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QuInnE -Quality of jobs and Innovation generated Employment outcomes -is an interdisciplinary project investigating how job quality and innovation mutually impact each other, and the effects this has on job creation and the quality of these job.

Introduction

This paper studies the effect of innovation adoption in the workplace on different dimensions of the work environment. Using a micro analysis at the employee level, this study shows how innovation interacts with different aspects of working conditions, both work organization practices and job quality. We seek to understand the impact of innovation on the qualitative aspects of work and thus contribute to completing existing studies on technological change. Research on the role of innovative dynamics in employment is often concerned with shedding light on it as a central issue, especially in a knowledgebased economy (European strategy 20201 ). The fast adoption of innovativeness all at once in the strategies of firms and in public policies on industries calls for more detailed academic research on this issue to support firms and policies. More accurately understanding the multiple indirect impacts of new technology adoption is essential to promote adapted recommendations. The European project "Quality of jobs and innovation-generated employment outcomes," supported by the European Commission (EC), illustrates the weight given to the relation between innovation and job quality. This article meets the objective of better understanding this relation and makes a contribution with regard to this new concern.

Currently, the abundant empirical literature is mainly focused on the impact of innovation on variation in the level of employment (the net effect of creation / the destruction mechanism of technological change). These studies are diverse in terms of methodology and approach; indeed, we find both theoretical and empirical contributions at different levels, such as country-, industry-and firm-level analysis [START_REF] Vivarelli | Innovation, Employment and Skills in Advanced and Developing Countries: A Survey of Economic Literature[END_REF]. However, despite this apparent diversity, the emphasis on the sole net effect of job creation / destruction conceals part of the employment impact induced by technological change. To better understand the complex impact of innovation, it seems essential to clarify the effect of innovation on employees in the workplace beyond the sole effect on employment variation and turnover. This article aims to make a contribution on the interaction of innovation with job quality to better understand the transformation of tasks induced by technological change and innovation. The originality of our empirical strategy is to combine frameworks regarding the economics of innovation with job quality, which is a relatively new way, both empirically and theoretically, to deal with this issue.

The multidimensional framework of job quality is more comprehensive than the sole category of employment variation; simultaneously, it completes the learning or work organization framework (Guergoat-Larivière and Marchand 2011). Taking into account only one aspect of the labor issue does not allow scholars to observe the differentiated effects of technological change. For instance, we could expect supporting effects on innovation from work organization practices (learning practices or more autonomy); simultaneously, we could expect negative effects on other aspects of work, such as worktime intensity or contract stability. From this perspective, our study consists of articulating frameworks on job quality and work organization with innovation, here taken as new technology adoption at the workplace.

Our paper aims to empirically investigate at the employee level how innovation related to work organization practices directly impacts job quality. Innovation is a concept and a phenomenon that is difficult to isolate, and the scope of its analysis differs among studies, though a wide definition is quite easy to establish 2 . In macro level analysis, the terms technological change or technological progress are more common; in contrast, micro analysis prefers the term innovation. Additionally, scholars often divide innovation into subcategories to capture more homogeneous realities; the empirical reference is given by the Oslo Manual (2005) 3 . In our article, innovation is taken in the sense of diffusion of new technology (new technology adoption at the workplace).

This study contributes to better understanding the overall link between innovation (as defined above) and some employment issues based on the concepts of job quality, working conditions and work organization practices. To that end, based on the scheme below (Graphic 1), we aim to answer three main questions. First, how does new technology adoption in the workplace directly shape working conditions and job quality (relationship 1 in the graphic)? How does the work organization interact with both innovation (relationship 2) and job quality performance (relationships 3, 1 and 2)? Third, does innovation combined with some workplace practices have differentiated effects (4)?

To the best of our knowledge, no large and in-depth set of studies has been conducted from an economic perspective on this specific topic, in part because the interactions are complex and the theory is missing. Along with some very recent other studies [START_REF] Bustillo | Innovation and Job Quality. An Initial Exploration[END_REF] and Erhel and Guergoat-Larivière (2016)), our research constitutes a first empirical step from this perspective. Promoting innovation must be based on a comprehensive view of its impact on employment. Even if there are several welldocumented studies on employment variation, knowledge of the effects of new technology adoption by employees on working conditions is lacking. Our study should also introduce some elements regarding the central issue of inequalities by skill and occupation.

In the second section, we discuss in more detail the empirical framework used with regard to job quality, work organization practices and innovation. Then, in the third section, we present the methodology and our empirical strategy. In the fourth section, we show the results. Finally, in the last section, we present some concluding remarks.

Graphic 1: Model of the interaction between job quality, innovation and work organization practices4 .

What links job quality, work organization practices, and innovation?

Economic research does not directly tackle the issue of the relationship between innovation and job quality. However, as noted in our introduction, we can identify in different approaches some hypotheses that offer references and guidelines for our empirical approach. Neoclassical studies provide a limited framework on qualitative aspects at the employee level. The multilevel, multidimensional, and special nature of innovation5 lead us to mainly build our study on neo-institutionalist works. Additionally, qualitative measures of employment and work emerge within the institutionalist approach (Bustillo et al. 2010) and, more recently, within the economics of happiness [START_REF] Cirillo | The Shaping of Skills:Wages, Education, Innovation, Working Paper[END_REF]; therefore, we have to introduce our literature review with a brief presentation on the corpus of this topic.

Innovation interacts through complex mechanisms [START_REF] Winter | An Evolutionary Theory of Economic Change[END_REF]. For this reason, to facilitate understanding, we have to distinguish approaches that tend to rely on job quality in respect to innovation as an input or as an output and focus on the first case.

a. Job quality concept

Our research strategy aims to better understand the interactions between innovation and employment. From this perspective, we can derive some hypotheses from the literature on these fields. The issue of job quality is somewhat recent and, since the end of the 1990s, has become a major concern in the social sciences. At the initiative of the International Labor Organization (ILO) and the EC, this issue was proposed through the notion of "decent work" [START_REF] Guergoat-Larivière | Définition et Mesure de La Qualité de L'emploi: Une Illustration Au Prisme Des Comparaisons Européennes[END_REF]. However, this concept of job quality encompasses a large variety of research fields; its definition is wide and variable among scholars. Some focus on working conditions, while others focus on employment quality or working environment, etc. This concept is multidimensional, and many different methodologies are used. For this reason, in our study, we focus on one main empirical reference, which focuses mainly on the individual characteristics of workers.

