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Abstract: This study explores how Information and Communication Technology
(ICT) shapes resource misallocation and productivity in firms, via a theoretical
framework using a Cobb-Douglas production function under decreasing returns to
scale (DRS). ICT, though typically seen as a productivity enhancer, also influences the
allocation of labor and capital across heterogeneous firms. Our model shows that
while ICT raises Total Factor Productivity (TFP), profit-maximizing firms tend to
under invest in ICT due to diminishing private returns and increasing marginal cost.
This underinvestment exacerbates misallocation of inputs across firms and restrains
aggregate productivity growth. Comparative statics and simulations confirm that ICT
reduces distortions in input use, yet firms systematically invest below the socially
optimal level. We calibrate the model using firm-level data from analogous
developing economies to demonstrate that widespread ICT underuse contributes to
persistent inefficiencies, especially in contexts like Ethiopia. The findings highlight a
critical divergence between private incentives and socially optimal ICT investment.
To correct this, we propose policy measures ICT subsidies, targeted skill
development, and expansion of digital infrastructure to align private and social
returns. By reducing resource misallocation and encouraging optimal ICT adoption,
these interventions can strengthen productivity and support inclusive economic
growth in Ethiopia and similar settings.
Keywords: ICT, resource misallocation, firm productivity, input allocation, Total
Factor Productivity (TFP), developing economies

1. Introduction
Information and Communication Technology (ICT) has become a central driver of
transformation in modern economies, reshaping production processes, enhancing firm
efficiency, and fostering economic growth. Recognized as a general-purpose technology,
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ICT alters how information is managed, resources are allocated, and activities coordinated
across firms and industries (Porter and Heppelmann, 2014). Tools such as enterprise
resource planning (ERP) systems, Internet of Things (IoT) devices, cloud computing, and
big data analytics allow firms to optimize decision-making and operational performance,
highlighting ICT’s potential to improve productivity and profitability.

Despite widespread ICT adoption, empirical evidence points to a persistent “ICT paradox”:
while some firms report efficiency gains, overall productivity improvements remain
uneven, especially in developing economies (Brynjolfsson and Hitt, 1998; Dedrick et al.,
2003). Contributing factors include fragmented or non-strategic ICT integration, financial
and managerial constraints, and structural market inefficiencies. Many firms focus on
administrative or peripheral applications rather than embedding ICT into core
production, limiting its capacity to enhance input efficiency and reduce operational losses
(O’ Mahony and Vecchi, 2005).

This study develops a theoretical framework to examine three interrelated pathways
through which ICT influences firm performance. First, ICT directly enhances productivity
by improving output levels and efficiency, although the magnitude of its effect depends
on firm size, industry characteristics, and input complementarities (Brynjolfsson and Hitt,
2000; O’'Mahony and Vecchi, 2005). Second, ICT reduces material input failures including
spoilage, defects, or mismanagement through digital monitoring tools such as sensors,
RFID systems, and predictive analytics, improving reliability and reducing costs
(Blanchard, 2010; Zhong et al., 2017; Monk & Wagner, 2012). Third, ICT mitigates resource
misallocation by improving transparency, coordination, and information flow, enabling
more efficient allocation of labor, capital, and materials, and enhancing total factor
productivity (TFP) (Restuccia and Rogerson, 2008; Hsieh and Klenow, 2009; Cirera et al.,
2020).

However, ICT investment often remains below socially optimal levels. Under decreasing
returns to scale (DRS), firms face rising marginal costs and limited financial or managerial
capacity, creating a gap between profit-maximizing and socially optimal ICT adoption.
This underinvestment perpetuates inefficiencies, constraining aggregate productivity
growth, particularly in resource-constrained settings such as Ethiopia.

Guided by these considerations, the study addresses three research questions:

e How does ICT investment influence firm productivity and profitability under
decreasing returns to scale?

e What is the relationship between ICT investment and material input failure rates?

e To what extent can ICT reduce resource misallocation across firms and improve TFP?

The general objective is to develop a theoretical model using a Cobb-Douglas production
framework under DRS that captures ICT’s role as (i) a productivity-enhancing factor, (ii) a

www.scope-journal.com



Scope
Volume 15 Number 03 September 2025

tool to reduce material failures, and (iii) a mechanism to improve resource allocation. The
model is supported by simulations and graphical analysis to demonstrate the divergence
between profit-maximizing and socially optimal ICT investment.

