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Abstract:



Human capital, as reflected in education levels and skills, and innovation is an important engine of economic growth. The Caribbean is deficient in both: lower than expected GDP growth rates are accompanied by relatively low innovation at the firm level, and the workforce is characterised by skills deficiencies and educational mismatches. In that regard, this paper exploits firm-level data covering 13 Caribbean countries to examine the extent to which innovation, a key driver of productivity growth, is affected by firms’ inability to find appropriately educated and skilled workers to fill key positions in its organizational structure, which is estimated using Probit models distinguishing between past and future innovation decisions. The econometric analysis finds that firms that have difficulty finding new skilled employees are less likely to engage in any type of innovation compared to those that can, and this is also true for decisions about future technological and non-technological innovations. Moreover, firms that face challenges finding employees with the required core and job-related skills at the managerial and professional levels are also less likely to innovate. Finally, while in-firm training is found to increase the probability of innovation, its magnitude is low.
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1. Introduction


Low economic growth is perhaps the Caribbean’s greatest Achilles’ heel. Studies that examined this issue have put forward various explanations and hypotheses to explain the region’s low growth performance, with most of them related to deep-rooted competitiveness problems and low levels of productivity, among other structural challenges (Acevedo et al. 2013; Alleyne et al. 2017a; Fuentes et al. 2015). Some researchers and policymakers have argued that the Caribbean’s private sector should play a key role in promoting higher and more sustainable growth. However, the private sector in the Caribbean is currently characterised as being largely static and underperforming based on estimates of sales growth and total factor productivity (Ruprah and Sierra 2016).



Research has shown that innovation is one of the most important sources of competitive advantage that can improve firm productivity and performance in a sustainable way (Atalay et al. 2013; Hall 2011; Lööf and Heshmati 2006). However, firm-level innovation in the Caribbean is low relative to countries of comparable population size as evidenced by determinants such as expenditure on research and development, the number of patents registered per million persons and technology adoption by the government (Ruprah and Sierra 2016).



While previous papers on innovation in the Caribbean have looked at other determinants of innovation such as firm characteristics (Alleyne et al. 2017b) and in-firm training (Mohan et al. 2017), there is a lack of information and/or analysis regarding the link between the human capital constraints that firms face and their decision to innovate. This is a particularly important policy issue as an “inadequately educated workforce” has been consistently identified by firms as the most important constraint to their performance (PROTEqIN Survey 2014; and World Bank Enterprise Survey 2010). The factors underlying this constraint have been attributed to worker emigration, low quality of education, inadequate training offered by local educational institutions, and skills shortages and mismatches (Khadan 2017; Mishra 2006).



Thus, this paper contributes to our understanding of this issue by examining the extent to which innovation decisions in the Caribbean are affected by educational mismatches and firms’ inability to find appropriately skilled workers.1 In particular, the following four questions are empirically examined: (i) the extent to which firm-level innovation is affected by firms’ ability to find new skilled employees; (ii) the extent to which firm-level innovation is affected by educational mismatches at the managerial and professional levels of occupation; (iii) the extent to which firm-level innovation is affected by firms inability to find employees with core skills or job-related skills for various types of jobs; and (iv) the extent to which firm-level innovation is affected by in-firm training.



It has long been recognised that innovation activities in a country or firm require human capital with the ability to generate and apply knowledge and ideas. Indeed, Kim (2002, p. 92) noted that “more highly-educated individuals tend to adopt innovations earlier and implement and adapt them sooner than less-educated individuals.” Studies have found that innovation at the firm level is positively associated with workforce qualifications and expenditure on training (Jones and Grimshaw 2012; OECD 2011). Highly skilled and educated workers are thought to be more apt for generating ideas and adopting technologies to make improvements on existing products and processes. In a review of the literature on workforce skills and innovation, Toner (2011) found that cross-country differences in the quality and quantity of workforce skills are a major factor in explaining observed patterns of innovation.



Studies focusing on the skills mix required for successful innovation find that a wide variety of skills are important. In a study of the determinants of innovation capability in small firms, Albaladejo and Romijn (2000) also found that the skill mix of the workforce tends to be positively associated with innovation performance. Similarly, Leiponen (1996) also found that innovative firms have a more educated workforce than non-innovative firms (see also Amara et al. 2008; van Uden et al. 2014). The appropriate skillsets required for innovation at the firm level may also depend on the stage of innovation, the type of innovation and the type of industry. In a review of the literature, the Organization for Economic Cooperation and Development (OECD) (2011) found that a broad set of skills ranging from reading, writing, academic skills, technical skills, problem-solving, managerial and entrepreneurial skills and even “soft” skills are important to support innovation. Some researchers have emphasised the importance of practical skills and worker experience (Gangl 2000; Winkelmann 1996), while others have found more benefits from general education (Dolton and Vignoles 2002; Krueger and Kumar 2004).



The rest of this paper is organised as follows: section two briefly examines the level of innovation and the extent of educational mismatches in the Caribbean. Section three outlines the estimation strategy. Section four presents the results of econometric estimations related to the effects of skill and educational constraints on innovation decisions and section five concludes the paper with policy recommendations.




2. Education, Skills and Innovation in the Caribbean


The data used is this paper were obtained from the 2014 Productivity, Technology and Innovation (PROTEQIN) survey. The PROTEQIN survey, a representative sample of 1846 firms across 13 Caribbean countries, was the first of its kind to be carried out in the Caribbean, following the 2010 World Bank Enterprise Survey (WBES). The PROTEqIN survey includes more questions than the WBES on skills and education of employees than the WBES, which makes it possible to conduct an analysis of various aspects of the relationship between educational and skill levels of the firms’ workforce and innovation decisions. Moreover, the questions on innovation and educational attainment had a very high response rate across firms in all 13 countries.