The seminal research of Bustillo et al. (2010) restricts the methodology to a narrower definition of experienced job quality, and they deviate from taking into account the institutional setting of the labor market. Their empirical framework is grounded in the European Working Conditions Survey (EWCS), which is an employee-level survey, and they retain five dimensions: pay, the intrinsic quality of work (autonomy and skills), employment quality (contract quality and opportunities), workplace risks, and working time and work-life balance. This perspective is work experience based, and it leaves out institutional aspects of job quality that are included in some European definitions. Unlike an institutionally oriented framework, such as the seminal analysis of [START_REF] Davoine | Evaluer La Qualité de I'emploi: Les Indicateurs de La Stratégie Européenne Pour I'emploi et Au-Delà[END_REF], it contains some additional aspects of job quality, for instance, autonomy and skills or learning practices. The European Foundation for the Improvement of Living and Working Conditions (Eurofound) provides a similar methodology (Eurofound, 2012a.) To better identify the differences between approaches, we present some seminal studies on job quality in Table 2.1 (appendices). The job quality methodology presented here is based on a multidimensional view that allows scholars to make connections with other fields of research, such as education, employment policy, inequality, and, clearly, technological change. By comparison, it represents a major difference from firm or employment models, where all working conditions are synthesized by wage in a principal-agent case with compensation mechanisms [START_REF] Jensen | Theory of the Firm: Managerial Behavior, Agency Costs and Ownership Structure[END_REF]). However, some recent studies [START_REF] Cirillo | The Shaping of Skills:Wages, Education, Innovation, Working Paper[END_REF][START_REF] Clark | What Makes a Good Job? Job Quality and Job Satisfaction[END_REF] have developed the concept of job satisfaction within the field of the economics of happiness. Starting from the tools of job quality, these studies try to measure an employee's level of satisfaction with a job and, thus, to relate an objective measure of job quality to a certain level of satisfaction to make policy recommendations. On paper, this methodology is convincing since it offers a direct measure of the final goal (satisfaction) and is not a proxy, as are job quality or wage measures. However, great difficulties at the empirical level emerge, such as the weak degree of comparability, the weak interpretability of the theoretical mechanism and its difficulty for use in terms of public policy [START_REF] Guergoat-Larivière | Définition et Mesure de La Qualité de L'emploi: Une Illustration Au Prisme Des Comparaisons Européennes[END_REF]. Moreover, regardless of the satisfaction of workers due to new technology adoption, objectively identifying the changes in working conditions for workers induced by new technology is central.

b. Does innovation lead to better job quality?

The standard innovation models based on the firm-employee model does not explicitly focus on the innovation impact on job quality, even in new endogenous growth models [START_REF] Aghion | Endogenous Growth Theory[END_REF]; this issue is the core of analysis. A major reason, which is somewhat obvious, for this lack of focus is the use of a firm-level model without work quality parameters. However, agency theory coupled with the direct and positive impact of innovation on productivity tends to assume that innovation at the firm level increases wages. This innovation rent redistribution effect is the main argument of neoclassical economics supporting the positive effect of innovation on job quality.

Most empirical research on the links between employment and innovation focuses on employment variation and aims to evaluate the net employment effect of innovation. This strategy is first confronted with a problem stemming from the strong differentiated effect among the analysis levels chosen. The net effect comes from two decomposed effects: the labor-saving effect, resulting from productivity gains (mainly resulting from process innovation), and compensation effects, such as new demand via a decrease in prices, an increase in investments, an increase in incomes or new products from innovation [START_REF] Vivarelli | Innovation, Employment and Skills in Advanced and Developing Countries: A Survey of Economic Literature[END_REF]. These empirical studies lead to different conclusions, but the majority of studies point out a positive net effect of product innovation on the level of employment and a neutral net effect of process innovation (Van Reenan et al., 1997;[START_REF] Piva | Innovation and Employment: Evidence from Italian Microdata[END_REF][START_REF] Harrison | Does Innovation Stimulate Employment? A Firm-Level Analysis Using Comparable Micro-Data from Four European Countries[END_REF][START_REF] Van Roy | Innovation and Employment in Patenting Firms: Empirical Evidence from Europe, IZA Discussion Paper[END_REF][START_REF] Piva | Is R&D Good for Employment? Microeconometric Evidence from the EU[END_REF]. However, these effects decrease when the level of analysis grows (industry and country level). At the macro level (or country level), the effect is more ambiguous, and even if the literature seems to show a positive effect [START_REF] Vivarelli | Innovation, Employment and Skills in Advanced and Developing Countries: A Survey of Economic Literature[END_REF], one can argue that under a free trade regime, this positive impact could be compensated by negative externalities in other countries, as shown at the industry level. [START_REF] Ugur | Technological Innovation and Employment in Derived Labour Demand Models: A Hierarchical Meta-Regression Analysis[END_REF] present a meta-analysis of studies on the links between employment and technological change. They conclude that even if product and process innovations seem to lead to increasing employment and, in particular, skilled labor demand, the empirical measure of this effect is smaller than is frequently claimed due to overlooked selection bias. Moreover, they shed light on very heterogeneous results due to the complex measures of innovation (R&D, information and communication technology (ICT) investment, patents, self-reported innovation, etc.). Beyond the limits resulting from the aggregation of employment, these studies focus mainly on employment variation and not on the impact of innovation on change in work characteristics.

However, a different and related question emerges; from a job quality perspective, we should concentrate analysis on the transformation of the features of new and remaining jobs rather than on the net effect of creation or destruction. If we reject the neutral effect of productivity gains, namely, a homogenous reduction of workers over occupations, two questions emerge: what are the characteristics of the new jobs created compared to the jobs destroyed? Do we observe task transformations inside the same professions? The first question finds several answers in the empirical literature as well as theoretical research on endogenous growth. In the long run, development (capital accumulation) tends to re-affect employment from capital-intensive professions to labor-intensive professions.