By integrating these pathways, the study provides a unified theoretical perspective on
ICT’s contribution to productivity and efficiency. The findings offer insights for strategic
firm-level decisions and policy interventions, such as ICT subsidies, digital infrastructure
development, and workforce skill enhancement, aimed at bridging the investment gap
and promoting inclusive economic growth in developing economies.

2. Literature Review

2.1. ICT and Resource Misallocation

2.1.1. Introduction

Resource misallocation occurs when productive inputs such as labor, capital, and
materials are not deployed to their most efficient uses within an economy. Instead of
flowing to firms or sectors capable of generating the highest returns, resources often
remain trapped in less productive operations due to market failures, institutional
weaknesses, or informational frictions. Such inefficiencies hinder overall productivity and
constrain economic growth (Hsieh & Klenow, 2009).

Pioneering work by Hsieh and Klenow (2009) demonstrates the magnitude of this
problem in countries like China and India, showing that aligning resource allocation with
the efficiency observed in advanced economies could increase total factor productivity
(TFP) by as much as 60%. Economic theory suggests that efficient markets should
equalize marginal returns across firms; however, disparities in returns indicate significant
misallocation, often driven by barriers such as limited access to finance, rigid labor
regulations, insecure property rights, corruption, and incomplete information (Restuccia
& Rogerson, 2008). Even firms with optimal production technologies cannot fully offset
systemic misallocation, emphasizing the need for analyses that incorporate institutional
and market conditions.

2.1.2 Theoretical Models Linking ICT to Misallocation

While empirical evidence increasingly supports the role of ICT in improving resource
allocation, formal theoretical models remain limited. Extending the Cobb-Douglas
production framework, this study introduces a misallocation parameter (6) to represent
deviations from optimal input use. ICT intensity (M) is modeled as inversely related to
misallocation: 6=0,e-M

Where 6, denotes the baseline misallocation in the absence of ICT and § > o captures the
extent to which ICT reduces inefficiencies. As ICT adoption increases, 8 declines,
reflecting more efficient input allocation. Simulations indicate that in economies with
initially high misallocation, even modest ICT adoption can produce significant
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productivity gains, whereas in low-misallocation settings, complementary institutional
reforms may be necessary to achieve substantial improvements (Bertelsmann et al., 2013).
This theoretical approach also considers diminishing returns to ICT. Early-stage digital
tools, such as basic accounting or procurement systems, can yield large gains, but more
advanced technologies including Al, ERP, and predictive analytics require institutional
readiness and skilled labor to realize their full potential.

2.1.3 Mechanisms through Which ICT Mitigates Misallocation

ICT alleviates frictions that impede efficient resource use by lowering information costs,
improving decision-making, and enhancing coordination across firms. Key mechanisms
include:

Market Transparency: Digital platforms, real-time price comparison tools, and online
marketplaces provide accurate information, enabling firms to allocate resources to their
most productive uses (Aker and Mbiti, 2010).

Financial Inclusion: Mobile money, peer-to-peer lending, and blockchain-based credit
systems broaden access to finance, allowing previously constrained firms to invest
optimally (Jack and Suri, 2014).

Internal Firm Efficiency: ERP and Customer Relationship Management (CRM) systems
enhance real-time visibility of production, inventory, and customer demand, supporting
flexible allocation of labor and capital (Bloom et al., 2014).

Supply Chain Coordination: Technologies such as Electronic Data Interchange (EDI) and
blockchain logistics platforms reduce redundancies and improve input distribution across
the value chain (Aral et al., 2012).

2.1.4 Empirical Evidence on ICT and Allocative Efficiency

Empirical studies demonstrate that ICT adoption positively impacts resource allocation

efficiency:

¢ In the United Kingdom, firms with higher ICT intensity exhibit lower variability in the
marginal productivity of labor and capital, indicating more optimal input use
(DeStefano et al., 2018).

e In Ethiopia and other African nations, digital tools such as e-procurement systems and
electronic inventory management improve operational coordination and balance input
utilization (World Bank, 2020).

e At the macro level, countries with developed digital ecosystems show narrower
productivity disparities across firms, suggesting that ICT lowers informational and
transactional barriers and channels resources to efficient enterprises (McKinsey Global
Institute, 2019).
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e Sector-specific applications reinforce these findings: mobile applications in agriculture
optimize labor and land use, digital sensors in manufacturing monitor machinery to
prevent wasteful labor allocation, and service industries benefit from scheduling
software that reduces input inefficiencies (World Bank, 2021; Zhu & Kraemer, 2005).