Innovation at the firm level is generally low and varies across Caribbean countries. On average, roughly 19 percent of Caribbean firms reported having engaged in some form of innovation in the past three years, specifically, implementation of a new or significantly improved product or process, a new marketing method, or a new organizational method in business practices, workplace organization, or external relations. The range varies from the lowest, at 4.8 percent of firms in Dominica, to the highest at 53 percent of firms in Guyana. A higher proportion of firms reported their intention to engage in innovation in the next two years: an average of 35 percent of firms indicated that their intention to undertake technological innovation in the next two years and 39 percent expect to undertake non-technological innovation.2 Not surprisingly, only 10.3 percent of firms in the Caribbean have an innovation department: the range varies from the lowest at 1.6 percent of firms in Dominica, to the highest, at 36.7 percent of firms in Guyana. In general, firms that have an innovation department are more likely to engage in innovation activities (Table 1).


Table 1. Innovation in the Caribbean (% of firms).





	

	
Past Innovation

	
Future Innovation

	
Innovation Department




	
Technological Innovation

	
Non-Technological Innovation






	
Antigua and Barbuda

	
13.0

	
23.7

	
26.7

	
3.1




	
Barbados

	
30.6

	
41.5

	
36.6

	
20.3




	
Dominica

	
4.8

	
27.0

	
38.1

	
1.6




	
Grenada

	
9.3

	
24.0

	
33.3

	
4.7




	
Guyana

	
53.3

	
77.5

	
75.0

	
36.7




	
Jamaica

	
20.0

	
36.0

	
31.8

	
13.2




	
Saint Lucia

	
14.8

	
17.2

	
29.7

	
2.3




	
St. Kitts and Nevis

	
16.0

	
30.4

	
32.0

	
6.4




	
St. Vincent and the Grenadines

	
20.3

	
27.1

	
43.6

	
3.8




	
Suriname

	
51.6

	
78.3

	
70.0

	
32.5




	
The Bahamas

	
16.5

	
24.4

	
29.1

	
3.1




	
Trinidad and Tobago

	
9.4

	
27.9

	
34.4

	
5.3




	
Caribbean

	
19.4

	
34.9

	
38.6

	
10.3








Source: PROTEqIN Survey 2014.








The PROTEqIN survey also makes it possible to determine the extent to which Caribbean firms are recruiting employees with the appropriate level of education. The PROTEqIN survey includes nine job types: managers; professionals, technicians and associate professionals; clerical support workers; service and sales workers; skilled agricultural, forestry, and fishery workers; craft and related trades workers; plant and machine operators and assemblers; and elementary occupations. Firms were asked to report on the minimum level of education required for each job type and the average level of education of their current workforce by job type. From this information, it is possible to determine the extent to which firms are recruiting employees with the adequate level of education across different job types. Table 2 summarises the results and shows that some firms are unable to find employees with the minimum level of education. This is a more serious challenge for recruitment of managers and professionals.


Table 2. Educational mismatch at the firm level.





	
Required Minimum Education and Average Education (Percent of Firms)

	

	

	

	

	




	

	
Managers

	
Professionals

	
Technicians and Associate Professionals

	
Clerical Support Workers

	
Service and Sales Workers

	
Skilled Agricultural, Forestry, and Fishery Workers

	
Craft and Related Trades Workers

	
Plant and Machine Operators, and Assemblers

	
Elementary Occupations






	
Minimum level of education sought for position




	
Completed primary

	
0.4

	
0.0

	
1.0

	
2.9

	
3.1

	
2.1

	
1.2

	
8.5

	
13.1




	
Completed secondary

	
7.8

	
2.2

	
15.0

	
35.0

	
27.1

	
27.8

	
43.8

	
59.6

	
84.1




	
Completed college/vocational training

	
12.8

	
10.2

	
70.9

	
61.8

	
69.6

	
69.7

	
54.9

	
30.9

	




	
University graduate

	
68.6

	
75.5

	
13.1

	
0.2

	

	

	

	
0.4

	




	
Post-graduate (Masters, Ph. D)

	
10.4

	
12.1

	

	

	

	

	

	

	




	
Average level of education of current workforce




	
Completed primary

	
2.0

	
0.9

	
1.4

	
3.3

	
3.9

	
2.1

	
6.6

	
40.2

	
61.4




	
Completed secondary

	
16.6

	
8.1

	
35.5

	
64.1

	
60.4

	
73.4

	
75.6

	
47.9

	
26.0




	
Completed college/vocational training

	
24.2

	
22.4

	
53.0

	
32.4

	
35.3

	
24.2

	
17.6

	
6.4

	




	
University graduate

	
47.8

	
61.0

	
10.1

	
0.2

	
0.2

	

	

	
0.6

	




	
Post-graduate (Masters, Ph. D)

	
9.3

	
7.6

	

	

	

	

	

	

	








Source: Authors estimates from PROTEqIN 2014. Note: the table provides information on the distribution of educational requirements and the average level of education for each job type. The green cells indicate a situation where more firms have employees with an appropriate (or higher) level of education required for that job type and red cells indicate otherwise.








Educational mismatches in selected Caribbean countries can be observed by combining information from labour force surveys with the PROTEqIN survey. Figure 1 shows the results of an estimated distribution for labour demand using data derived from the 2014 PROTEqIN survey and an estimated distribution of labour supply by educational levels for Barbados, The Bahamas, Jamaica, and Trinidad and Tobago derived from each country’s Labour Force Surveys. The evidence suggests an undersupply of workers with university degrees and vocational training on the right side of the distribution and an oversupply of workers with lower levels of education (primary and secondary). It is therefore not surprising that an inadequately educated workforce is ranked as the most important constraint for firms’ performance (Figure 2).


Figure 1. Labour demand and supply differentiated by educational level (percent). Source: Ruprah and Sierra (2016).