More recently, several scholars [START_REF] Askenazy | The Impact of Technological and Organizational Changes on Labor Flows[END_REF][START_REF] Autor | Why Are There Still So Many Jobs? The History and Future of Workplace Automation[END_REF] have been focusing more specifically on the transformation of tasks from technological change and, in particular, new ICT adoption. They try to show a differentiated effect among workers; for instance, some of them attempt to observe a differentiated impact among skills, occupations and even tasks. They assume that beyond a global effect of innovation, there is a structural impact of innovation, which raises other issues such as inequality, lifelong training, or social protection. This thesis is based on empirical studies that show that the labor-saving effect from innovation is not homogenously distributed among workers. The skilledbiased technological change (SBTC) hypothesis argues that unskilled workers undergo labor saving in favor of more highly skilled workers (Author, 2015). If this mechanism is combined with a weak training capacity, it tends to reduce the compensation effect at the macro level and induces a rise in unemployment.

In a similar vein, another hypothesis emphasizes instead a polarization effect in the degree of routinization in jobs, which is different from skills, because jobs with weak routinization are present in all occupations, especially in elementary and weakly capitalistic tasks as well as in highly skilled tasks [START_REF] Askenazy | The Impact of Technological and Organizational Changes on Labor Flows[END_REF]OECD, 2010;Author, 2015;[START_REF] Fernández-Macías | Routine-Biased Technical Change and Job Polarization in Europe[END_REF]. This literature proposes different issues and focuses on more qualitative aspects, such as the degree of skill or routine. Nonetheless, biased technological changes (SBTC or routine-biased technological change (RBTC)) focus only on employment variation. Routine tasks are progressively substituted by automation, and less routinized tasks are concentrated inside jobs. Simultaneously, the same holds true for high-skilled job (such as learning activities) and low-skilled job, which are in complementarity with digital platform technology. As pointed out by the ILO report (2016) about the growth of nonstandard jobs in developed economies, the impact of technological change can also be associated with bad job quality involving poor contracts and strong intensity.

A second set of empirical studies, in the neo-institutional framework, focuses less on the direct impacts of innovation than on the suitable firm environment for innovation. Through their contribution to the national system of innovation (NSI) concept, [START_REF] Lundvall | The Learning Economy[END_REF] show the interaction of innovation and learning practices at the workplace and, thus, beyond the training and academic fields. In an empirical study, [START_REF] Lorenz | Accounting for Creativity in the European Union: A Multi-Level Analysis of Individual Competence, Labour Market Structure, and Systems of Education and Training[END_REF] support the fact that innovation requires a creative work organization with learning practices and some autonomy. We find similar approaches in the fields of routine theory or neo-Schumpeterian research [START_REF] Becker | Applying Organizational Routines in Understanding Organizational Change[END_REF], where routine adaptation and the work organization should encourage and foster innovation and technological change. Finally, without claiming to be exhaustive, we can underline within management sciences new forms of human resource management (HRM) that support innovative behavior. To go further and linked this literature with the previous one, some studies present similar analysis about the links of innovation and work, in a broad scope of economics, and go beyond like management sciences. In management science the concept of High Performance Work System (HPWS) stemming from Human resource management, confirms the link between new technology and new HRM. HPWS has several benefit for employees, they are better taken into consideration, because the main goal is to achieve higher performance by a better involvement, motivation and also job satisfaction [START_REF] Guest | Human Resource Management and Performance: A Review and Research Agenda[END_REF]Laursen and Fauss, 2003;Boxal and Macky, 2009). More recently, the Eurofound (2017) has synthesized the hypotheses from the work organization literature with those from management sciences, which are more focused on case studies and HRM practices. They show how workplace organizations and practices could influence innovation beyond performance. This second set of empirical studies is closer to providing some qualitative analysis of the interactions between workplace practices and a ripe environment for innovation. To summarize the central findings, work organization practices lead to different links with innovation. Involvement and autonomy practices tend to improve the firm's capacity to better react to environmental changes and to innovate, and thus, they increase the probability of innovation adoption. In the case of learning practices, it is instead the efficiency of innovation adoption, which is improved, that thus induces a better innovation absorptive capacity of innovation. Some recent empirical studies confirm the positive impact of some work organization practices on innovation, in addition to the known positive effect on performance (Eurofound, 2013;Eurofound 2017). However, this research neglects the transformative effect of technological change on employment and omits the issue of polarization and the upgraded skill effect on the workforce. Thus, to better understand the complex interactions that come from innovation in the workplace on work practices and employment, we decide to use a triptych, adding the job quality framework to work organization practice and innovation analysis.

Finally, empirical studies that directly relate innovation and job quality, including some recent studies such as [START_REF] Bustillo | Innovation and Job Quality. An Initial Exploration[END_REF][START_REF] Bustillo | An Approximation of Job Quality and Innovation Using the 3rd European Company Survey[END_REF] and Erhel and Guergoat-Larivière (2016), show, on the whole, a positive link between job quality and innovation at the country, industry and employee level. Erhel and Guergoat-Larivière demonstrate the complementarities between good labor institutions and an efficient innovation system at the country level, represented by Nordic countries. Bustillo et al., for their part, use the EWCS and show a positive link between their job quality index and innovation. Their methodology is particularly interesting because it is the first analysis at the employee level; however, they do not refer empirically to the work organization framework. One issue of our study is thus to extend these studies at the employee level and to introduce in empirical analysis broad work dimensions, such as work organization practices.

c. A combined view of employment concepts

To summarize this section, we can argue that the link between innovation and employment is not linear and clearly identified. It appears that an important part of scholarly research focuses, on the one hand, on work organization practices, learning activities and innovation capabilities (routine change, the learning organization, high-performance work system (HPWS), workplace innovation, intrapreneurship) from a knowledge economy perspective. On the other hand, employment is related to innovation mainly in terms of employment variation or social regulations on employment. Thus, there are few insights into the work practice transformations in the workplace induced by the innovation diffusion and adoption related to work organization practices.

