Yoy The effect of increasing the scale of
demand on the emergence of
innovative firms in
292 public procurement

Received 3 April 2025 Koki Arai
Revised 17 June 2025 : : : P D .
3 August 2005 Faculty of Business Studies, Kyoritsu Women’s University, Tokyo, Japan
Accepted 18 August 2025
Abstract

Purpose — This study aims to examine the association of demand scale expansion on the emergence of
innovative firms in public procurement. It investigates how the size of overall demand and number of
procurement opportunities influence the generation of innovative construction companies in Japan.

Design/methodology/approach — Using public procurement data from Japan’s construction industry
(2006-2020), this study uses a move-to-front model to explain innovation emergence and applies fixed-effects
panel analysis to examine how demand scale impacts innovative firm creation across different regional
markets over time.

Findings — This study identifies a significant positive relationship between the emergence of innovative firms
and both the total procurement volume and the number of procurement opportunities. Specifically, increasing
both the total procurement budget and the number of procurement opportunities is more effective for
stimulating innovation than simply increasing average project size. The elasticity of innovation with respect to
total budget exceeds one, suggesting that increases in the budget are associated with proportionally greater
effects on innovation than increases in procurement opportunities alone.

Practical implications — The findings indicate that both business expansion orientation and price sensitivity
orientation are necessary conditions for innovation. Public procurement can be strategically structured to
stimulate innovation by increasing both the total budget and the number of procurement opportunities, rather
than concentrating solely on large-scale projects.

Social implications — Strategic management of public procurement can significantly influence innovation in
the construction industry, with potential benefits for economic growth, infrastructure development and public
service delivery.

Originality/value — This study offers a novel theoretical and empirical contribution by applying a move-to-
front model — previously unexplored in the context of public procurement — to explain how demand scale
influences the emergence of innovative firms. Using rich panel data from Japan’s construction sector
(2006-2020), it demonstrates that total procurement volume and opportunity frequency significantly affect
innovation outcomes. By linking competitive bidding structures to innovation dynamics, the study provides
actionable insights for policymakers seeking to stimulate innovation through strategic demand-side
instruments, particularly in sectors where public procurement constitutes a major share of market activity.
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1. Introduction Journal of Public
This study examines the key elements of innovation, specifically focusing on the effect of Procurement
demand scale on the emergence of innovative firms in public procurement. We construct a
novel model in which a company’s ability to win bids changes depending on innovation
occurrence and use this model to examine how demand scale affects both individual
company bidding behavior and the broader emergence of innovative firms.
In this study, innovative companies are defined as those whose total successful bids 293
(product sales) have grown significantly over multiple years. Using a move-to-front model to
explain innovation emergence, we demonstrate that innovative companies are more likely to
win individual tenders, and that demand size is significantly related to this outcome. We
simultaneously examine the emergence of innovative firms over time using a fixed-effects
model based on changes in demand scale.
Innovation promotion typically includes measures such as R&D tax support, research
subsidies, human capital supply policies, intellectual property protections and competition
promotion. In industries where public procurement constitutes significant demand,
procurement policies may also be crucial for innovation promotion. This study quantitatively
examines this relationship using Japanese public procurement data from 2006 to 2020.
The remainder of this paper is organized as follows. Section 2 discusses previous studies
on innovation and extracts relevant elements. Section 3 presents our empirical hypotheses.
Section 4 provides an overview of the data. Section 5 discusses our model, results and
robustness checks. Section 6 concludes with implications and future research directions.

2. Previous research on innovation

2.1 How can innovation be understood?

Schumpeter (1942) regards innovation as a driving force of economic development and
classifies it into five types. The Oslo Manual of the Organisation for Economic Co-operation
and Development (OECD) (2018) defines business innovation as “a new or improved
product or business process (or a combination thereof) that differs significantly from the
firm’s previous products or business processes and that has been introduced on the market or
brought into use by the firm” (p. 20).

2.2 Analysis of innovation in economics and management

In economics, particularly industrial organization theory, a central question is how firms and
markets should be organized to produce optimal economic benefits. Schumpeter (1942)
distinguishes between market structures suited for static resource allocation versus
technological progress, arguing that large firms in concentrated markets drive long-term
production expansion. This led to two key hypotheses:

HI. Innovation increases with firm size.
H2. Innovation increases with market concentration.

However, more fundamental determinants of technological progress have received
increasing attention, categorized into three groups: demand structure, technological
opportunities and appropriability conditions (Cohen and Levin, 1989). The empirical
literature on these relationships shows that demand scale is particularly important — as
demonstrated by Schmookler (1962), who found that capital expenditure cycles in
downstream industries “lead” the cycle of related patents in capital goods industries.

In management literature, innovation is viewed through diffusion processes (Rogers,
1962; Moore, 1991) and transition impacts on industries and markets (Utterback and
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JOPP Abernathy, 1975). More recent work examines challenges firms face when creating

26,3 innovation (Christensen, 1997), including the increasing prominence of startups
as innovation generators. Management literature also emphasizes three factors in successful
innovation: aggressiveness in pursuing new opportunities, cost advantages and certainty in
innovation outcomes.

294 2.3 Policies to promote innovation

Market economies may under-provide innovation due to knowledge spillovers. Various
policy instruments address this, with R&D tax credits and direct funding effective in the
short term, and human capital development more effective long term (Bloom et al., 2019).
Public procurement has gained importance as a demand-oriented innovation policy (Cozzi
and Impullitti, 2010; Slavtchev and Wiederhold, 2016), offering benefits like learning and
technological improvements that spill over into the broader marketplace.