[image: Economies 06 00033 g001]





Figure 2. Most important constraints affecting firms’ performance (percent). Source: PROTEQIN Survey (2014).
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3. Methodology


This paper tackles four questions: (i) the extent to which firm-level innovation is affected by the firms’ ability to find new skilled employees; (ii) the extent to which firm-level innovation is affected by the educational mismatches at the managerial and professional levels of occupation; (iii) the extent to which firm-level innovation is affected by the firms inability to find employees with core skills or job-related skills; and (iv) the extent to which firm-level innovation is affected by in-firm training.



Three dependent variables reflecting innovation decisions are considered: (i) whether a firm introduced at least one type of innovation in the past three years = 1, otherwise = 0; (ii) whether a firm plans to pursue technological innovation in the next two years = 1, otherwise = 0; and (iii) whether a firm plans to pursue non-technological innovation in the next two years = 1, otherwise = 0, (see Table 3). As each dependent variable is binary, a Probit model is used to estimate the marginal effects associated with factors affecting firms’ decision to innovate.


Table 3. Dependent variables.





	
Past innovation

	
Introduction of at least one type of innovation in the past three years = 1




	
Otherwise = 0




	
Future technological innovation

	
Firm plans to pursue technological innovation in the next two years = 1




	
Otherwise = 0




	
Future non-technological innovation

	
Firm plans to pursue non-technological innovation in the next two years = 1




	
Otherwise = 0










As this paper focuses on the extent to which education, skills and in-firm training of a firms’ workforce influences innovation, four questions from the PROTEqIN survey are used to construct a set of relevant explanatory variables, along with variables controlling for other standard determinants of innovation (see Table A1 in the Appendix). The first question—Did your establishment have difficulty in finding new skilled employees?—was used to construct a dummy variable equal to 1 if the firm had difficulty finding new skilled employees and 0 otherwise.


Table A1. Selected question from the PROTEqIN survey.









	Variables
	Survey Questions





	Dependent variables
	



	Past Innovation
	In the last three years, did this establishment introduce to the market a new or significantly improved good or service?



	Future technological innovation
	In the next two years, do you to plan to pursue any of the following innovations in your establishment: (i) product innovation and (ii) process innovation?



	Future non-technological innovation
	In the next two years, do you to plan to pursue any of the following innovations in your establishment: (i) organizational innovation and (ii) marketing innovation?



	Independent variables
	



	Log of firm age
	In what year did this establishment begin operations?



	Log of firm size
	Please describe the full-time permanent workforce of your establishment at the end of last fiscal year?



	Exporter
	In the last fiscal year, what percentage of this establishment’s sales were direct exports?



	Importer
	During the last fiscal year, what percentage of this establishment’s sales were material inputs or supplies of foreign origin?

Were any of the material inputs or supplies purchased in the last fiscal year, imported directly?



	Difficulty finding new skills
	Did your establishment have difficulty in finding new skilled employees?



	Mismatch variables
	For those occupational categories that the firm employs, please specify the following: (i) Minimum required level of education and (ii) Average level of education.



	Difficulty finding core and job-related skills for nine (9) job types
	Please specify [on a range from Not difficult (1) to Almost impossible (5)] for each relevant job type the difficulty of finding candidates with the appropriate (i) Core skills and (ii) Job-related skills?



	Training
	What percentage in each category below received formal training: (i) production workers (skilled and unskilled) and (ii) non-production workers?







Source: PROTEqIN Survey (2014).








The second question used asked firms to specify the minimum level of education required for nine job types, and the average level of education of the firms’ current workforce for the same nine job types. Educational levels and job types comprised five and nine categories, respectively (see Table 2). Six variables are constructed based on whether there are reported differences between the minimum level of education required (MR) for a specific job type and the average level of education required (AR) for that type of job. The analysis focuses on managers and professionals. In the first instance, two dummy variables, one representing a manager mismatch and another representing a professional mismatch are defined as equal to 1 if MR ≠ AR, and 0 otherwise. In addition, four variables are defined to represent undereducated and overeducated managers and professionals as follows: if MR < AR then it is assumed that the firm employs human capital (managerial and or professional) that is undereducated for that position. If the MR > AR, then it is assumed that the firm employs human capital that is overeducated for that position. In this regard, two dummy variables are defined as equal to 1 if AR < MR and 0 otherwise, representing undereducated managers and undereducated professionals, respectively; another two dummy variables, each equal to 1 if AR > MR and 0 otherwise, represent overeducated managers and professionals, respectively (see Table 4).


Table 4. Explanatory variables.





	
Difficulty in finding new skilled employees

	
Firm had difficulty finding new skilled employees = 1




	
Otherwise = 0




	
Manager mismatch

	
For managers: if (MR) ≠ (AR) = 1




	
Otherwise = 0




	
Professional mismatch

	
For professional: if (MR) ≠ (AR) = 1




	
Otherwise = 0




	
Overqualified managers

	
For managers: if (MR) < (AR) = 1




	
Otherwise = 0




	
Underqualified managers

	
For managers: if (MR) > (AR) = 1




	
Otherwise = 0




	
Overqualified professionals

	
For professional: if (MR) < (AR) = 1




	
Otherwise = 0




	
Underqualified professionals

	
For professional: if (MR) > (AR) = 1




	
Otherwise = 0




	
Difficulty finding candidates with the appropriate skills (core or job-related):




	
Managers

	
Managers: “difficult” to “almost impossible” = 1




	
Managers: “not difficult” to “slightly difficult” = 0




	
Professionals

	
Professionals: “difficult” to “almost impossible” = 1




	
Professionals: “not difficult” to “slightly difficult” = 0




	
Technicians and associate professionals (TAP)