The originality of our empirical work stems from the fact that it interrelates these different streams of literature in a mediating model that is directly derived from our introductive scheme (Scheme 1). We focus explicitly on the observed links between technology adoption and uses and work organization practices at the employee level (despite the difficulty of controlling the direction of causality). In addition, we thus show how these interrelations could impact individual performance in terms of job quality. A direct analysis at the employee level allows us to observe not only what the dominant effect of innovation at workplace is but also whether there are different mechanisms or differentiated effects. Few empirical studies have focused on innovation at the employee level, unlike studies on the firm level and employment variation, which argue for a positive impact of innovation. Before designing an innovation policy, policy makers have to consider the benefit not only for the firm and for the level of employment but also for employee well-being. Our study offers an opportunity to complete the vision of this picture.

Data and methodology a. Data and variables

For our econometric analysis, we use the dataset of the EWCS, which is conducted by the Eurofound. The data from this survey were collected from European employees in all industries and sectors. We use the fifth wave of the survey conducted in 2010 in all European Union (EU) countries and six neighbor countries (Norway, Macedonia, Turkey, Albania, Kosovo and Montenegro). This survey covers wide aspects of working conditions such as the physical environment, social relationships, and the work organization, and therefore, it corresponds to our research perspective. This survey has the advantage of encompassing broad dimensions of working conditions while simultaneously providing some variables on new technology adoption; it is a major reference for job quality empirical analysis in Europe. However, the major limitation of the EWCS comes from the crosssectional data, which do not allow us to carry out a robust econometric analysis with causality. In contrast, the high number of individuals in the EWCS (36,457 observations) offers a perspective for analyzing the relevant interdependencies. Another argument for the use of this survey comes from its frequent use by scholars. For instance, [START_REF] Holm | Organizational Learning and Systems of Labor Market Regulation in Europe[END_REF] use it to capture different work organization patterns, as do Bustillo et al. (2010) to measure job quality empirically. However, this survey, which is very rich in regard to employment questions, provides only two questions related to change and innovation. The first that we can associate with being faced with product or process innovation is "During the last 3 years, have new processes or technologies been introduced at your current workplace that affected your immediate working environment?" (Question 15a). The second is "During the last 3 years, has substantial restructuring or reorganization been carried out at your current workplace that affected your immediate working environment?" (Question 15b), which corresponds to organizational innovation but could be associated instead with organizational change. We should thus note that the first question is a more explicit and narrow measure of innovation than the second, which can encompass very different changes. However, one of the major advantage of these questions comes from the direct relation to the workplace; this relation allows us to measure innovation experienced conversely to measures of firm-level innovation, which can induce very different effects among types of employees in the firm.

In summary, this survey has important qualities that enable us to obtain rich information about working conditions and work organization practices and to have some measure of workplace innovation. Nonetheless, this dataset raises other issues: first, it is built cross-sectionally without the possibility of matching individuals with the previous waves of the survey. It tends to have information from workers at the same time; thus, it is impossible to deduce causality between variables with certainty. This problem is stressed by the nature of the phenomena observed, which are interrelated, as we observed in the literature review (innovation can cause better or worse working conditions; however, some work organization practices can also improve the level or the occurrence of innovation). However, questions 15a and 15b are the only questions in the survey that refer to a past period; thus, we can assume that these changed occurred before the situations reported by other questions.

Second, regarding our research fields, the survey is unbalanced; employment dimensions are predominant, and innovation is measured by just two questions. As we pointed out at the beginning of the article, the limited amount of previous studies explicitly on the link between qualitative aspects of work and innovation dynamics may explain the weakness of survey's mixing the two. An alternative survey, the Company Innovation Survey (CIS), dedicated to firms' innovation behaviors, yields almost nothing about employment practices and working conditions. Additionally, the European Company Survey appears to be a good tradeoff, but the survey is more focused on work organizations and less on job quality aspects. Further, there is no information directly reported by employees. Our empirical strategy is thus constrained by the availability of data that are dedicated to our research questions.

The dataset enables us to implement our empirical strategy, to study the impact of new technology adoption on working conditions at the employee level, and to infer the positive combination of innovation and job quality. From this perspective, we present indicators and variables that measure our different dimensions of the intrinsic quality of jobs, the work organization practices and innovation diffusion. Most of these variables are constructed by combining several raw variables (employees' answers from the survey). The dataset also provides very good control variables based on employee attributes such age, gender, industries, occupations and countries.

For our analysis, we have employees from 28 European countries; we keep only 27 EU countries -the 28 EU countries less Croatia, as was the case in 2010 -and Norway (because this country is very close in its institutional settings). The dataset is large since it contains 36,457 observations that offer a real robustness to our analysis, but we have to stress that observations by country do not represent their population weight in the whole. Indeed, France, Belgium, Germany and Italy have larger sample sizes than the other countries6 .

Based on these observations, we build synthetic indices at the employee level to capture different dimensions of job quality and work organization practices; all our indicators are based on the research of Bustillo et al. (2010) and Eurofound (2012a) methodologies and are inspired by [START_REF] Holm | Organizational Learning and Systems of Labor Market Regulation in Europe[END_REF]. Additionally, we can use different variables that deal with innovation diffusion, but clearly, the survey is relatively limited from that perspective. The Oslo Manual (2005), which is the reference for innovation measures and indices, identifies not only different forms of innovation (process, product, organization and marketing) and different degrees of novelty (new to the firm, new to the market, or new to the world) but also different degrees of intensity (by combining different variables, such as the impact of innovation inside the firm).

The EWCS does not enable us to have precise measures of innovation; in addition, the measure of innovation is not at the firm level but at the employee level and focuses either on new technology (product or process) introduced into workplace or on organizational change (without direct mention of innovation). These measures directly come from questions in the survey (q15a and q15b) as dummy variables, as presented above. Thus, the first measure is the better innovation variable; thus, we retain it as our reference variable for innovation. It is a measure of diffusion of new technology by adoption in the workplace, and it simultaneously encompasses different degrees of novelty and different levels of innovation intensity. To distinguish different forms of innovation, we also use an ICT measure (as frequently used, [START_REF] Ugur | Technological Innovation and Employment in Derived Labour Demand Models: A Hierarchical Meta-Regression Analysis[END_REF]. Another way of confronting the imprecision of our innovation variable is to use a combination of variables; in that respect, we also use two innovative control variables to refine the scope of our innovation measure (ICT use and new technology adoption; new technology adoption and organizational change). As Table 3.1, we also created an index of digital technology use as a proxy for a specific form of technology adoption.

