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Abstract 

Business returns from innovation are often assumed but there is little quantitative research on these 

results, especially regarding innovation in US manufacturing. This paper presents the results of an 

analysis of the impact of product and process innovation on profitability in manufacturers in 

Georgia, USA, controlling for facility, market, and industry characteristics. Acknowledging that 

there is heterogeneity in the profitability distribution, we draw on a quantile regression model 

developed by Love, Roper, and Du (2006) which examines the relationship between innovation, 

mediated by facility/market/industry characteristics at different points in the profitability 

distribution. The results indicate that product innovation matters most for the most profitable 

manufacturing establishments while the impact of process innovation is more widespread across 

Georgia manufacturing establishments with more modest levels of profitability. 
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1. Introduction  

The encouragement of innovation in manufacturing is the subject of much interest in business and 

policy circles. One aspect of this recent emphasis on innovation is the assumption that innovation 

leads to positive tangible business outcomes, specifically higher margin revenues that can sustain 

the competitiveness of industries in more developed economies with higher living standards. There 

are rationales for why innovation might have a positive association with profitability. Innovative 

firms can have higher profitability levels because their new products create new markets or offer 

such explicit benefits over existing products in established markets that these products are able to 

command a price premium, generating growth in sales with higher margins. Alternatively, 

innovative firms might have new processes for organizing and producing products. These process 

innovators may be more profitable through offering better capabilities – more timely delivery, 

greater flexibility and responsiveness – in the production of existing products, which results in the 

growth of new, higher margin sales. (Geroski and Machin, 1992)  Over time, the relationship of 

innovation and profitability may be “U-shaped” rising to a point of maturity followed by decline. 

From another perspective, it may be cumulative as innovative firms acquire capabilities to fill their 

pipeline with the successful introductions of multiple rounds of new products or processes. 

(Roberts, 1999). 

Alternatively, there are explanations as to why innovations might not register positive 

business returns. Innovations in the early phases of introduction of new technologies can be subject 

to a high degree of risk and failure as they are often characterized by substantial experimentation 

taking place, no clear convergence on a particular design, and perception as being disruptive and 

competence destroying in established industries.(Abernathy and Utterback, 1978) Even incremental 

innovations may require significant levels of new investment in capital, internal capabilities, 



relationships with external suppliers and information sources, new marketing and sales approaches, 

and other types of investment. The payback for these investments may take a length of time to be 

realized. (Hanel and St-Pierre 2002). Thus, one might expect a growth in revenues from new 

innovations, but not necessarily profitability in the short run. (Roper et al, 2006) 

In the exploration of the relationship between innovation and profitability, it is important to 

take into account various mediating factors. Firm size and industry composition is known to affect 

profitability, with larger firms exhibiting higher profitability rates than smaller ones on average, 

and certain industries, such as those comprised of many science or technology intensive businesses, 

consistently being more innovative and more profitable than mature industries. Attention also has 

to be paid to the degree to which different industries are mature, dominated by established firms, or 

open to innovative goods and services. (Rumelt, 1991) In addition, innovative firms may have 

management and researchers with higher levels of competencies, including advanced education and 

technical skills, which may result in new products or processes that produce higher levels of 

profitability. (Geroski and Machin, 1992; Leiponen, 2000). 

The relationship between innovation and profitability has been examined in previous 

research. Geroski and Machin (1992) found that innovation was positively related to both 

profitability and growth after controlling for facility and industry characteristics. Moreover, the 

profitability of innovators was less cyclical than it was for non-innovators. Leiponen (2000) 

observed that worker capabilities such as education level and level of skills in the industry were 

important intermediate factors in the relationship between innovation and profitability. Roberts 

(1999) observed that pharmaceutical firms had a pipeline of innovations which dynamically 

supported and enhanced the profitability of its innovations. Hanel and St-Pierre (2002) find that 



R&D capital investment has a positive albeit lagged impact on profitability, an investment which is 

strongest in sectors with significant levels of patent protection. 

A recent perspective on the relationship between innovation and profitability is Love, 

Roper, and Du’s model based on Irish panel data. (Love et al, 2006) Their analysis emphasizes the 

profitability distribution itself because conditions of persistent heterogeneity typically present in 

outcome variable distributions such as that of profitability. (Girma and Görg, 2007) Because of this 

heterogeneity, utilizing OLS or other similar methods that estimate the conditional mean function 

of the dependent variable may conceal features of the relationship between dependent and 

independent variables. Quantile regression has been used to deal with this problem (Koenker and 

Bassett, 1978).  Quantile regression allows one to trace the entire conditional distribution of plant 

level productivity, conditional on the set of regressors, and has the additional advantage of 

providing a more robust and efficient alternative to least squares estimators when the error term is 

non-normal.  They find that the path to profitability differs at various points in the profitability 

distribution. Innovation via exporting is positively related to profitability among the most profitable 

firms whereas product innovation is more significant at lower ends of the profitability scale, 

controlling for facility and market characteristics as well as external ownership. 