Recent studies on public procurement have increasingly recognized its role as a strategic
instrument for fostering innovation in various sectors. Andersson et al. (2025) highlight how
emerging technologies like artificial intelligence can enhance operational capabilities and
create value in governmental procurement processes. In the construction industry, Matos
et al. (2024) demonstrate how digital innovations such as building information modeling
(BIM) can optimize procurement procedures when integrated into legal frameworks.
Liljeroos-Cork and Laitinen (2024) emphasize the importance of boundary spanners in
facilitating knowledge transfer across ecosystem boundaries to create value in infrastructure
procurement. Furthermore, Kodym (2024) proposes a value-centered approach to
procurement that enables innovative and socially responsible practices. These studies
collectively suggest that public procurement can serve as a driver for innovation when
strategic considerations are embedded in procurement practices and when boundaries
between stakeholders are effectively managed. However, as Fridner (2025) notes, becoming
an attractive customer to strategic suppliers remains a challenge for public organizations,
highlighting the need for a deeper understanding of how demand characteristics influence
supplier innovation behaviors.

The theoretical foundations of public procurement as an innovation policy instrument
have been significantly developed through several seminal contributions that inform this
study. Edler and Georghiou (2007) proposed a conceptual framework distinguishing between
general and strategic procurement, demonstrating that public demand — accounting for
16.3% of EU GDP - can function as a major driver of innovation in sectors such as
construction, health care and transportation. Building on this foundation, Edquist and
Zabala-Iturriagagoitia (2012) advanced the field by conceptualizing public procurement for
innovation (PPI) as a mission-oriented policy instrument designed to address grand societal
challenges, and proposed a three-dimensional taxonomy based on user characteristics,
procurement processes and cooperative arrangements. From the supplier perspective, Uyarra
et al. (2014) identified critical barriers to innovation through public procurement, such as
limited interaction with procuring entities, excessive specification in tenders and insufficient
risk management, with these challenges being particularly acute for R&D-intensive
organizations and smaller firms. Grimbert, Zabala-Iturriagagoitia and Valovirta (2024)
further extended the theoretical discourse by conceptualizing transformative PPI, identifying
45 capabilities that contracting authorities must possess to implement PPI effectively as a
transformative policy instrument. These capabilities are categorized into ordinary, dynamic
and functional types.

Recent empirical investigations provide robust evidence on PPI effectiveness. Czarnitzki
et al. (2020) demonstrated that securing innovative procurement contracts significantly
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improves innovation performance among German firms, while Krieger and Zipperer (2022)  Journal of Public
showed that green public procurement specifically enhances environmental innovation, Procurement
particularly for small firms. These contributions provide the theoretical basis for this study,

which investigates the relationship between demand scale and the emergence of innovative

firms in the Japanese construction industry. This study extends the existing literature by

offering novel insights into how the structure of procurement demand — especially the

balance between total budget and opportunity frequency — influences innovation dynamics 295
through a move-to-front theoretical framework. Uyarra et al. (2020) further synthesize the
theoretical foundations by examining how public procurement functions as an industrial
policy instrument, demonstrating that procurement’s innovation-inducing capacity depends
critically on the alignment between procurement design, market characteristics and
innovation objectives.

2.4 Synthesizing economics and management perspectives

From the literature review, we identify six key factors related to innovation, which can be
classified as demand side or supply side. Demand-side factors include demand size,
appropriability and certainty, all of which increase innovation returns. Supply-side factors
include technological opportunity, aggressiveness and cost advantage, which make
innovation easier, more frequent or less expensive to achieve.

Importantly, the relationship between these factors and innovation is not necessarily
linear. For example, the relationship between competition and innovation is often inverted U-
shaped (Aghion et al., 2005; Correa, 2012), suggesting complex interactions among
innovation determinants. Our study aims to empirically investigate these relationships,
focusing particularly on demand scale’s effect on innovative firm emergence.

Recent comprehensive surveys of the PPI literature highlight that, although prior studies
demonstrate positive effects of procurement demand shocks on firm-level innovation,
substantial gaps persist in understanding the dynamics of buyer—innovator relationships and
the mechanisms through which procurement generates innovative outcomes (Chiappinelli
et al., 2025). In particular, the literature calls for further empirical investigation into how
demand characteristics — such as the balance between total budget scale and opportunity
frequency — influence the emergence of innovation, and how procurement design features
affect both the type and durability of the resulting innovations. The move-to-front model
proposed in this study addresses these critical gaps by offering a novel theoretical framework
for understanding how demand-side factors enable firms to gain competitive advantages in
procurement markets. Additionally, our empirical analysis of Japanese construction
procurement provides new insights into how procurement portfolios can be optimally
structured to foster the emergence of innovative firms. These findings contribute to the
growing body of evidence indicating that PPI fosters innovation, particularly through
incremental rather than radical innovations. Furthermore, this study extends the literature by
demonstrating how specific demand scale characteristics can be strategically configured to
enhance innovation outcomes.

3. Empirical hypotheses

Our empirical strategy examines both necessary and sufficient conditions for innovation
emergence. We first test the correlation between innovation and the six factors identified
from literature. We then examine which elements are associated with innovative firms across
regional markets and over time.
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JOPP Prediction 1: Innovation is positively correlated with demand scale. Other factors such as
26,3 technological opportunity and appropriability also have significant relationships with
innovation.