Table 3.1: Summary of the variables constructed using the EWCS

The second set of variables focuses on work organization practices, with four indices; three encompass the learning organization methodology (based on the routine and learning organization concepts), and one encompasses instead the degree of work organization constraint (a measure of more classical HRM and work organization presence in the workplace). In some studies, work organization practices are part of the job quality dimension; here, to test our hypothesis on the interactions among three sets of dimensions, we explicitly separate the work organization practices indices from the job quality indices.

It is important to note that the variables for work organization practices are not exhaustive; they explicitly focus on the concepts that we have presented above in the literature review. Clearly, the boundaries between other job quality dimensions and these work organization measures are porous; thus, we intentionally accentuate the distinction to easily test our hypothesis.

The first dimension, involvement practices, is based on the literature on new forms of HRM. As we have seen above, some aspects of the learning organization and the HPWS should facilitate innovation by making it possible to take the initiative and to react easily to external shocks. However, as we will see below, the relation between innovation and involvement is difficult to restrain to only one direction; thus, we can assume that the link is more like an interrelation. This index contains variables about the capacity of employees to take the initiative or to react to external shocks.

The second dimension contains variables on learning practices; the expected effects of these organizational forms are less reactive to the environment but have better efficiency to absorb new technology. Learning practices are also a way to use internal more than external flexibility when a new technology is adopted in the workplace. We can assume that in the case of frequent innovations, a firm will foster these practices to improve innovation performance. Our dimension contains variables based on both on the tasks that are experienced in a job (such as problem solving or task complexity) and more formal practices such as training.

The third dimension seems close to the first but refers more to the autonomy of workers and the flexibility in working time. It is an interesting dimension that we decide to separate because the literature relates these aspects to better work performance but not explicitly to innovation capacity. Indeed, autonomy without involvement probably brings less pressure but does not necessarily lead to a better innovation process.

For this reason, we also decide to have a dimension that measures the degree of interrelations in tasks in a large sense. Simultaneously, this fourth dimension is based on not only hierarchical constraints but also horizontal constraints; thus, it is a measure of the degree of the deepening division of tasks.

The third set of variables provides six indices on job quality that are directly based on the methodology of Bustillo et al. (2010 and[START_REF] Vivarelli | Innovation, Employment and Skills in Advanced and Developing Countries: A Survey of Economic Literature[END_REF] and the Eurofound methodology (report Trends in job quality in Europe, 2012). Table 3.1 presents the questions from the 5 th EWCS, which was used to build our aggregate index. In each case, the questions are transformed into dummy variables, except for those concerning working time and intensity, for which we transformed the questions into a continuous index from 0 to 1. The aggregate indices are an arithmetic mean of all dummies (or indices) and vary between 0 and 1. The dimensions selected for job quality overlap with dimensions existing in the literature and the main dimensions revealed in [START_REF] Guergoat-Larivière | Définition et Mesure de La Qualité de L'emploi: Une Illustration Au Prisme Des Comparaisons Européennes[END_REF]. The job quality indices are very close to the methodologies used by scholars in the field of job quality that we presented above. Unlike typical methodologies, here, we extracted all variables of the learning and autonomy dimension from our job quality dimension to clearly isolate the two concepts. The first two indices (pay and employment stability) are focused on contract quality; they are also the two closest to traditional measures of job quality. The third index on working time quality also involves a common measure since it contains nonstandard working time and offers a measure of the issue of increasing nonstandard labor. Thus, workplace risks, work pressure and the social environment are dimensions that are based more on the working environment and working conditions in the workplace, and we can assume that the variability of these variables will be more related to idiosyncratic aspects of the workplace. Finally, we built an index on subjective aspects to check the frequent hypothesis from the literature supporting a positive impact on motivation from the HPWS. Some recent studies show the links and the complementarities between objective and subjective measures of job quality [START_REF] Clark | What Makes a Good Job? Job Quality and Job Satisfaction[END_REF]. Thus, by comparison, we want to stress a potential psychological effect that could induce innovation in the workplace.

b. Descriptive statistics and robustness

Although it has been used by previous analyses, the weakness of our data strategy could hinge on an ex post definition of indices that could be conceptually but not empirically relevant to our dataset. To deal with this issue, we assess the consistency of these variables with some descriptive statistics. For example (see Tables 3.2 and 3.3 in the appendices), the workplace risks dimension is two times higher for lowskilled occupation (groups 6 to 9, ISCO 0-8) than it is for high-skilled occupations. The same applies for involvement, autonomy, learning practices, pay and contract quality, for which we observe lower scores, on average, when we move closer to the low-skilled occupations. Moreover, some expected exceptions improve the relevance of the indices. For instance, autonomy is particularly high for group 6 (agricultural workers), and simultaneously, these workers have a lower level of pay and contract quality. The other dimensions are less occupation oriented, as the intergroup standard deviation shows.

For instance, the social environment, working time quality and work pressure dimensions have the three weakest intergroups standard deviations of all the dimensions.

Focusing on correlations (Table 3.4), we also find expected links between our dimensions. Each set of variables presents the expected correlations. Work organization practices show that the first three indices are strongly correlated, suggesting that these practices are often implemented as an overall policy.

Regarding job quality, we observe that good contractual quality leads to better working conditions except in terms of work pressure, which, on average, slightly increases with employment quality. It is also in line with the literature on job quality; the job quality dimensions reinforce each other, in opposition to wage compensation theory. Finally, our three measures of innovation are positively and significantly related. If the literature clearly stresses the empirical and theoretical links between organizational change and new technology adoption [START_REF] Lam | Organizational Innovation[END_REF], then the positive link between new technology adoption and ICT use shows that our innovation variable encompasses ICT innovation to some extent.