This paper weighs in on the profitability of innovation in manufacturers in the state of 

Georgia USA. It summarizes initial results from the Georgia Manufacturing Survey (GMS) for the 

“Correlates of Innovation” project sponsored by the National Institute of Standards and 

Technology’s Manufacturing Extension Partnership program (NIST MEP). The focus of this 

analysis is on the relationship of innovation practices with profitability. The analysis is designed to 

present the Georgia results in the context of similar data from Ireland using Love, Roper, and Du’s 

model of innovation and profitability.  We hypothesize that there is a positive relationship between 



profitability and innovation, particularly product innovation, after controlling for company, market, 

and human capital factors. However, Love, Roper, and Du’s model indicated that product 

innovation was more significant for less profitable firms, so we keep this finding in mind when 

analyzing the Georgia results. 

 

2. Method 

The GMS 2005 was conducted between January and July 2005. It was a mail survey designed to 

monitor use of innovation practices, technologies, techniques, and strategies by manufacturing 

establishments in Georgia. All identifiable establishments with 10 or more employees were 

contacted via multiple waves of mailed surveys and follow-up via telephone, in-person contact, 

email, and fax. These methods yielded 653 completed surveys for a response rate of 16.3 percent. 

Results were then weighted to reflect the employment size and industry distribution of 

establishments in the Georgia Department of Labor’s employment security database. 

The survey includes a series of questions derived from the Community Innovation Survey 4 

that are used in this analysis to measure innovation. To measure profitability, the survey includes a 

measure based on the approximate average annual return on sales (pre-tax) for the respondent’s 

facility from 2002 to 2004 inclusive. The measure ranges from -25% or less to +25% or more and 

includes 11 categories of profitability separated by 3 percentage points (i.e., -3%, 0%, +3%); 

respondent “write-ins” of profitability levels between these points are included.  

The analysis is based on Love, Roper, and Du’s model of market structure–firm 

performance modified with the inclusion of indicators of innovation and ownership and other 

characteristics which are known to be linked to profitability such as facility vintage and capital 

intensity. 



logπi = β0 + β1Mj + β2Ii + β3Oi + β4Ci + μi      (1) 

where  πi is profitability (average annual return on sales) of facility i,  Mj is a set of indicators of 

market structure, Ii is a set of innovation indicators, Oi is a set of plant ownership variables, and Ci 

is a set of plants' other characteristics. Although we do not have panel data, as in the Love-Roper-

Do model, where possible we selected right-hand side measures obtained from respondents’ 

recollections of 2002 conditions (e.g., employment, sales, exporting, capital investment) to 

represent lagged effects on profitability.  

A quantile regression analysis was used to compare the relationship between profitability 

and innovation, controlling for facility characteristics, market characteristics, and industry. The 

quantile regression was estimated at various points in the profitability distribution: 0.1, 0.25, 0.5, 

0.75, 0.9.  This analysis was designed to test Love, Roper, and Du’s model of innovation and 

profitability based on Irish data in terms of its applicability to the Georgia case. The facility 

characteristics used in the model included: current facility employment, facility employment 

squared, facility vintage in years, capital intensity based on dollars of capital investment per 

employee in 2002, percentage of employees with a bachelors degree, percentage of facility sales 

that were exported in 2002, product innovation (dummy variable), process innovation (dummy 

variable),1 whether the facility is a branch of a US headquartered enterprise, whether the facility is 

a branch of a foreign headquartered enterprise. Market characteristics were measured using the 

following variables: market share of 2002 sales within 3 digit (major) manufacturing 

classifications, Herfindal Index (sum of squares of facilities’ market share in each sector), and the 

innovation intensity of each sector (the average share of sales from new products by 3 digit 

manufacturing classification). Three digit industry dummies were also included in the model. 

                         
1 We do not include an interaction term between product and process innovation because complementarities between 
these two types of innovation were not significant. See Roper et al. (forthcoming) for more information. 