While these factors interact in complex ways, with some being interrelated and others
representing trade-offs, our focus remains on demand scale’s role in innovation. We use
panel data with fixed effects to isolate the impact of individual factors.

296 Prediction 2: Increasing public procurement can give rise to innovative firms.

To examine this prediction, we analyze time-separated subsets of mutually exclusive
regions, testing the relationship between demand scale and innovative firm creation over
time. The institutional structure of Japanese public procurement provides a quasi-
experimental setting for this analysis.

3.1 Addressing potential endogeneity

While this study examines the relationship between the scale of demand and the emergence
of innovation, it recognizes important limitations in establishing a definitive causal direction.
Although government spending decisions are largely driven by factors external to the
innovation status of individual firms, the relationship between procurement demand and
innovation outcomes should be interpreted with caution. Our analysis identifies patterns of
association rather than providing evidence that procurement demand directly influences
innovation outcomes. The institutional separation between government procurement
decisions and firm-level innovation activities offers a plausible basis for examining this
relationship; however, we refrain from making strong causal claims due to the
methodological limitations discussed below.

Our fixed-effects panel model addresses potential omitted variable bias by controlling for
time-invariant unobserved heterogeneity across regions and years. While some time-varying
unobserved factors might remain, the consistency of our results across different
specifications suggests that our findings regarding demand scale’s positive relationship with
innovative firm emergence are robust.

The institutional separation between government procurement decisions and firm-level
innovation activities further strengthens our causal interpretation, creating a setting where
procurement budget changes represent exogenous shocks to demand scale faced by
construction firms.

Our analysis period (2006—2020) coincides with a period of demographic stability across
Japan’s regional development bureau jurisdictions. During this timeframe, all eight regional
bureaus experienced population stagnation or modest decline, with annual population
changes typically ranging between —0.5% and +0.2%. This demographic stability mitigates
concerns about differential regional population dynamics driving both procurement
allocation and innovation outcomes. Similarly, while regional economic conditions do vary,
the institutional structure of Japan’s public procurement system — where major infrastructure
spending decisions are predominantly driven by national-level policies such as disaster
recovery programs (post-2011 earthquake reconstruction) and stimulus measures rather than
local economic performance — provides additional confidence in treating procurement scale
as largely exogenous to regional innovation capacity. Nevertheless, we acknowledge that
some time-varying regional factors cannot be fully controlled, including variations in local
construction industry concentration, changes in regional university research capacity and
differential implementation of prefectural innovation support programs. These limitations
necessitate cautious interpretation of our results as strong associational patterns rather than
definitive causal relationships.

Downl oaded from http://ftp. nowpublishers.conljopp/article-pdf/26/3/292/10767519/j opp- 04-2025-0029en. pdf by guest on 24 July 2026



While we treat changes in public procurement demand as exogenous, it is conceivable  Journal of Public
that innovative firms might influence demand allocation indirectly through political Procurement
lobbying, regional embeddedness or long-term strategic relationships with public agencies.

Although Japan’s public procurement budgets are largely driven by centralized policies such

as disaster recovery plans and macroeconomic stimulus programs, local discretion and

historical contractor relationships could introduce endogeneity risks. To mitigate such

concerns, we use a fixed-effects panel model that accounts for time-invariant regional 297
characteristics and year-specific shocks. However, future studies could further reinforce

causal identification using quasi-experimental designs such as difference-in-differences or

instrumental variable approaches to address potential bidirectional causality.

4. Overview and data on public procurement

The public procurement data in this study comes from construction works ordered by Japan’s
Regional Development Bureau of the Ministry of Land, Infrastructure, Transport and
Tourism (MLITT) from 2006 to 2020. Japan’s public procurement system operates primarily
through competitive bidding with first-price sealed bids, where contracts are typically
awarded to the lowest bidder within a secret planned price ceiling. The MLITT also uses a
comprehensive evaluation method for some projects, where factors beyond price — such as
experience, construction schedule and design — are considered (Arai and Morimoto, 2017,
2019).

Firms are classified into Ranks A through D based on project size eligibility (from ¥720m
and above for Rank A to below ¥60m for Rank D). Almost all projects (99.94% of the
131,905 reviewed) were awarded through general competitive bidding rather than
negotiation contracts or designated bidding. While bid rigging is strictly regulated with
penalties including surcharges and nomination suspensions, our study does not specifically
address this issue.

Figure 1 shows construction volume trends, which increased after 2011 due to
reconstruction following the Great East Japan Earthquake and recovery in private
investment. Regional composition shifted from metropolitan dominance pre-2010 to
increased activity in Tohoku (for disaster recovery) and Kanto (for Tokyo Olympics
facilities) in later years.

4.1 Innovative company definition

In construction, especially public procurement, we measure innovation through market
success rather than patents alone. While technologies and patents are important, true
innovation manifests as significant economic success. We therefore define innovative
companies as those consistently increasing their share of successful bids over time. This
approach aligns with other innovation studies (Reichstein, Salter and Gann, 2005; Lim and
Ofori, 2007) and is similar to the UK Innovation Survey’s methodology that identifies the top
20% of firms deriving sales from new products.

Specifically, we classify a company as innovative if its total annual bid amount exceeds
120% of the previous year’s total for three consecutive years (calculated using the Paasche
formula). This is analogous to identifying firms that consistently increase their market share
over multiple years; if a firm secures 20% more business annually for three consecutive
years, it indicates the presence of a systematic competitive advantage. This approach
captures the cumulative impact of various innovation types — whether process innovations
(new construction methods), product innovations (new materials) or organizational
innovations — that ultimately manifest as market success. This broader conceptualization
aligns with Article 2(22) of EU Directive 2014/24/EU, which defines innovation as “the
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Figure 1. Annual construction volumes
Source: Author’s own creation

implementation of a new or significantly improved product, service or process,”
encompassing the various types of incremental improvements that characterize construction
industry innovation. Many construction innovations are incremental and not formally
patented, yet they significantly contribute to competitive advantage and performance.