Some descriptive statistics about our innovation indices can allow us to better understand the relevance of our innovation variables. The Oslo Manual provides an empirical distinction to measure the different realities of the phenomenon, such as horizontal differences with products (which could be divided into goods and services in some cases) and process, organizational, and marketing innovations. However, as we see below, we cannot have the same level of distinction with the EWCS; however, we can estimate the relevance with a traditional innovation measure at the macro level. The traditional measures of innovation come not only from the CIS conducted by the EC based on the Oslo Manual methodology but also from R&D or innovation expenses as an input or the rate of patents as an output. Finally, the Innovation Union Scoreboard (IUS) methodology ( 2015), established by the EC, aims to measure a complete institutional set of innovation in a multidimensional manner and to provide a synthetic index titled the Summary Innovation Index (SII). The IUS, with the OECD equivalent report (the Science, Technology, and Industry Outlook), is considered a major reference in empirical measures of innovation at the country level.

Thus, with the aim of testing the measure of our EWCS innovation indices, we use a macro-level comparative correlation between these recognized innovation measures and our variables. At a second point in time, we use categorical (occupation and industry) analysis within EWCS to characterize our variables.

Table 3.5 shows a positive and relatively strong correlation between the EWCS variables of innovation and the SII, but this correlation is lower for our organizational change variables than for our technological change variables. For the latter, we find a lower level of correlation, though positive, with R&D expenses or declarative innovation (from the CIS) and the same relation. For the former, we find a lower correlation with the technological innovation variables and no correlation with the organizational innovation variable from the CIS. However, this variable is strongly correlated with new technological change, and the formulation of the question is vague and does not refer explicitly to innovation. We thus decide to focus mainly on new processes or technologies introduced and use organizational change instead as a control variable. With the poor information on innovation in the EWCS, we manage to obtain different types of innovation in combination with not only ICT use and organizational change but also work organization practices. Such variables do not measure radical versus incremental innovation or the production versus the diffusion (or adoption) of innovation; however, we can observe the impact of new technologies on the workplace environment in different cases.

To narrow the analysis, we focus now on the distribution of our change variables among occupations and industries (Tables 3.6 and 3.7). First, the new technology occurred mainly for high-skilled workers (managers, professionals, and technicians) but also for clerical support, trade and manufacturing workers. Organizational changes such as ICT use are more frequent for high-and middle-skilled occupations, unlike new technology adoption, which is also quite high for blue-collar workers. On the industry side, most innovation adoptions occur in the manufacturing industry; however, some also occur in some service industries such as information and communication as well as financial and insurance industries, in addition to public administration, education or human health and social work. This finding confirms the large scope of this variable, which is not limited to innovation production but, rather, extends to innovation diffusion.

Finally, observing the scores of our dimensions (not only job quality but work organization practices) by innovation variables, we obtain some insights into the relation, despite not controlling for causality. We can distinguish two different types of variables: those that vary according to the innovation variables and those that do not. The social environment, workplace risks (except in the case of ICT use), and working time do not depend on our innovation variables. These work dimensions do not seem to be associated with new technology adoption or new organization practices in the workplace. In contrast, employment stability, pay, work pressure and all our work organization dimensions (learning, autonomy, involvement, and task division) seem to be positively associated with innovation adoption. These relations are also confirmed by our correlation table (see Table 3.4 in the appendices). However, this first descriptive analysis does not take into account the structural differences between employees, nor does it take into account the other variables that could simultaneously be impacted by innovation and impact the job quality dimensions (for instance, occupation). Our model could support the idea that work organization practices adapted to innovation could be the explanation of the better job quality performance rather than a direct effect of innovation diffusion on job quality. 

c. Empirical strategy

Our empirical strategy should play a clarifying role in providing a better overview of the relationship among new technology adoption in the work environment, work organization practices and working conditions. In this respect, we test the relation between our different dimensions of job quality and work organization practices and our variables of innovation through a multivariate linear model. Beyond the effect on workforce variation due to innovation that has been very well documented by scholars, we aim to investigate the working conditions and the environment of workers who are confronted with new technology and some work organization practices compared to other workers.

Our hypotheses are based on the following findings (for more details, see the first and second sections):

-Some work organization practices (learning practices, HPWS, employee involvement, etc.) tend increase performance including both the innovative absorption capacity and job quality (except for intensity and pressure, which could decrease). -Thus, innovation could be associated with better jobs without being the direct cause, which should instead be work organization practices. -However, the neoclassical view supports the idea of a positive effect on wages when firms increase their profit rate, for instance, by innovating (the bargaining model). -Finally, from the SBTC or the RBTC perspective, innovation could also tend to concentrate less-skilled tasks or more routinized tasks in some jobs, and then influence job quality. These effects of inequality are observed in employment variation analysis, but they could also be observed at the employee level after new technology adoption.

In the first step of our econometric analysis, we combine our innovation measure with the work organization practice variables to identify the relationships with job quality. To analyze inequalities in the effects of innovation, we perform econometric regressions on subsamples by occupation and by the degree of task routinization 8 ; to do so, we use the routine task intensity (RTI) index developed by Author and Dorn (2013) 9 . We report only the second set of regressions because the routine subsample brings more insights than the occupation subsample 10 .

We use our main innovation variable, presented in Table 3.1, as the explanatory variable of job quality.

For each dimension of job quality, we conduct three regressions. The first contains only our innovation variables and structural control variables. In the second set of regressions, we add the two complementary innovation variables and all our work organization practice variables. In the last set of regressions, we add the interactions terms between the work organization practice variables and innovation. Compared to the first set, the second set aims to differentiate the own effects of new technology adoption from the effects of work organization practices, which are often related, on job quality outcomes. The third set of regressions tries to identify the specific effect from the way in which innovation is implemented. By combining the innovation variables with other practices, we can more clearly identify the differentiated innovation impact according to the work organization practices associated.

Even if the variable of innovation adoption refers to the three previous years, we are not really able to provide a causality analysis because the database is built cross-sectionally. Instead, we perform a controlled correlation analysis between new technology adoption and our variables of work organization practices with job quality. Multivariate regressions are run with the ordinary least squares (OLS) method (performed by maximum likelihood). In all our regressions, we control not only by countries and industries but also by occupations, firm size, gender and age.