3. Methodology

3.1 Cobb-Douglas Production Function under DRS

The study models firm output as:

Y= A-LKEMY

With a+B+y<1 to reflect decreasing returns to scale. ICT (M) influences both TFP and
input allocation efficiency.

3.2 Modeling Resource Misallocation

Resource misallocation is captured through:0=6,e-*M

Where 6 decreases with ICT intensity. This allows simulation of ICT’s impact under
varying misallocation, ICT cost, and complementary investment scenarios.

3.3 Assumptions

Decreasing returns to scale (o+p+y<1).

ICT as a productivity enhancer and allocative tool.

Profit-maximizing firms may underinvest relative to socially optimal levels.
Market frictions reflect real-world constraints in developing economies.
Complementary investments amplify ICT’s effectiveness.

3.4 Simulation Approach

Simulations vary ICT costs, initial misallocation, and complementary investments to
evaluate effects on TFP, profit, and resource allocation. Comparative statics identify
divergences between private and socially optimal ICT adoption.

1. Results and Discussions
Key Findings on Resource Misallocation
The simulation results derived from the Cobb-Douglas production framework under
decreasing returns to scale (DRS) highlight the critical role of ICT in addressing resource
misallocation across firms:

ICT Reduces Resource Misallocation: ICT adoption improves the allocation of labor,
capital, and materials by lowering informational frictions, enhancing coordination, and
enabling firms to respond dynamically to market conditions. This results in more efficient
use of productive inputs across the economy.
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Persistent Misallocation in Profit-Maximizing Firms: While ICT increases total factor
productivity (TFP), profit-maximizing firms systematically underinvest in ICT relative to
the socially optimal level. This underinvestment perpetuates input misallocation,
indicating a divergence between private incentives and aggregate efficiency.

Higher ICT Investment Narrows the Misallocation Gap: Simulations show that as ICT
intensity increases, resource misallocation declines, and the gap between the actual and
optimal allocation of inputs narrows. Economies or sectors with initially high
misallocation benefit disproportionately from incremental ICT adoption.

Cost Sensitivity of Misallocation Reduction: Lower ICT costs encourage higher
investment, which both enhances firm-level performance and mitigates misallocation.
This highlights the potential for policy interventions such as subsidies, digital
infrastructure support, and skill development to accelerate the correction of allocative
inefficiencies.

ICT as a Corrective Policy Instrument: Beyond direct productivity gains, ICT functions
as a structural tool to address systemic inefficiencies. By aligning private decisions with
socially optimal outcomes, ICT reduces distortions in input allocation and strengthens
aggregate productivity, especially in developing economies with structural constraints.
Overall, the findings underscore ICT’s dual role: not only as a driver of firm-level
performance but also as a mechanism for correcting resource misallocation. These results
provide a theoretical basis for policy measures aimed at bridging the ICT investment gap
and enhancing allocative efficiency at the macroeconomic level.

2. Policy Implications
Based on the theoretical framework and simulation results, several policy measures are
recommended to leverage ICT for improving the allocation of productive resources and
reducing systemic inefficiencies:

5.4.1 Promote ICT Investment Incentives

Persistent gaps between profit-maximizing and socially optimal ICT investment indicate
that market forces alone may not correct misallocation. To address this:

Implement targeted tax incentives, such as credits or accelerated depreciation, for ICT-
related capital investments, with emphasis on small and medium-sized enterprises (SMEs)
facing higher financial constraints.

Establish matching grants or co-financing schemes to lower the initial cost of ICT
adoption, encouraging broader participation and faster diffusion across firms.
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5.4.2 Encourage Complementary Human and Organizational Investments

ICT adoption alone is insufficient to correct misallocation; complementary investments
enhance its effectiveness:

Promote workforce development programs that strengthen digital literacy and ICT-
specific skills through vocational training and continuous professional education.

Support managerial innovation and process reengineering initiatives that assist firms in
integrating ICT into production and decision-making processes, ensuring resources are
deployed efficiently.

5.4.3 Strengthen Digital Infrastructure and Access

Unequal access to digital technologies exacerbates misallocation across regions and firms.
Governments should:

Expand broadband internet and mobile network coverage, particularly in rural and
underserved areas, to facilitate equitable access to ICT.