This definition avoids simultaneity problems in regression analysis since the decision to
participate in tenders and the characteristics of those tenders precede the innovative firm
designation, which is determined afterward by aggregating bid outcomes.

Although we define innovative firms based on their sustained increases in total successful
bid amounts, it is necessary to acknowledge that such a definition may capture not only
technological or organizational innovation, but also improvements in pricing strategy,
marketing or bidding tactics. These elements may contribute to increased market share
without reflecting fundamental innovation in products or processes. Nevertheless, given the
nature of the construction industry — where patents are rare and many innovations are
incremental and non-codified — market performance serves as a practical proxy for capturing
innovation outcomes. Moreover, this approach aligns with international practices such as the
UK Innovation Survey, which uses output-based criteria to identify innovative firms. Future
research could enhance this measurement by incorporating additional indicators such as
technological specifications in evaluation criteria or qualitative data from comprehensive
evaluations.

A central methodological limitation of this study arises from the use of a single
procurement data set to construct both the innovation indicator and the demand-related
variables. Specifically, firm innovativeness — defined as achieving a growth rate of 120% or
more in total successful bids over three consecutive years — and demand scale indicators —
such as expected prices and total procurement values — are both constructed from
procurement outcomes. This introduces the possibility of a mechanical correlation that
cannot be fully ruled out: higher procurement demand naturally raises the likelihood of
procurement success, and when innovation is defined in terms of such success, the resulting
empirical association may be partially tautological.

This limitation has important implications for the interpretation of results: the observed
relationships may reflect competitive dynamics within procurement environments rather
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than substantive causal effects of procurement on innovation. Ideally, innovation should be  Journal of Public
assessed using independent, output-based indicators — such as innovative turnover or new Procurement
product introductions, as used in the UK Innovation Survey — that are not contingent upon

procurement performance. The findings should be understood as patterns of innovation

expression within procurement systems, rather than as evidence that procurement policies

exert a direct causal influence on innovation. Although we adopt this market performance-

based approach in light of the characteristics of innovation in the construction industry — 299
where patents are uncommon and incremental improvements are prevalent — we recognize
that this measurement strategy limits the strength of any causal inferences that may be drawn
from the findings.

4.2 Data description

Our data set covers eight regional development bureaus (Tohoku, Kanto, Hokuriku, Chubu,
Kinki, Chugoku, Shikoku and Kyushu) and includes information on each bureau, office,
tender date, contract date, project name, construction type, bidding method, evaluation
criteria, company names, estimated prices and bid results. Table 1 presents the descriptive
statistics.

The Kanto region shows the highest number of cases (approximately twice that of
Shikoku). Over time, procurement volume generally decreased, with FY2006 showing the
highest count and FY2018 the lowest. No outliers exceeding twice the standard deviation
were observed in these trends.

4.2.1 Dependent variables. Innovative firm dummy (firm-level analysis): Binary
indicator equal to 1 if a firm achieves >120% growth in total successful bid amounts for three
consecutive years.

Count of innovative firms (panel analysis): Number of newly emergent innovative firms
in each region-year combination.

4.2.2 Key independent variables. Demand scale variables:

Demand1 (total procurement value): Sum of all contract amounts in each region-year,
measured in Japanese yen (millions) and log-transformed. Range: ¥15.2bn to ¥284.7bn
across region-years.

Demand? (average procurement size): Total procurement value divided by number of
contracts. Range: ¥18.3m to ¥156.8m per contract.

Expected bid price (firm level): Government’s pre-tender budget estimates, averaged
across all tenders in which a firm participated.

4.2.3 Control variables (previously listed as “other factors”). Construction and contract
characteristics:

Construction type dummies: Civil engineering (45% of contracts), building construction
(31%), equipment installation (12%), maintenance (8%), other (4%).

Contract rank dummies: Rank A (>¥720m, 8% of contracts), Rank B (¥240m-720m,
15%), Rank C (¥60m—240m, 35%), Rank D (<¥60m, 42%).

— Bidding method dummies: General competitive bidding (99.94%), comprehensive
evaluation method (0.06%).

Geographic and temporal controls:

Regional bureau dummies: Kanto (largest, 18% of contracts), Tohoku (15%), Kinki
(14%), Chubu (13%), Kyushu (12%), Chugoku (11%), Hokuriku (9%), Shikoku (8%).

Year fixed effects: 2006-2020 (15 annual dummies)

Regional economic controls:

Regional GDP growth rates (annual, source: Cabinet Office)

Public investment trends by region (source: Ministry of Finance)
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Construction industry employment levels by region (source: Ministry of Internal Affairs Journal of Public
and Communications) Procurement
4.2.4 Sample size and exclusions. The inclusion of these control variables reduces our
sample from approximately 8,500 unique firms to 7,200 firms (15% reduction) due to:
Missing data in regional economic indicators (3% reduction)
Firms lacking three consecutive years of bidding data required for innovation
classification (8% reduction) 301
Exclusion of extreme outliers (contracts > 2 standard deviations from mean, 4%
reduction)
The final data set contains 112,450 firm-year observations for the cross-sectional analysis
and 120 region-year combinations (8 regions x 15 years) for the panel analysis.