	
TAP: “difficult” to “almost impossible” = 1




	
TAP: “not difficult” to “slightly difficult” = 0




	
Clerical support workers (CSW)

	
CSW: “difficult” to “almost impossible” = 1




	
CSW: “not difficult” to “slightly difficult” = 0




	
Service and sales workers (SSW)

	
SSW: “difficult” to “almost impossible” = 1




	
SSW: “not difficult” to “slightly difficult” = 0




	
Skilled agricultural, forestry, and fishery workers (SAFFW)

	
SAFFW: “difficult” to “almost impossible” = 1




	
SAFFW: “not difficult” to “slightly difficult” = 0




	
Craft and related trades workers (CRTW)

	
CRTW: “difficult” to “almost impossible” = 1




	
CRTW: “not difficult” to “slightly difficult” = 0




	
Plant and machine operators, and assemblers (PMOA)

	
PMOA: “difficult” to “almost impossible” = 1




	
PMOA: “not difficult” to “slightly difficult” = 0




	
Elementary occupations (EO)

	
EO: “difficult” to “almost impossible” = 1




	
EO: “not difficult” to “slightly difficult” = 0










The third question which asks firms to report whether they had difficulty finding candidates with the appropriate skills (core or job-related) is used to construct another set of explanatory variables.3 For each job type j, a dummy variable is defined as j = 1 if the firm reports that it is “difficult” to “almost impossible” to find candidates with the appropriate skills (core or job-related); and 0 if it is reported as “not difficult” to “slightly difficult”. This yields nine dummy variables, each equal to 1 if the firm had “difficulty” finding employees with core skills for the aforementioned nine job types and 0 otherwise; and another nine dummy variables, each equal to 1 if the firm had “difficulty” finding employees with job-related skills for the aforementioned nine job types (see Table 4).



The fourth variable of interest examines whether in-firm training affects innovation. The question used here asked whether the firm ran formal training programs for its permanent, full-time employees in the last fiscal year, and if so what percentage of production (skilled and unskilled) and non-production workers received training. Two variables were constructed from this question: (i) the percentage of total production workers (skilled and unskilled) that received training and (ii) the percentage of total non-production workers that received training. Table 5 provides summary statistics on the variables used in the regressions.


Table 5. Summary statistics.











	Variable
	Number of Observations
	Mean
	Std. Dev.





	Past innovation
	1815
	0.19
	0.40



	Future technology innovation
	1846
	0.35
	0.48



	Future non-technology innovation
	1846
	0.39
	0.49



	ln (age)
	1797
	2.98
	0.71



	ln (size)
	1844
	3.22
	1.17



	Exporter
	1846
	0.16
	0.37



	Importer
	1846
	0.54
	0.50



	Difficulty finding core skills
	
	
	



	Manager
	1846
	0.83
	0.37



	Professionals
	1846
	0.79
	0.41



	Technicians and associate professionals
	1846
	0.53
	0.50



	Clerical support workers
	1846
	0.16
	0.37



	Service and Sales workers
	1846
	0.22
	0.42



	Skilled agricultural, forestry, and fishery workers
	1846
	0.41
	0.49



	Craft and related trades workers
	1846
	0.45
	0.50



	Plant and machine operators, and assemblers
	1846
	0.15
	0.35



	Elementary occupations
	1846
	0.12
	0.33



	Difficulty finding job-related skills
	
	
	



	Manager
	1846
	0.66
	0.48



	Professionals
	1846
	0.61
	0.49



	Technicians and associate professionals
	1846
	0.42
	0.49



	Clerical support workers
	1846
	0.16
	0.37



	Service and sales workers
	1846
	0.26
	0.44



	Skilled agricultural, forestry, and fishery workers
	1846
	0.28
	0.45



	Craft and related trades workers
	1846
	0.36
	0.48



	Plant and machine operators, and assemblers
	1846
	0.16
	0.37



	Elementary occupations
	1846
	0.11
	0.32



	Industry (manufacturing sector = 1)
	1844
	0.25
	0.43



	Difficulty finding new skills
	1846
	0.46
	0.50



	Manager mismatch
	1846
	0.49
	0.50



	Professional mismatch
	1846
	0.55
	0.50



	Overqualified managers
	1846
	0.13
	0.34



	Underqualified managers
	1846
	0.36
	0.48



	Underqualified professionals
	1846
	0.47
	0.50



	Overqualified professionals
	1846
	0.07
	0.26



	Training of workers
	
	
	



	 Share of production workers (skilled and unskilled)
	1061
	10.19
	22.21



	 Share of non-production workers
	1061
	13.13
	22.02







Source: Authors’ estimation based on the 2014 PROTEqIN survey. Note: “ln” stands for natural logarithms.








The regression to be estimated is specified as follows:


[image: ]



(1)




where Innovation is a binary variable equal to 1 if the firm introduced at least one type of innovation in the last three years and 0 otherwise, or if the firm plans to undertake technological innovation in the next two years and 0 otherwise, or if the firm plans to undertake non-technological innovation in the next two years and 0 otherwise; age is the number of years the firm has been in operation, size is the number of employees in the firm at the end of the last fiscal year, exporter is a dummy variable equal to 1 if the firm exports and 0 otherwise, importer is a dummy variable equal to 1 if the firm imports and 0 otherwise, and industry is a dummy variable equal to 1 if the firm is a manufacturer and 0 otherwise. [image: ] represents a vector of explanatory variables:


[image: ]



(2)







[image: ] is a dummy variable equal to 1 if the firm has difficulty finding new skilled employees and 0 otherwise. [image: ] is a vector of two dummy variables representing manager mismatch and professional mismatch, [image: ] is a vector of four dummy variables representing undereducated managers, undereducated professionals, overeducated managers, and overeducated professionals. [image: ] is a vector of nine dummy variables each equal to 1 if the firm had “difficulty” finding employees with core skills for nine job types; [image: ] is a vector of nine dummy variables each equal to 1 if the firm had “difficulty” finding employees with job-related skills for nine job types. [image: ] is a vector of two variables representing the share of production workers that received training and the share of non-production workers that received training. [image: ] are the country fixed effects, [image: ] are the coefficients to be estimated, and [image: ] is a normally distributed error term. Six separate Probit regressions are estimated, one for each term on the right-hand side of Equation (2).