The results will show that the relationship between profitability and product innovation is 

evident and strong for the most profitable establishments in Georgia, controlling for facility and 

marketing characteristics of the responding establishment. Process innovation will also be shown to 

be a significant factor for less profitable Georgia manufacturers. However, unlike the Love, Roper, 

Du analysis of Irish panel data, we failed to observe that export intensity was a significant strategy 

for less profitable firms, although export intensity was significantly negative for the most profitable 

Georgia manufacturers. 

 

3. Results 

Table 1 provides basic descriptive information. We observe that profitability levels were lower 

overall in the Georgia survey than in Love, Roper, and Du’s analysis of the Irish panel data (5.5% 

for Georgia versus 21.1% for Ireland). Innovation levels were somewhat lower in the Georgia 

survey (57 percent for Georgia versus 68 percent for Ireland). In addition, export intensity also was 

lower in the Georgia survey (4.3% for Georgia versus 15.9% for Ireland). 

Table 2 shows correlation matrices. Although there are a small number of binary 

correlations that are above .5, there are no overt signs of multicollinearity suggested by the binary 

correlations. The strongest correlations are between employment size and employment size 

squared, employment size and market share, and product innovation (yes/no) and product 

innovation intensity (percentage sales from new products). 

Estimation results are presented in Table 3. The results indicate that product innovation was 

significantly and positively associated with profitability at the highest point (90th percentile) in the 

distribution. An estimation of the marginal effect of introducing a new product among highly 

profitable manufacturers was 4.31. Put another way, offering a new product increases average 



annual profitability by more than 4 percent. Process innovation was also significantly and 

positively related to profitability. This relationship was significant in the mid-range of the 

profitability distribution - at the 25th, 50th, and 75th. The marginal effects suggest that introducing 

process innovations result in profitability in the 1-2 percent range. To highlight the effects of 

heterogeneity in the profitability distribution, we also report the results of an OLS analysis of the 

relationship between innovation and profitability. The OLS results do not show a significant 

association of product innovation with profitability (although the coefficient is positive); moreover, 

process innovation is positively but only weakly associated with profitability. 

Absorptive capacity, as measured by the percentage of employees with a bachelors degree, 

also was significant and positively related to profitability at the highest point in the profitability 

distribution. Export intensity was significantly and negatively related to profitability at the 75th and 

90th points in the profitability distribution. Market share also was significantly and positively 

related to profitability at the 75th and 90th points in the profitability distribution. At the 25th 

percentile and above, US headquartered facilities are significantly more profitable. Market 

characteristics (Herfindahl index, sectoral innovation intensity) were not shown to be significant. 

When we put these results from the Georgia analysis in the context of those found in the 

Irish analysis, the differences between the two regions are striking. The Georgia results are almost 

the opposite of the Irish results. In Georgia exporting matters more for low profitability firms while 

product innovation is more important for high profit firms. For Ireland, exporting matters more for 

high profitability firms with product innovation more important towards the bottom of the profits 

distribution. In addition, process innovation is more important to the profitability of Georgia firms 

than for those in Ireland.  

 



4. Conclusions 

In summary, this paper shows that there is a relationship between profitability and innovation in 

Georgia manufacturing. However, the results are not so straightforward in that the relationship 

differs depending on the point in the profitability distribution that is considered. Product innovation 

matters most for the most profitable firms. But for many manufacturing facilities with modest 

levels of profitability, process innovation rather than product innovation will be more significant. 

What does this finding suggest? Assuming no measurement error or other issues, this finding could 

suggest that process innovation is something that any firm may attempt with a higher degree of 

success, while product innovation is less likely to be successful in the short-term unless the facility 

is highly profitable. The results about product innovation are not surprising given the high 

percentage of new product launches that end up in failure. (Rangan et al. 1992). Moreover, it is 

certainly possible that because product innovation typically requires a longer period of time to 

generate business outcomes than does process innovation, if we had panel data we would see more 

widespread profitability impacts from product innovation.   

An important limitation is that the direction of this relationship is not able to be determined. 

It may be that higher profitability is significant to producing innovation in Georgia manufacturers 

rather than the reverse. Because this data is from a cross-sectional survey, we cannot use time lags 

to address the dynamics of this relationship, although we did use responses to earlier time periods 

(i.e., the 2002 time period) in the measurement of independent variables such as employment, 

market share, and capital intensity.  

We might expect that introducing innovation would result in a wide distribution of 

profitability values, including negative profitability. This analysis did not show a significant 

negative association between innovation and profitability which, in part, may result from the 



inability to causally link the two. In addition, because this is an establishment survey it is not clear 

that all branch facilities will be able to report profitability as accurately as can a parent 

organization, although multi-firm enterprises are increasingly allocating profitability figures down 

to the facilities in their multi-establishment group along with responsibility for and flexibility to 

meet profitability goals.  