5. Model and results

5.1 Theoretical model of firm innovation and winning bids

We propose a model where innovation occurs through a Poisson process, affecting firms’
competitive ranking in procurement bidding. In simplified terms, this implies that innovation
events occur randomly and unpredictably at the firm level, similar to how breakthrough ideas
or process improvements emerge irregularly, depending on organizational capabilities and
effort. Based on “move-to-front rules” (Tsetlin, 1963), we posit that innovation enables a
company to bid at the lowest price and win contracts. The Japanese first-price sealed bidding
system provides an ideal setting for testing this model, as firms that innovate can “jump to the
front” by offering more competitive bids. Although our move-to-front model assumes a
bidding environment where innovation enhances the probability of winning contracts —
primarily through price competitiveness — it is important to recognize that non-price factors
such as technical scores, experience and project management are increasingly influential
under Japan’s comprehensive evaluation methods. While our data set indicates that over 99%
of the contracts analyzed were awarded via general competitive bidding based on price, the
evolving institutional context suggests that future models should accommodate multi-
attribute evaluation systems. Extending the move-to-front framework to include
multidimensional rankings or composite scoring criteria could provide a more accurate
representation of how innovation translates into bid success under contemporary
procurement practices.

In Japan’s public procurement system, contracts are mainly awarded through general
competitive bidding under the Accounting Law, which stipulates that the lowest qualified
bidder is typically awarded the contract based on the lowest-price principle. Although the
comprehensive evaluation method has been introduced in recent years, price continues to be
the primary determinant of contract awards, as evidenced by our data indicating that 99.94%
of contracts were awarded through general competitive bidding rather than negotiated
procedures. The move-to-front model developed in this study builds upon the innovation
framework proposed by Reichstein et al. (2005), who defined innovation in the construction
sector as including not only formal patents but also process, organizational and market-
oriented improvements that enhance competitiveness. In this context, innovation refers to
any improvement — technological, organizational or process-oriented — that allows firms to
submit more competitive bids while maintaining profitability. This inclusive view is
particularly relevant to the construction industry, where formal patents are uncommon, yet
incremental improvements in project management, construction methods, cost efficiency and
organizational processes can provide measurable competitive benefits. The move-to-front
mechanism operates on the premise that innovative firms can use these improvements to
submit lower bids without reducing profit margins, thereby advancing in the competitive
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JOPP ranking. Although Krieger et al. (2024) raise concerns that price-based procurement may

26,3 impede innovation, our model indicates that within Japan’s transparent institutional setting,
genuine innovation leads to cost reductions that allow firms to submit competitive bids while
maintaining profitability, creating a virtuous cycle in which innovation contributes to market
success. This relationship is supported by Japan’s institutional environment, where the
transparency and standardization of the bidding process ensure that sustained success in

302 securing contracts reflects inherent competitive strengths rather than relational advantages.

In our model, innovation encompasses not only technological advances but also process
improvements, market innovations and organizational changes that provide competitive
advantages. When innovation occurs, the firm jumps to first place in the ranking, while
previously higher-ranked firms drop one position.

Formally, let i index companies, t represent time and Xi(t) be company i’s ranking at time ¢
among N total firms. The probability of jumping to the top differs by company but remains
constant over time. The time 7i when firm i first jumps to the top follows an exponential
distribution P[7i>t] = exp(—wit), where wi is the firm-specific innovation rate.

The rank of company i at time ¢ is expressed by:

1

N [t
X0 =+ ¥ j Liate—o0) x5 valds) + L(‘ ~ Xils — 0)uilds) M
=1

This model is particularly well-suited for analyzing innovation in Japanese public
procurement because:

1. The first-price sealed-bid method inherently selects the most qualified bidder at discrete
points in time.

2. The lowest-bidder-wins system creates a direct correlation between innovation
capability and bid success.

3. While innovation accumulates gradually, competitive bidding creates distinct moments
where innovations are tested against competitors.

Through this process, firms that innovate consistently win more bids over time, increasing
their market share. We therefore identify innovative firms by their sustained growth in total
winning bid amounts rather than just win frequency.

The move-to-front model conceptualizes business competition as a dynamic ranking
system, in which firms are positioned according to their competitive strength in securing
government contracts. When a firm introduces an innovation — encompassing not only
technological breakthroughs but also improvements in sales strategies, organizational
efficiency, cost management and general business practices — it is immediately repositioned
at the top of the ranking, while all previously higher-ranked firms are shifted downward by
one position. Equation (1) models the temporal evolution of Firm *i*’s ranking through three
components: its initial position, the number of downward shifts resulting from other firms’
innovations and the upward repositioning it undergoes upon introducing its own innovation.
This model effectively reflects the dynamics of the construction industry, in which
comprehensive business improvements — such as enhanced project management, more
efficient bidding strategies, stronger client relationships and innovative construction
techniques — provide immediate competitive advantages that increase the likelihood of
securing contracts and expanding market share through discrete bidding processes.

Furthermore, while the move-to-front model is well suited to first-price sealed-bid
systems, such as those widely used in Japanese public procurement, it could be extended to
capture multi-attribute evaluation environments. In particular, future research could adapt
the model to account for composite scoring mechanisms where price is only one component
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among several, such as technical quality, environmental performance or risk management.  Journal of Public
Such generalizations would enhance the model’s applicability to value-based procurement Procurement
frameworks increasingly adopted in both domestic and international settings.