4. Results


The detailed results from the Probit regressions are presented in Table A2, Table A3, Table A4, Table A5 and Table A6 in the Appendix. The findings from the regressions show that the challenge that Caribbean firms face in recruiting skilled employees and educational mismatches in their workforce at the managerial and professional levels reduce the probability of innovation. Moreover, while the effects of in-firm training on innovation are positive and statistically significant, their magnitude is negligible. These findings generally hold for past innovation, and future innovation decisions related to technological and non-technological activities (Table 6).


Table A2. Difficulty finding employees with new skills.





	

	
Past Innovation

	
Future Innovation




	

	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation






	
Log of firm age

	
0.027

	
0.001

	
0.000




	
(0.06) ***

	
(0.048)

	
(0.048)




	
Log of firm size

	
0.058

	
0.053

	
0.040




	
(0.04) ***

	
(0.034) ***

	
(0.033) ***




	
Exporter

	
0.080

	
0.004

	
0.076




	
(0.10) ***

	
(0.089)

	
(0.086) **




	
Importer

	
0.079

	
0.069

	
0.064




	
(0.09) ***

	
(0.073) **

	
(0.070) **




	
Industry (manufacturing sector = 1)

	
0.160

	
0.121

	
0.067




	
(0.09) ***

	
(0.075) ***

	
(0.073) **




	
Difficulty finding new skills

	
−0.048

	
−0.091

	
−0.045




	
(0.09) ***

	
(0.074) ***

	
(0.071) *




	
Observations

	
1767

	
1797

	
1797




	
Wald

	
(311) ***

	
(274) ***

	
(170) ***




	
Log Pseudo Likelihood

	
−666

	
−1012

	
−1110




	
Pseudo R2

	
0.238

	
0.13

	
0.08




	
Country fixed effects

	
Yes

	
Yes

	
Yes








Notes: (1) coefficients reported are marginal effects; (2) robust standard errors in parenthesis; (3) * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level.







Table A3. Educational mismatches.





	

	
Past Innovation

	
Future Innovation




	

	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation






	
Log of firm age

	
0.029

	
0.003

	
0.001




	
(0.058) **

	
(0.049)

	
(0.047)




	
Log of firm size

	
0.046

	
0.035

	
0.031




	
(0.037) ***

	
(0.031) ***

	
(0.030) **




	
Exporter

	
0.077

	
0.003

	
0.077




	
(0.100) ***

	
(0.089)

	
(0.086) **




	
Importer

	
0.076

	
0.066

	
0.062




	
(0.091) ***

	
(0.073) **

	
(0.070) **




	
Industry (manufacturing sector = 1)

	
0.161

	
0.123

	
0.067




	
(0.084) ***

	
(0.075) ***

	
(0.073) **




	
Manager mismatch

	
−0.047

	
−0.066

	
−0.004




	
(0.079) **

	
(0.065) **

	
(0.063)




	
Professional mismatch

	
−0.046

	
−0.006

	
0.000




	
(0.085) **

	
(0.070)

	
(0.068)




	
Observations

	
1767

	
1797

	
1797




	
Wald

	
(319) ***

	
(275) ***

	
(166) ***




	
Log Pseudo Likelihood

	
−662

	
−1013

	
−1112




	
Pseudo R2

	
0.242

	
0.13

	
0.07




	
Country fixed effects

	
Yes

	
Yes

	
Yes








Notes: (1) coefficients reported are marginal effects; (2) robust standard errors in parenthesis; (3) * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level. Source: Authors’ estimation based on the 2014 PROTEqIN survey.







Table A4. Educational mismatches: overeducated and undereducated employees.





	

	
Past Innovation

	
Future Innovation




	

	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation






	
Log of firm age

	
0.028

	
0.002

	
0.000




	
(0.058) **

	
(0.049)

	
(0.048)




	
Log of firm size

	
0.045

	
0.032

	
0.029




	
(0.036) ***

	
(0.031) ***

	
(0.030) ***




	
Exporter

	
0.076

	
0.001

	
0.076




	
(0.100) ***

	
(0.089) **

	
(0.086) **




	
Importer

	
0.076

	
0.065

	
0.062




	
(0.092) ***

	
(0.073) **

	
(0.071) **




	
Industry (manufacturing sector = 1)

	
0.162

	
0.121

	
0.068




	
(0.085) ***

	
(0.075) ***

	
(0.073) **




	
Educational mismatch:

	

	

	




	
 Overqualified managers

	
−0.07

	
−0.13

	
−0.02




	
(0.128) **

	
(0.102) ***

	
(0.096)




	
 Underqualified managers

	
−0.04

	
−0.05

	
0.00




	
(0.086) **

	
(0.071) *

	
(0.069)




	
 Overqualified professionals

	
−0.01

	
0.08

	
0.06




	
(0.145)

	
(0.123) *

	
(0.121)




	
 Underqualified professionals

	
−0.05

	
−0.03

	
−0.01




	
(0.091) ***

	
(0.074)

	
(0.071)




	
Observations

	
1767

	
1797

	
1797




	
Wald

	
(318) ***

	
(285) ***

	
(169) ***




	
Log Pseudo Likelihood

	
−661

	
−1009

	
−1111




	
Pseudo R2

	
0.24

	
0.13

	
0.08




	
Country fixed effects

	
Yes

	
Yes

	
Yes








Notes: (1) coefficients reported are marginal effects; (2) robust standard errors in parenthesis; (3) * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level. Source: Authors’ estimation based on the 2014 PROTEqIN survey.