Promote digital platforms that improve market functioning by enhancing matching
between firms, labor, and capital, thereby reducing allocative inefficiencies.

5.4.4 Integrate Material Efficiency Objectives into ICT Policy

ICT can simultaneously address resource misallocation and material inefficiencies:
Incentivize the adoption of advanced ICT tools such as sensors, material tracking systems,
and predictive maintenance platforms to optimize material usage and reduce production
waste.

Establish national standards and certification systems to recognize [CT-enabled efficiency
improvements, fostering innovation, accountability, and broader adoption.

5.4.5 Develop Sector-Specific Digital Strategies

Heterogeneity in ICT impacts necessitates differentiated approaches:

Formulate sector-specific digital transformation roadmaps, especially for industries
heavily reliant on material inputs, such as agro-processing, textiles, and manufacturing.
Encourage public-private partnerships (PPPs) to pilot ICT interventions in priority
sectors, generating empirical evidence and best practices that can scale nationally.

By implementing these measures, policymakers can leverage ICT not only to boost firm-
level productivity but also to correct systemic misallocation of resources, aligning private
incentives with broader social efficiency and enhancing aggregate total factor
productivity.

3. Conclusions

This study demonstrates that Information and Communication Technology (ICT) plays a
critical role in addressing resource misallocation across firms. Using a theoretical and
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simulation-based approach grounded in a Cobb-Douglas production framework under
decreasing returns to scale, the analysis highlights several key insights:

Persistent Underinvestment in ICT: Firms consistently invest less in ICT than what
would maximize social productivity. Profit-driven decisions fail to internalize the positive
externalities of ICT, such as improved allocation of labor, capital, and materials, resulting
in persistent misallocation across the economy.

ICT Reduces Input Distortions: Simulation results indicate that ICT adoption enhances
the efficiency of resource use, correcting deviations from optimal input allocation. By
improving transparency, coordination, and responsiveness, ICT enables firms to deploy
productive inputs more effectively, thereby raising aggregate total factor productivity
(TFP).

Complementary Investments are Essential: The benefits of ICT for reducing
misallocation are not realized in isolation. Gains are amplified when ICT adoption is
combined with investments in human capital, organizational processes, and supportive
infrastructure, particularly under decreasing returns to scale.

Need for Policy Intervention: The gap between profit-maximizing and socially optimal
ICT levels underscores the necessity of well-targeted public policies. Without
interventions such as ICT subsidies, digital infrastructure development, or workforce
training firms are unlikely to achieve the level of ICT adoption required to correct
systemic inefficiencies.

In summary, ICT holds significant potential as a corrective mechanism for resource
misallocation, promoting more efficient input allocation and enhancing aggregate
productivity. Realizing this potential requires coordinated efforts that extend beyond
individual firm incentives to include supportive institutional, infrastructural, and policy
frameworks.

4. Implications for Future Research
The theoretical framework and simulation findings of this study provide a foundation for
several directions in future research on ICT and resource misallocation:

Empirical Validation of ICT’s Role in Correcting Misallocation: Future studies should
empirically test the theoretical predictions using firm-level or sectoral panel data,
particularly in developing economies where ICT adoption is uneven. Such research could
quantify the ICT investment gap, identify the determinants of underinvestment, and
assess how ICT influences the efficient allocation of labor, capital, and materials across
firms.
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Integration of Uncertainty and Risk in Misallocation Models: Extending the
deterministic framework to incorporate stochastic elements such as technology shocks,
demand fluctuations, or uncertain returns on ICT investments would provide a more
realistic assessment of firm behavior. This approach could reveal how risk and uncertainty
affect firms’ decisions regarding resource allocation and the potential for ICT to mitigate
misallocation under volatile conditions.

Sectoral Heterogeneity and General Equilibrium Effects: Developing multi-sector or
general equilibrium models would allow researchers to account for differences in ICT
effectiveness across industries and capture inter-sectoral spillovers. This would provide
insights into how ICT adoption in one sector affects resource allocation and productivity
in other sectors, offering a more comprehensive understanding of its macroeconomic
impact on reducing misallocation.

Opverall, future research should aim to bridge the gap between theoretical predictions and
empirical evidence, considering the complex interplay between ICT adoption, resource
misallocation, and structural economic constraints. Such studies will inform policy
interventions designed to align private ICT incentives with socially optimal resource
allocation.
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