5.2 Empirical approach

Our empirical strategy has two stages. First, we identify innovative companies as those
consistently increasing their winning bid totals over multiple years. Second, we use a logit 303
model to examine which factors predict innovative firm status:

logit(pi) =a + pXi+e

where pi is the probability that firm i is innovative, and Xi is a vector of variables related to
innovation determinants. The logit model identifies firm-level characteristics that are
associated with a higher likelihood of innovation, analogous to distinguishing the attributes
of more successful firms from those of less successful ones. The full model specification is:

logit P; = ay + B, Demand; + f3, | TechOppotunityl; + f; | TechOppotunity?2;
+ B4 1Appropriatabililtyl; + B, Appropriatabililty2; + ps | CostAdvantage;
+ Pe 1 Agressivenessl; + fs |Agressiveness2; + fg | Certainty]l,

+ f.1 Certainty2; + Y ;| Otherfacter; ; + €;, 2)

where:
Demand = Average expected price of bids in which the company participated.
TechOpportunity1 = Number of regional development bureaus where the
firm participates (network breadth).
TechOpportunity2 = Number of construction types the firm undertakes (scope breadth).
Appropriabilityl = Average number of participants in bids (competition intensity).
Appropriability2 = Average bid rate in participated projects (price competition).

CostAdvantage = Firm’s average bid rate across all participated tenders.
Aggressiveness = Number of bids the firm participates in.

Certainty1 = Ratio of successful bids to total participation.

Certainty2 = Range of bid prices in tenders (indicating clarity of specifications).

We estimate this model using both logit and OLS methods to examine how these factors
relate to innovative firm status.

6. Estimation results

Table 2 presents our estimation results using both logit and OLS methods. The relationship
between demand scale (measured by expected price) and innovative firm status is positive
and strongly significant across all specifications, with and without covariates. This supports
our primary hypothesis that demand scale is associated with increased innovation. These
findings can be interpreted through the lens of the move-to-front model: larger procurement
budgets create substantial incentive structures that justify the high upfront costs of
innovation, while frequent procurement opportunities offer repeated occasions for
innovative firms to advance in competitive rankings and demonstrate their advantages. The
pronounced effect of demand scale is consistent with Schmookler’s (1962) seminal finding
that downstream demand fluctuations drive innovation in capital goods industries, and it
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further extends Edler and Georghiou’s (2007) theoretical proposition that sufficient Journal of Public
procurement scale is a prerequisite for stimulating innovation. Procurement

For technological opportunity indicators, both regional network expansion and
construction-type diversity show positive and significant relationships with innovation. This
suggests that exposure to diverse practices and techniques significantly facilitates innovation
capabilities in construction firms.

Appropriability results diverge somewhat from expectations. The positive relationship 305
between competition intensity and innovation suggests that demanding competitive
environments may stimulate rather than discourage innovation, possibly because large-scale
demand attracts more competitors.

Regarding managerial factors, aggressiveness (bidding frequency) shows a negative
relationship with innovation, suggesting that strategic selectivity in bidding may be more
important than volume. Certainty shows mixed results: lower win probabilities are
associated with innovative firms, possibly because innovative firms tackle more challenging,
competitive projects.

In summary, demand scale’s relationship with innovative firm emergence is strongly
significant across all specifications, confirming Prediction 1. The other factors show more
complex patterns, but generally support our theoretical framework. The inconclusive effects
of technological opportunity indicators warrant more detailed investigation. Although
regional network expansion is positively associated with innovation, its weaker effect
relative to demand scale suggests that access to diverse practices alone may be insufficient in
the absence of adequate market incentives. This finding aligns with Cohen and Levin’s
(1989) observation that demand-side factors frequently outweigh supply-side technological
opportunities in shaping innovation outcomes, particularly in traditional industries such as
construction, where incremental innovations prevail over radical breakthroughs.

6.1 Panel fixed-effects analysis

To further test the relationship between demand scale and innovative firms, we use panel data
analysis, dividing our data into 120 separate market segments (15 fiscal years x 8 regional
bureaus). This approach uses a within-region over-time comparison, allowing us to examine
the relationship between demand variation and innovation patterns while controlling for
time-invariant regional characteristics while controlling for time-invariant regional
characteristics such as local business culture and geographic advantages. We estimate:

log (SumInnovativeFirmDummy; ;) = ;log(Demand1;;) + p,log(Demand?2; ;)
+ Z Z ﬂ,',in,j ta+ej, 3)

i€region jefinancialyear

where SumInnovativeFirmDummy represents the number of innovative firms in region i and
year j, Demandl is the total procurement value, and Demand? is the average procurement
size. We include regional and year fixed effects to control for unobserved heterogeneity.
Table 3 shows that Demand1 (total value) is significantly positive while Demand2
(average size) is significantly negative. This suggests that increasing the total procurement
budget while simultaneously increasing the number of procurement opportunities is most
effective for stimulating innovation. The elasticity of innovation with respect to total budget
exceeds one, indicating that budget increases have proportionally larger effects on
innovation than increases in procurement opportunities alone. This finding indicates that a
10% increase in total government spending is associated with a more than proportional
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JOPP Table 3. Panel analysis