Table A5. Difficulty finding core and job-related skills.





	

	
Past Innovation

	
Future Innovation




	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation




	
Core Skills

	
Job-Related Skills

	
Core Skills

	
Job-Related Skills

	
Core Skills

	
Job-Related Skills






	
Log of firm age

	
0.032

	
0.018

	
0.007

	
−0.006

	
0.004

	
−0.012




	
(0.057) **

	
(0.056)

	
(0.048)

	
(0.047)

	
(0.047)

	
(0.047)




	
Log of firm size

	
0.049

	
0.038

	
0.040

	
0.030

	
0.031

	
0.025




	
(0.036) ***

	
(0.035) ***

	
(0.031) ***

	
(0.031) ***

	
(0.031) ***

	
(0.031) ***




	
Exporter

	
0.088

	
0.082

	
0.012

	
0.011

	
0.079

	
0.084




	
(0.097) ***

	
(0.096) ***

	
(0.090)

	
(0.089)

	
(0.086)

	
(0.086) **




	
Importer

	
0.050

	
0.043

	
0.032

	
0.020

	
0.039

	
0.028




	
(0.086) **

	
(0.083) **

	
(0.070)

	
(0.070)

	
(0.069)

	
(0.069)




	
Industry (manufacturing sector=1)

	
0.168

	
0.163

	
0.121

	
0.121

	
0.063

	
0.059




	
(0.083) ***

	
(0.081) ***

	
(0.066) ***

	
(0.075) ***

	
(0.073) **

	
(0.073) ***




	
Difficulty finding core and job-related skills by job type:

	

	

	

	




	
Managers

	
−0.09

	
−0.04

	
−0.06

	
0.00

	
−0.07

	
−0.01




	
(0.124) ***

	
(0.075) **

	
(0.103)

	
(0.066)

	
(0.103) *

	
(0.065) *




	
Professionals

	
−0.08

	
−0.05

	
−0.18

	
−0.09

	
−0.07

	
−0.03




	
(0.134) **

	
(0.076 )***

	
(0.011) ***

	
(0.069) ***

	
(0.111) *

	
(0.067) *




	
Technicians and associate professionals

	
−0.02

	
0.01

	
0.01

	
−0.01

	
0.00

	
−0.03




	
(0.077)

	
(0.075)

	
(0.067)

	
(0.066)

	
(0.064)

	
(0.064)




	
Clerical support workers

	
0.04

	
0.03

	
0.07

	
0.00

	
0.02

	
0.01




	
(0.105)

	
(0.105)

	
(0.095) *

	
(0.091)

	
(0.092)

	
(0.090)




	
Service and Sales workers

	
−0.01

	
0.02

	
−0.03

	
0.00

	
0.01

	
0.05




	
(0.092)

	
(0.089)

	
(0.080)

	
(0.078)

	
(0.078)

	
(0.076)




	
Skilled agricultural, forestry, and fishery workers

	
−0.03

	
−0.09

	
−0.01

	
−0.09

	
−0.05

	
−0.13




	
(0.089)

	
(0.090) ***

	
(0.076)

	
(0.077) ***

	
(0.074) *

	
(0.074) ***




	
Craft and related trades workers

	
0.02

	
−0.02

	
−0.04

	
−0.07

	
−0.01

	
−0.06




	
(0.081)

	
(0.078)

	
(0.069)

	
(0.069) ***

	
(0.066)

	
(0.067) **




	
Plant and machine operators, and assemblers

	
−0.05

	
0.01

	
0.07

	
0.02

	
0.06

	
0.10




	
(0.105) *

	
(0.100)

	
(0.089) **

	
(0.088) **

	
(0.087) *

	
(0.087) ***




	
Elementary occupations

	
0.00

	
0.08

	
−0.06

	
0.10

	
−0.01

	
0.03




	
(0.151)

	
(0.145) **

	
(0.133)

	
(0.127) **

	
(0.131)

	
(0.127)




	
Observations

	
1767

	
1767

	
1797

	
1798

	
1797

	
1798




	
Wald

	
(258) ***

	
(221) ***

	
(214) ***

	
(156) ***

	
(128) ***

	
(128) ***




	
Log Pseudo Likelihood

	
−706

	
−746

	
−1047

	
−1076

	
−1130

	
−1130




	
Pseudo R2

	
0.19

	
0.15

	
0.10

	
0.07

	
0.06

	
0.06




	
Country fixed effects

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes

	
Yes








Notes: (1) coefficients reported are marginal effects; (2) robust standard errors in parenthesis; (3) * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level. Source: Authors’ estimation based on the 2014 PROTEqIN survey.







Table A6. Training of production and non-production workers.





	

	
Past Innovation

	
Future Innovation




	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation






	
Log of firm age

	
0.028

	
0.013

	
0.000




	
(0.074)

	
(0.063)

	
(0.060)




	
Log of firm size

	
0.049

	
0.029

	
0.029




	
(0.047) ***

	
(0.041) *

	
(0.039) *




	
Exporter

	
0.053

	
−0.045

	
0.089




	
(0.121) *

	
(0.115)

	
(0.106) **




	
Importer

	
0.047

	
0.004

	
0.017




	
(0.110) *

	
(0.092)

	
(0.089)




	
Industry (manufacturing sector = 1)

	
0.183

	
0.072

	
0.010




	
(0.108) ***

	
(0.102) ***

	
(0.096)




	
Training:

	

	

	




	
Share of production workers (skilled and unskilled) that received training

	
0.003

	
0.005

	
0.004




	
(0.003) ***

	
(0.003) ***

	
(0.002) ***




	
Share of non-production workers that received training

	
0.004

	
0.005

	
0.003




	
(0.003) ***

	
(0.003) ***

	
(0.003) **




	
Observations

	
1020

	
1042

	
1042




	
Wald

	
(171) ***

	
(93) ***

	
(60) ***




	
Log Pseudo Likelihood

	
−407

	
−590

	
−657




	
Pseudo R2

	
0.23

	
0.12

	
0.06




	
Country fixed effects

	
Yes

	
Yes

	
Yes








Notes: (1) coefficients reported are marginal effects; (2) robust standard errors in parenthesis; (3) * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level. Source: Authors’ estimation based on the 2014 PROTEqIN survey.







