on the key metrics remains
unchanged, demonstrating the robustness of our findings.
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In conclusion, the analytical derivations confirm the theoretical
foundations of the proposed contract model, while the sensitivity
analysis further demonstrates its practical robustness. Across
all tested variations of key parameters-including productivity
retention rate, concave utility functions, and the contractor’s
valuation coefficient a-the increasing impact of BOCW finan-
cial aid (e1) on worker productivity, contractor profit, worker
earnings, and social surplus remains consistent. These findings
provide strong validation for the applicability of the dynamic
contract design in real-world construction sector settings.
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