2 6’ 3 Dependent variable: SumInnovativeFirmDummy
Method: panel least squares
Coefficient (std error) Coefficient (std error)
Demand1 1.176*** (0.1757) 1.261#** (0.1920)
306 Demand?2 —1.135%*%* (0.1948) —1.240**%* (0.2207)
Techl 0.168 (0.1373)
Tech2 0.402** (0.1610)
Apprl 0.051 (0.0367)
Appr2 2.758%* (2.6765)
Cost —2.925 (7.2485)
Aggr ~0.007 (0.0066)
Certl —0.892* (1.0427)
Cert2 —0.374 (0.9957)
Constant —4.489%* (2.1337) —5.598 (7.6866)
Cross-section fixed (dummy variables) Yes Yes
Period fixed (dummy variables) Yes Yes
Observations 120 120
R-squared 0.927 0.938
Adjusted R-squared 0.910 0.916

Note(s): The symbols ***, ** and * indicate significance at the 1, 5 and 10% levels, respectively
Source(s): Author’s own creation

increase in the number of innovative firms, suggesting the presence of a multiplier effect
whereby larger budgets amplify innovation beyond initial expectations. The results from our
panel analysis provide robust empirical support for theoretical predictions derived from both
economics and management literature. Importantly, these findings offer quantitative
validation of Uyarra et al.’s (2014) supplier-side insights concerning the critical role of
procurement opportunity frequency in fostering innovation emergence.

These findings are robust to inclusion of covariates controlling for technological
opportunities, appropriability, cost advantage, aggressiveness and certainty. The institutional
context of Japanese public procurement, where decisions are largely exogenous to firm
innovation status, provides support for the robustness of these associational patterns, though
causal interpretation remains limited by the methodological constraints discussed earlier.

6.2 Robustness check

We verify our results’ robustness in two ways. First, we test alternative thresholds for
defining innovative firms, changing our criterion from 20% to 10% and 25% annual growth
over three consecutive years. Table 4 shows that the results remain consistent across these
definitions, with all coefficients maintaining the same signs and similar magnitudes. This
confirms that our findings are not artifacts of an arbitrary threshold choice.

Second, we examine potential multicollinearity among explanatory variables. Table 5
shows that most correlation coefficients are below 0.4, with only one reaching 0.683, well
below conventional thresholds for problematic multicollinearity (typically 0.8).

Our proxy variable selection is theoretically and empirically justified. Regional
development bureaus and construction type diversity effectively capture technological
opportunities in public procurement, as they represent situations where firms encounter
diverse practices and techniques in competitive environments. While our appropriability
measures are indirect, they reasonably approximate competitive intensity, which directly
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Table 4. Different ways to cut data Journal of Public

Dependent variable: Paarschel0 Paarshe25 Procurement
Method: Binary logit Binary logit
Coefficient (std error) Coefficient (std error)
Demand 1.82E-10%** 1.73E-10%**
(2.88.E-11) (3.94.E-11) 307
TechOpportunity1 0.047%** 0.116%**
0.008 0.014
TechOpportunity2 0.035%** 0.012
0.011 0.020
Appropriatabilityl 0.009%** -0.005
0.003 0.005
Appropriatability2 -0.073 -0.274
0.207 0.354
CostAdvantage —6.663*** —7.446%%*
0.498 0.842
Agressiveness —0.003*** —0.008***
0.000 0.001
Certainty1 —0.182** —0.625%**
0.088 0.164
Certainty2 0.077 0.406%***
0.080 0.116
Constant 4.872%** 5.408***
0.496 0.835
OtherFactors Yes Yes
OtherDummies Yes Yes
Observations 44,014 44,014
McFadden R* 0.033 0.074

Note(s): The symbols ***, ** and *indicate significance at the 1, 5 and 10% levels, respectively
Source(s): Author’s own creation

affects innovation returns in construction where traditional intellectual property protection is
challenging.

Although these robustness checks enhance confidence in our main findings, several
limitations persist. These include time-varying firm-level characteristics — such as size, financial
capacity and management quality — that may jointly influence innovation outcomes and bidding
performance, as well as unobserved region-specific factors — such as local economic conditions,
infrastructure policies and industry agglomerations — that may confound the observed
relationship between procurement demand and the emergence of innovative firms.

6.3 Limitations and future research directions

While this study provides robust evidence of the relationship between demand scale and
innovative firm emergence, several limitations should be acknowledged. Our fixed-effects
panel model controls for time-invariant regional characteristics but cannot account for all
time-varying firm-level factors such as size, financial capacity and management quality that
may jointly influence innovation outcomes and bidding performance. Additionally,
unobserved region-specific factors such as local economic conditions, infrastructure policies
and industry agglomerations may confound the observed relationship between procurement
demand and innovative firm emergence.
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Future research could strengthen causal identification through instrumental variable Journal of Public
approaches, exploiting exogenous variations in government spending driven by political Procurement
cycles or natural disasters. Incorporating firm-level panel data would allow for better control
of heterogeneity across companies and provide more nuanced insights into the mechanisms
through which demand scale influences innovation decisions.

7. Conclusion 309
This study makes several contributions to understanding innovation in the construction
industry. Using Japanese public procurement data (2006-2020), we demonstrate that
demand scale has a significant positive effect on innovative firm emergence, with both the
total volume and number of procurement opportunities playing crucial roles.

Our move-to-front model provides a novel theoretical framework for understanding how
innovation translates into market success in competitive bidding environments. Our
empirical findings establish demand scale as a fundamental determinant of innovation in
construction, extending beyond traditional Schumpeterian hypotheses. The empirical
findings offer robust validation of the core predictions of the move-to-front model
concerning innovation dynamics in competitive environments. The consistent positive
association between demand scale and the emergence of innovative firms indicates that
sufficiently large and frequent procurement incentives enhance firms’ motivation to innovate
and advance in the competitive ranking. This mechanism functions as predicted by the
model: innovation events follow a Poisson process, with their frequency increasing when
market rewards justify the associated investment risks. Specifically, our panel analysis shows
that increasing both the total procurement budget and the number of opportunities generates
more innovative firms than simply increasing average project size.