Table 6. Summary of main results from Probit estimations.





	

	
Dependent Variables




	

	
Any Type of Innovation

	
Technological Innovation

	
Non-Technological Innovation






	
Difficulty finding new skills

	
−0.048 ***

	
−0.091 ***

	
−0.045 *




	
Educational mismatch:

	

	

	




	
Manager mismatch

	
−0.047 **

	
−0.066 **

	
−0.004




	
Professional mismatch

	
−0.046 **

	
−0.006

	
0.000




	
Overqualified managers

	
−0.07 **

	
−0.13 ***

	
−0.02




	
Underqualified managers

	
−0.04 **

	
−0.05 *

	
0.00




	
Overqualified professionals

	
−0.01

	
0.08 *

	
0.06




	
Underqualified professionals

	
−0.05 ***

	
−0.03

	
−0.01




	
Training:

	

	

	




	
Share of production workers (skilled and unskilled)

	
0.003 ***

	
0.005 ***

	
0.004 ***




	

	

	




	
Share of non-production workers

	
0.004 ***

	
0.005 ***

	
0.003 ***








Source: Author’s estimates. * coefficients are statistically significant at the 10 percent level, ** at the 5 percent level; *** at the 1 percent level. See Appendix 1 for detailed results.








The other explanatory variables also show interesting results. The marginal effects of the exporters, firm age, firms size, and manufacturing industry dummies were all positive and statistically significant for past innovation. However, firm age was found to be statistically insignificant for both types of future innovations, and the variable representing exporting firms was found to be statistically insignificant for technological innovation only.



Firms that export are 8 percent more likely to engage in past innovation, and 0.4 percent and 7.6 percent more likely to pursue technological and non-technological innovation in the next two years, than non-exporters. Importers are 7.9 percent more likely to innovate, and 6.9 percent and 6.4 percent more likely to pursue technological and non-technological innovation in the next two years, than non-importers. This finding is consistent with other studies such as Lin and Tang (2013) who found that exporters tend to invest more in R&D compared to non-exporters. Theoretical models by Atkeson and Burstein (2010) and Impullitti and Licandro (2018) show that trade openness induces firms to increase innovation which is mostly explained by the increased competition firms face in international markets (see also Melitz 2003).



Firm age is also found to be positive and statistically significant reflecting a situation where older firms invest more in innovation. The literature on this relationship is inconclusive as some studies have found that older firms have lower innovative probabilities than new entrants or challengers to incumbent firms (Abdelmoula and Etienne 2010; Coad et al. 2016; Czarnitzki and Kraft 2004; Hansen 1992; Huergo and Jaumandreu 2004; Reinganum 1983). However, one of the main arguments put forward in favor of a positive relationship is related to learning effects, which allow older firms to build upon previous capabilities and competences, and through the accumulation of resources and managerial knowledge over time (Herriott et al. 1984; Levitt and March 1988).



Firm size is also found to be statistically significant, increasing innovation by 5.8 percent, as are plans to pursue future technological innovation and non-technological innovation by 5.3 percent and 4 percent, respectively. Similarly, although some papers have found that larger firms tend to invest more in research and development as they can amortize fixed costs over a broader base (Palangkaraya et al. 2016), other studies have found that small firms are more efficient at innovation because they are more flexible and less bureaucratic than larger firms (Becheikh et al. 2006; Le Bas and Scellato 2014). Some studies that have examined the innovation and firm size relationship at the intensive margin draw negative or ambiguous conclusions (Johansson and Lööf 2008). Finally, firms in the manufacturing sector are 16 percent more likely to innovate than firms in other sectors, and 12.1 percent and 6.7 percent more likely to pursue technological innovation and non-technological innovation, respectively, in the next two years.



The marginal effects associated with firms’ inability to find new skilled workers are equal to −0.048, −0.091, and −0.045 for past innovation, future technological innovation, and future non-technological innovation, respectively (i.e., lowering the probabilities of past and future innovations lower by 4.8 percent (past), 9.1 percent (future technological), and 4.5 percent (future non-technological)).



Table A3 and Table A4 in the Appendix present the results associated with a manager mismatch and a professional mismatch, that is, if the firms’ employees are either undereducated or overeducated for those two occupational categories. The marginal effects show that a manager mismatch lowers the probability of innovation by 4.7 percent and 6.6 percent for future technological innovation, while it is statistically insignificant for future non-technological innovation. Similarly, an educational mismatch of professionals lowers the probability of innovation by 4.6 percent but is statistically insignificant for both types of future innovation.



As educational mismatches can be classified as either overeducated or undereducated, Table 6 provides the marginal effects associated with both occupational levels. The results show that overeducated and undereducated managers negatively affect past innovation and future technological innovation. The marginal effects for overeducated managers show that it is relatively larger for future technological innovation, lowering by 13 percent and lowering past innovation by 7 percent. Undereducated managers also reduce the probability of past and future technological innovation by 4 percent and 5 percent, respectively. Moreover, having overeducated professionals increases the probability of future technological innovation by 8 percent, while having undereducated professionals lowers past innovation by 5 percent.