Another challenge is that we cannot fully explain the differences between the Georgia 

results and those of the Irish panel. The Irish panel does have a dynamic panel element that we lack 

in the case of Georgia. Another explanation points to the very different nature of the two 

economies, despite our efforts to control for mediating factors of to firm size, industry, branch 

facilities, and the like. Ireland’s manufacturing sector is growing while Georgia’s is undergoing 

restructuring. The Irish analysis did point out that US-owned facilities were more apt to be 

profitable, so ownership could be an explanation to examine. The Irish manufacturing base is 

characterized by many branch facilities, with 33 percent of companies being externally owned, and 

less than 30 percent being owned by a US headquarters company. Georgia manufacturers also 

encompass many branch facilities (40 percent) with two-thirds of those owned by another US 

company. These ownership variables are included in the model as dummies, but their influence 

may not be adequately captured.  

Within these caveats, this study found that profitability is associated with product and 

process innovation in Georgia. Yet previous work with this data indicates that most Georgia 

manufacturers prioritize low cost and basic quality as primary strategies to compete for customers 

rather than innovation. It is important to stress that innovation is significant, not just as a reflection 

of the production new products and processes, but also in terms of tangible business returns to the 

manufacturer. 



 
 
Table 1. Descriptive Statistics 
Variable Obs Mean Std. Dev. 
    
Profit (average annual return on sales, 2002-2004) 479 5.45 8.74 
Employment (2002) 628 90.62 146.59 
Employment squared 628 .30 1.54 
Plant vintage 604 22.20 18.93 
Capital intensity (capital investment in 2002 per employee levels 
in 2002) 468 12650.46 116376.10 
Staff with bachelors degree 650 1.22 5.57 
Export intensity 2002 (% of 2002 sales from exports) 653 4.29 11.09 
Market share 2002 (sales within 2-digit industry class) 516 3.29 7.39 
Product innovators (1/0) 653 0.57 0.50 
Process innovations (1/0) 653 0.45 0.50 
Branch with HQ in US 653 0.26 0.44 
Branch with HQ outside US 653 0.05 0.21 
Herfindahl Index (based on 2002 sales within 2 digit industry) 653 0.16 0.09 
Innovation intensity (% sales from new products) within sector 653 14.66 23.77 
Food, beverages, feed 653 0.07 0.26 
Textiles, textile products, leather and footwear 653 0.13 0.33 
Wood, products of lumber and wood, furniture 653 0.11 0.31 
Pulp, paper, paper products, printing and publishing 653 0.10 0.31 
Chemical, rubber, plastics, fuel, nonmetallic mineral products 653 0.22 0.42 
Basic metals and fabricated metal products 653 0.20 0.40 
Machinery and equipment 653 0.06 0.24 
Electrical, appliances, computer, electronics, instrument 
equipment 653 0.06 0.23 
Transport equipment 653 0.04 0.18 



 
Table 2. Correlation matrix 

 Profit Employ. 
Empl. 
Sq. Vintage 

Cap. 
int. Degree Export 

Mkt. 
share 

Prod. 
inn. 

Proc. 
inn. 

US 
branch 

For. 
branch Herf. 

Inn. 
inten. 

               
Profit 1              
Employment 
2002 0.04 1             
Empl. 
Squared 2002 0.03 0.90 1            
Vintage -0.03 0.34 0.26 1           
Cap. intensity -0.03 -0.02 -0.01 0.01 1          
Degree -0.01 -0.04 -0.02 -0.10 -0.01 1         
Export 0.05 0.21 0.23 0.02 -0.02 0.24 1        
Mkt. share 0.12 0.62 0.56 0.20 0.03 -0.02 0.20 1       
Product inn. 0.11 0.07 0.07 -0.12 -0.07 0.10 0.18 0.09 1      
Process inn. 0.12 0.17 0.12 0.02 -0.04 0.01 0.07 0.10 0.23 1     
US branch 0.19 0.19 0.10 0.14 -0.03 -0.05 0.05 0.19 0.01 0.03 1    
For. Branch 0.04 0.02 -0.01 -0.07 -0.01 0.06 0.08 -0.01 -0.02 0.04 -0.13 1   
Herf. 0.08 0.00 0.01 -0.04 -0.02 0.19 0.16 0.19 0.03 0.01 0.07 0.07 1  
Inn. intensity 0.06 -0.05 -0.04 -0.17 -0.03 0.15 0.12 0.03 0.53 0.21 0.00 0.01 0.07 1 