A key methodological limitation of this study is that both the innovation indicator and
demand variables are constructed from the same procurement data set. Firm innovativeness —
defined as a 120% or greater increase in total successful bids over three consecutive years — and
demand indicators such as expected prices and total procurement values are all derived from
procurement outcomes. This raises the possibility of mechanical correlation: higher
procurement demand naturally increases success rates, and when innovation is defined in terms
of such success, the empirical relationship may be partly tautological. As a result, the observed
associations may reflect competitive dynamics within procurement processes rather than causal
effects of procurement on innovation. Ideally, innovation should be assessed using independent,
output-based indicators — such as innovative turnover or new product introductions, as used in
the UK Innovation Survey — that are not contingent on procurement outcomes. Our findings
should thus be understood as patterns of innovation expression within procurement systems, not
as evidence that procurement policies exert direct causal influence. Although we adopt this
market performance-based approach due to the characteristics of innovation in the construction
industry — where patents are uncommon and incremental improvements prevail — we recognize
that this measurement strategy limits the strength of causal claims that can be made.

The social and policy relevance of this study must be understood in light of its
methodological limitations. While our findings suggest associations between procurement
characteristics and innovation patterns, they indicate possible directions rather than
definitive solutions to productivity challenges in the construction sector. While public
procurement may support a broader innovation ecosystem, our analysis does not demonstrate
that its design alone can generate innovation. The move-to-front model illustrates how
competitive advantages may arise under certain procurement conditions; however, this
should not be taken as evidence that procurement reforms will consistently produce
innovation across diverse contexts. Policymakers should recognize that the effectiveness of
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JOPP procurement-based innovation strategies depends on various contextual factors, including
26,3 regional economic conditions, institutional capacity and complementary support
mechanisms beyond procurement policy itself.

While this study provides robust evidence of the relationship between demand scale and
innovative firm emergence, several limitations should be acknowledged. Our definition of
innovative firms, while grounded in market performance, may not capture all dimensions of

310 innovation. Our data is limited to the Japanese public construction procurement context, which
may limit generalizability. While our fixed-effects model addresses many endogeneity concerns,
we cannot completely rule out all potential confounding variables or reverse causality issues.

Building on our findings, future research could explore comparative studies across
different countries and procurement systems to test external validity and identify institutional
factors that moderate the relationship between demand scale and innovation. Longitudinal
case studies of specific innovative firms could provide deeper insights into the mechanisms
through which procurement opportunities translate into innovative capabilities. Additionally,
exploring how different innovation types (process, product, organizational) respond to
demand changes and examining the interaction between demand-side procurement policies
and supply-side innovation support measures would contribute to a more comprehensive
understanding of construction innovation ecosystems.

Future research could strengthen causal identification through several methodologically
rigorous approaches. Instrumental variable strategies could exploit exogenous variations in
government spending driven by political cycles or natural disasters that affect procurement
allocation independently of firm innovation capacity. Difference-in-differences designs could
use policy changes such as comprehensive evaluation methods implemented at different times
across regions. Independent innovation measures represent a critical advancement,
incorporating indicators such as patent applications or R&D expenditure that do not depend on
procurement success. Firm-level panel data would enable better control of time-varying firm
characteristics, while cross-national comparative studies could examine whether procurement-
innovation associations reflect universal mechanisms or Japan-specific factors. These
approaches would collectively move beyond the associational relationships identified in our
study toward more robust causal inference regarding procurement’s role in fostering innovation.

Moreover, the implications of this study are not limited to the Japanese context. Similar
procurement innovation strategies have been pursued under the EU Public Procurement
Directive 2014/24/EU, which emphasizes life-cycle cost, social value and environmental
sustainability in awarding contracts. The EU Public Procurement Directive 2014/24/EU
introduced the transformative Innovation Partnership Procedure (Article 31), which enables
contracting authorities to identify unmet needs for innovative products, services or works
beyond the scope of existing market solutions, thereby repositioning public procurement
from a passive purchasing function to an active instrument for fostering innovation. This
institutional framework offers a relevant comparative perspective for understanding how
formal procurement procedures can systematically promote innovation, thereby
complementing our findings regarding the role of demand scale characteristics in fostering
the emergence of innovative firms in Japan’s construction sector. Cerqueira Gomes (2021)
presents a comprehensive analysis of the Innovation Partnership Procedure established under
Directive 2014/24/EU, examining its core institutional features and assessing the extent to
which the EU can expand innovation-oriented procurement across member states, while
addressing harmonization challenges posed by divergent national administrative law
traditions. Likewise, countries such as South Korea and the UK have institutionalized public
procurement as a driver of innovation through dedicated programs and strategic procurement
offices. Comparative studies across these jurisdictions would provide valuable insights into
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how institutional design shapes the innovation-inducing capacity of public demand. Our  Journal of Public
findings are consistent with the European Commission’s Guidance on Innovation Procurement
Procurement [revised in 2021(European Commission, 2021)], which underscores that
effective innovation procurement necessitates both sufficient scale and frequent
opportunities to engage innovators in public procurement processes. This framework offers a
robust theoretical basis for understanding how demand-side characteristics systematically
shape innovation outcomes across diverse institutional contexts. 311
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