Table A5 in the Appendix presents the results of regressions that examined the relationship between firms’ inability to find workers with appropriate core and job-related skills and innovation. In general, the marginal effects show that at least for three occupational categories, the probability of both past and future innovation is lowered, especially when firms are unable to find employees with the appropriate core skills. The marginal effects show that past innovation is lowered by 9 percent and 4 percent, respectively when firms have difficulty in finding managers with appropriate core and job-related skills, respectively. The effect is also statistically significant for future non-technological innovation, but insignificant for future technological innovation. However, future technological innovation is lowered by 18 percent and 9 percent when firms are unable to find professionals with the appropriate core skills and job-related skills, respectively. Difficulty in finding professionals with the appropriate core and job-related skills are also statistically significant for past innovation, and future non-technological innovation. Difficulty in finding labour with the appropriate core and job-related skills in other job categories such as skilled agricultural workers, craft workers, and plan and machine operators are found to affect the likelihood of innovation, particularly future innovation (see Table A5 in the Appendix).



With respect to training, the results in Table A6 in the Appendix show that training of both production and non-production workers is more likely to increase innovation. Mohan et al. (2017) in examining the determinants of in-firm training in the Caribbean found that it is positively related to firm characteristics such as firm size, being part of a larger firm, exporting, foreign ownership, and expenditure on R&D. These authors also found that training had a positive effect on innovation. The marginal effects reported in Table A6 show that training of both production and non-production workers is positively associated with past and future innovation.




5. Conclusions


This paper sought to fill the gap on the extent to which human capital constraints affect past and future innovation decisions of Caribbean firms. Innovation in the Caribbean is relatively lower than in countries of comparable population size, and Caribbean firms have consistently ranked an “inadequately educated workforce” as their most serious obstacle to improving performance. Low innovation levels have been considered as an underlying cause of the region’s low economic growth and declining productivity levels. Thus, understanding the link between human capital constraints faced by firms and their innovation decisions is a critical issue for policymakers in the Caribbean. In that regard, this paper provides empirical evidence on the relationship between several dimensions of human capital constraints and past and future innovation decision of firms. The paper examined the determinants of firm innovation decisions, focusing on those related to human capital constraints, through several Probit models using firm-level data on 13 Caribbean countries.



The findings from this paper show that human capital constraints do have a statistically significant effect on firm innovation decisions in the Caribbean. Four aspects of human capital constraints were examined: (i) the difficulty of a firm finding new skilled workers; (ii) educational mismatches for managerial and professional job types; (iii) difficulty finding employees with core and job-related skills; and (iv) the importance of in-firm training. The paper shows that when firms’ have difficulty finding new skilled employees they are less likely to engage in any type of innovation, and this is also true for decisions about future technological and non-technological innovations. It was also found that educational mismatches for managerial and professional job types also lowers the likelihood of innovation. This effect is particularly important for future technological innovation when there are overeducated managers and professionals. Moreover, firms that face challenges to find employees with the required core and job-related skills at the managerial and professional levels are less likely to innovate, than those that do not. Finally, in-firm training is found to increase the probability of innovation, but its magnitude is low. In terms of the other traditional determinants of innovation, it was found that firm age, firm size, exporters, importers and manufacturing firms were statistically significant in increasing the probability of past innovation decision. However, for future technological innovation firm age and exporters were statistically insignificant, while for future non-technological innovation all the mentioned variables were statistically significant except for firm age.



The findings suggest that human capital constraints can potentially lower the likelihood of innovation among Caribbean firms. Such an outcome could have adverse macroeconomic implications through the lowering productivity growth. It is, therefore, important for policymakers to enact polices to address the underlying causes of educational and skill mismatches in the labour force and streamline education and training programs that are most relevant to the evolving demands of the labour market. Admittedly, the literature on the underlying factors causing human capital constraints in the Caribbean is sparse, but what exists suggests that the relatively deficient human capital stock is related to worker emigration, quality of education and training and perhaps the need for more relevant education and training programs. The latter may reflect gaps in education policies, information asymmetries between institutions that provide education and training and private sector demand for labour, and weak monitoring and evaluation mechanisms within the region’s education system. Further research in this area is needed along with better-quality data to make more conclusive policy statements. Additionally, given the low intensity of training reported by firms, there is significant potential to increase in-firm training and/or establish networks with both local and foreign institutions to design training programs that can enhance the quality and relevance of firms’ human capital stock within the Caribbean.



In terms of policy suggestions going forward, perhaps a starting point for policymakers is to evaluate the existing stock of programs designed to improve innovation, determine what is working and what is not, and make appropriate changes to the policy mix, as there are other factors apart from human capital constraints that influence innovation decisions.
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Appendix


Table A1 shows the survey questions used to construct the dependent and independent variables used in the regression analysis.
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1The Caribbean countries considered in the analysis are Antigua and Barbuda, Barbados, Dominica, Grenada, Guyana, Jamaica, Saint Lucia, St. Kitts and Nevis, St. Vincent and the Grenadines, Suriname, The Bahamas and Trinidad and Tobago.



	
2Technological innovation refers to product and process innovation and non-technological innovation refers to organizational and marketing innovations.



	
3Core skills refer to communication skills, team-working skills, problem-solving skills, literacy skills (reading and writing), numeracy skills (analysis of numerical data and calculations), use of information and communication technology, planning and organizing skills, customer care skills, responsibility, reliability and trustworthiness, motivation and commitment, self-management and entrepreneurship, general vocational job-specific skills, advanced vocational job-specific skills, and foreign language. Job-related skills refer to the minimum required level of education, domestic post-secondary education, foreign post-secondary education, grades and transcripts, theoretical knowledge of the job, practical knowledge of the job, previous work experience in the same field, previous work experience in different field, and general experience in a workplace (PROTEqIN survey, 2014).
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