 
 



Table 3: Quantile regressions of profitability 
 (1) (2) (3) (4) (5) OLS 
Point in distrib. 0.1 0.25 0.5 0.75 0.9 Comparison 
Facility Characteristics       
Employment 0.005 -0.001 -0.007 -0.018 -0.006 -0.009 
 (0.038) (0.015) (0.009) (0.008)** (0.014) (0.010) 
Employment squared -0.211 1.114 1.148 1.552 -0.915 1.006 
 (3.728) (1.856) (1.136) (0.850)* (1.389) (1.310) 
Facility vintage -0.011 -0.072 -0.016 0.009 -0.002 -0.023 
 (0.118) (0.038) (0.024) (0.020) (0.027) (0.025) 
Capital intensity  -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 
 (0.000) (0.000) (0.000)*** (0.000)*** (0.000)*** (0.000) 
Staff with degree -0.047 -0.092 -0.125 0.043 0.602 -0.025 
 (0.140) (0.060) (0.046)*** (0.048) (0.067)*** (0.077) 
Export intensity -0.108 0.007 -0.034 -0.066 -0.101 -0.027 
 (0.142) (0.054) (0.038) (0.033)** (0.058)* (0.047) 
Product innovator 1.477 1.019 0.331 0.172 4.311 1.493 
 (3.915) (1.522) (1.052) (0.960) (1.605)*** (1.098)* 
Process innovator 0.792 2.399 2.218 1.413 -0.259 1.578 
 (3.821) (1.325)* (0.920)** (0.834)* (1.545) (0.951) 
HQ in other US states 1.118 2.566 1.969 2.965 5.283 3.495 
 (4.320) (1.515)* (1.057)* (0.940)*** (1.721)*** (1.125)*** 
HQ in other countries 1.081 -0.672 2.599 3.818 3.764 2.744 
 (8.442) (2.970) (1.994) (1.792)** (3.166) (2.116) 
Market Characteristics      -0.148 
Market share 0.129 0.047 0.081 0.143 0.196 0.119 
 (0.365) (0.141) (0.088) (0.071)** (0.110)* (0.106) 
Herfindahl Index -11.132 -11.882 3.210 6.866 -3.403 (6.322) 
 (19.722) (8.275) (6.065) (5.178) (7.522) -0.017 
Innovation intensity in 
sector 

-0.028 -0.037 -0.010 0.017 0.005 (0.020) 

 (0.071) (0.029) (0.020) (0.020) (0.037) -6.128 
Industry Dummies      (5.629) 
Food, etc. -10.993 -10.883 -12.477 -5.610 4.938 -10.982 
 (12.816) (5.533)* (5.042)** (3.550) (5.140) (5.351)** 
Textiles, etc. -21.434 -15.877 -17.148 -7.627 0.018 -10.746 
 (13.649) (5.244)*** (4.762)*** (3.163)** (4.309) (5.276)** 
Wood, etc. -17.780 -13.332 -16.001 -7.740 0.261 -12.924 
 (12.312) (4.964)*** (4.683)*** (3.115)** (4.140) (5.334)** 
Paper, etc. -20.326 -15.480 -17.820 -12.695 -6.540 -7.360 
 (12.630) (4.950)*** (4.736)*** (3.243)*** (4.743) (5.150) 
Chemicals, etc. -11.599 -10.072 -13.934 -5.280 0.722 -9.101 
 (11.411) (4.655)** (4.523)*** (3.006)* (4.359) (5.228) 
Metal, etc. -17.744 -11.267 -14.013 -7.482 0.587 -7.507 
 (11.900) (4.700)** (4.568)*** (3.044)** (4.368) (5.442) 
Ind. machinery, etc. -15.159 -10.537 -12.541 -5.014 0.775 -9.147 
 (13.406) (5.304)** (4.763)*** (3.284) (4.688) (4.963) 
Electronics, etc. -10.981 -9.913 -15.194 -8.615 -4.194 -10.638 
 (10.033) (4.410)** (4.227)*** (2.822)*** (3.662) (5.500) 
Transportation, etc. -11.867 -10.894 -16.512 -12.330 -7.502 12.635 
 (14.301) (5.031)** (4.950)*** (3.451)*** (5.239) (5.536)** 
Constant 12.306 14.271 18.686 14.806 11.022 -0.009 
 (13.848) (5.269)*** (4.948)*** (3.415)*** (4.746)** (0.010) 
Observations 364 364 364 364 364 364 
Standard errors in parentheses 
* significant at 10%; ** significant at 5%; *** significant at 1% 
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