8 We decide to report analysis on the routine concept because scholars have pointed out the relevance of this concept to identify different effects of technological change in the workplace. This work experience appears richer for our research question than the skill level of occupations, but we also conducted the same analysis based on this latter category. These results are reported in the appendices and are available upon request (we use three different groups, high-skilled employees (ISCO 1-4), middle-skilled employees (ISCO 5 and 6) and low-skilled employees (ISCO 7-10)). 9 This RTI index is built by Author and Dorn (2013) based on the average observed tasks experienced in each occupation. In the appendices, we report the occupations contained in the three categories that we used. 10 The results are available upon request.

Model (OLS)

First model: 

𝑌𝑌 𝑖𝑖 = 𝛽𝛽 0 +

Results

Our regression focuses on the job quality dimensions and job satisfaction as dependent variables (Table 4.1 below 11 ). The main explanatory variable is new technology adoption in the workplace 12 , but in the second and the third set of regressions, we add work organization practices and innovation complementary variables as complementary explanatory variables. The main interest of this empirical strategy is to better estimate the direct effect of innovation on job quality. Since previous empirical research stressed the strong positive effects of some work organization practices (HPWS) on job performance and job quality, it is important to distinguish the effect of innovation and the effect of work organization practices related to the innovation strategy. In a similar vein, we conducted three sets of regressions: one without controlling for work organization practices, a second with these variables, and a third with interactions terms.

First, without controlling for work organization practices, we find results that are in line with those of previous studies. Innovation in the workplace is associated with better employment conditions (better pay and more contractual stability); simultaneously, however, the work requires more investment on the employee side. On average, new technology adoption leads to more pressure, more risks and weaker working time quality at work. This ambivalent first effect supports the well-known concept of wage compensation: jobs are more demanding, and consequently, the employer has to offer better contractual conditions. However, innovation also seems related to better job satisfaction and a better social environment. This observation could be linked with the motivating dimension of the innovative workplace. Indeed, as frequently pointed out 13 , an innovative environment can be viewed by some employees as a source of motivation. For instance, this effect is particularly relevant in the case of startups.

However, these effects from our broad innovation variable probably encompass very different realities of innovation. As seen at the beginning of the article, innovation may be accompanied by different

11 Table 4.1 present the regression without the controls for the characteristics. The full table is in the appendices (Table 4.5).

12 Note that the question refers to new technology adoption in the workplace that impacts employee work.

13 A rich literature on workplace innovation stresses the link between an innovation environment and employees' motivation and well-being [START_REF] Fu | How Do High Performance Work Systems Influence Organizational Innovation in Professional Service Firms?[END_REF]Eurofound 2013).

organizational practices. To refine these preliminary results, we add innovation variables and work organization variables as controls in our model.

In our second set of regression, the first interesting result comes from the possible indirect effect from new technology adoption. When our explanatory variable is controlled by work organization practices, it has a weaker effect on job quality, but this effect remains significant expect for the social environment dimension of job quality. Regarding work organization practices, we find the traditional and well-known positive relationship with job quality. Involvement, autonomy and flexibility as well as learning practices improve all job quality dimensions and job satisfaction. As the literature on work organization practices (OECD, 2013;Eurofound, 2013;[START_REF] Fu | How Do High Performance Work Systems Influence Organizational Innovation in Professional Service Firms?[END_REF] points out, these practices could be presented as a means to counterbalance the negative effect of the in-depth degree of task division. In our regression, a stronger division of tasks is instead associated with lower job quality dimensions.

Moreover, we observe negative impacts or no effects from our variable of reorganization14 on all dimensions of job quality (no effect on the contractual dimension, pay and employment). The social environment, quality of working time, pressure at work and job satisfaction seem to deteriorate when reorganization occurs. These observations are quite difficult to interpret, but the literature on organizational change [START_REF] Lam | Organizational Innovation[END_REF] underlines different strategies according to the status of the innovator; in cases where new technology adoption seeks to increase cost-efficiency, organizational restructuration is more binding for the employee (efficiency's goals) than in cases of new technology production, where new organizational practices aim to increase the innovativeness of employees (creativity's goals). We could assume that, here, we capture the first effect.

Otherwise, ICT use has a somewhat positive effect on employees in terms of not only pay and employment stability but also the working condition dimensions except work pressure. Indeed, the use of new ICT seems to be associated with more pressure at work, which could be explained by the fact that it creates a constant link with colleagues and the capacity to work at a distance, which could lead to more pressure in terms of deadlines. In a similar vein, we could think about the effects of digital platforms leading to more control for workers.

Finally, in the last set of regressions, we try to refine our measure of innovation by combining it with work organization practices; we aim to obtain measures of different types of implemented innovation. This third model confirms that our innovation variable covers different realities: indeed, it remains significant only for pay, workplace risks and work pressure. The general effect of innovation seems to confirm the existence of a compensation effect. However, for the other dimensions (except the social environment), we find specific effects from our combined variables. Thus, in a context of innovation, employment stability is reinforced in the case of learning practices. Autonomy is also a key element for reducing risks in the workplace when innovation occurs. Beyond the own positive effects from work organization learning practices, these results confirm that they are a precondition to improve job quality when innovation is introduced.

The use of ICT practices combined with innovation is negatively related to employment stability and pay as well as job satisfaction. This last effect was not an explicit hypothesis of our study but, rather, is in line with the view of the new digital transformation. New ICT aims to reduces complex tasks and standardized work. Being confronted with new technology when we mainly use ICT tends to reduce the relative value of skilled labor compared to "software skills" [START_REF] Acemoglu | The Race Between Machine and Man: Implications of Technology for Growth, Factor Shares and Employment[END_REF][START_REF] Frey | The Future of Employment: How Susceptible Are Jobs to Computerisation?[END_REF]. In this regard, it has been pointed out that new digital technologies are the main driver of employment variation by a deep reorganization of the value chain.

Overall, these results confirm the ambiguous effects, both positive and negative, that innovation may have on employees and their jobs, but two effects certainly do not appear for each employee. For instance, we can assume the following interpretation. In cases where innovation is the main driver of a firm's activity, its implementation will probably be accompanied by learning practices and autonomy and flexibility to allow employees to be able to efficiently adapt to this innovation. In this case, employees will thus benefit from better stability, better pay and fewer risks at work. In contrast, in cases process or standardized innovation, driven by the competitiveness goal (cost reduction by a new software or information system), employees may obtain better pay but have higher risks and more pressure. However, this interpretation, coming from our preliminary results, must be approached with caution. First, our empirical analysis does not provide causality but correlation, and second, innovation, as defined in this paper, is a broad concept that includes very different realities, such as radical innovation close to the technology frontier and more incremental (or adoption) innovation processes with a goal of cost reduction.

In terms of control variables, the usual relationships are observed. Job quality is, on average, higher in larger firms and for high-skilled workers with a high level of education. The agricultural sector is characterized by lower job quality, and the manufacturing sector is riskier and offers the lowest employment stability. Finally, as expected, the service sector is characterized by the strongest work pressure. Furthermore, our age control variables present concave effects, as frequently outlined in employment studies.

To synthesize the insights from our three sets of regressions, we could assume that the significant positive link between innovation and job quality is, in reality, strongly mediated by work organization practices such as learning, involvement and autonomy. Depending on these work organization practices, innovation could be viewed as a virtuous circle or a vicious circle. These two extreme cases are also probably related to the characteristics of jobs, such as the degree of task routinization of jobs. To extend the analysis, we conduct a regression (third model) on the subsamples by the degree of routinization. 

Regression by the RTI index

In the second part of the empirical analysis, we conduct regressions on subsamples (model 3) to identify some heterogeneity among the structures of the workforce. In this section, we want to test the main RBTC hypothesis. We divide our sample into three subsamples by the degree of task routinization16 . Table 4.3 (below) presents only the effects of the explanatory variables and work organization practices and not the controls because their effects are very similar to the previous regression.

As we could expect, we find different profiles of new technology adoption according to the degree of task routinization. In itself, new technology adoption is positively associated with pay for workers with task routinization. The negative effect on workplace risks is confirmed for all task routinization groups17 . Interestingly, in itself, innovation seems to be positively associated with job satisfaction only for workers with weak task routinization.

In addition, we find an average positive effect of our three first variables of work organization practices on the job quality dimension. More specifically, learning practices seem to have a stronger effect on highly routinized jobs, involvement seems to have stronger effects for workers with low and moderate task routinization, and autonomy and flexibility seem to be more homogeneous. In contrast, the degree of task division has a negative effect on employment stability, but we find a positive effect on the middle task routinization group in the case of pay and job stability. We can also stress the very strong links between job satisfaction and the work organization variables. An interpretation of the differences of these effects by occupations could be the relative intra-occupation variability, which differs by level of routinization. Indeed, learning practices are less frequent for highly routinized jobs; thus, the effect of these practices is more likely to be associated with specific working conditions.

Organizational change impacts all kinds of workers. It is associated with a weaker social environment and higher work pressure for jobs with low routinization. For those with moderate routinization, only the effect on the social environment remains significant, and for highly routinized jobs, organizational change also seems to induce a negative effect on workplace risks. Moreover, we can underline the strong negative effect that organizational change entails in terms of job satisfaction, as shown in the first set of regressions. Here, the negative effect is quite strong and significant for all groups of workers. We can also underline the positive effects of ICT use in terms of quality of employment (stability and pay) for highly and moderately routinized jobs and in terms of working time quality for jobs with low and moderate routinization. We also find a homogenous positive relation of ICT use and work pressure.

From this perspective, the analysis of combined effects by subgroups brings new insights. For instance, new technology adoption mainly seems to bring benefits in terms of wages for highly routinized jobs, but if this innovation process is combined with a high level of task division, then the positive effect is compensated by a negative effect. This first observation supports the phenomenon of automation. The labor-saving effects of innovation require a deep division of tasks with reorganization, which could be viewed as a way to increase the substitutability of work by technology and could thus explain the weaker wages.

In the same vein, new technology adoption coupled with learning practices is associated with better employment stability for moderately and highly routinized jobs. This observation also supports the idea of different ways to implement innovation. We also find that autonomy coupled with new technology adoption induces instead a positive effect for highly routinized jobs (employment stability) or moderately routinized jobs (workplace risks). Finally, quite surprisingly, involvement coupled with innovation seems to reduce pay and, simultaneously, improve the social environment for workers with routinization. A "startup effect" could explain this finding; highly involved employees agree to work in an innovative firm rather than in large firms and arbitrate between a high wage with fewer challenges and a low wage with better motivation.

In general, from a learning perspective, work organization practices seem instead to be a way to improve the quality of jobs for moderately and highly routinized jobs facing innovation.

The combined effects are weakly significant since the sample size is lower. However, innovation coupled with ICT remains significant in three dimensions for workers with a medium level of task routinization. The adoption of new ICT is correlated with weaker pay, weaker stability and weaker job satisfaction. Examining the features of the jobs that are in this middle category, we find precisely jobs that are confronted with digitalization. At first glance, this result could be quite surprising because routine theory predicts that the strongest negative effects of technological change will be jobs with a higher level of routinization. However, these jobs are mainly manual and face automation; in other words, they are weakly complementary to new ICT. Our results seem to point to a digitalization process where moderately routinized jobs face bad task reorganization when new technology is introduced.

Conclusions

From the perspective of improving our understanding of the global effect of innovation on employment practices, our paper focuses on the qualitative impact of innovation (new technology adoption) in the the workplace. In this respect, we discuss the different contributions of the literature regarding the link between innovation and job characteristics to formulate our hypotheses. Based on an empirical methodology, which comes from the job quality literature, and work organization practices, we try to build a new model that underlines the controlled relationships among innovation, work organization practices and job quality dimensions. As revealed above, the main limits of our work concern, on the one hand, the difficulty of conducting analyses for causality and, on the other hand, the weakness of our innovation variable. These powerful limits call for new research that is able to overcome these issues. It is also essential to call for the development of an improved database that should deeply relate employment (working conditions and work organization practices) to the innovation environment (input, output, strategy, types of innovation, etc.).

However, our study offers an empirical analysis that encompasses broad aspects of jobs and employment. It turns out that our empirical analysis emphasizes some interesting and original empirical facts. First, it confirms that innovation must be studied as a multidimensional phenomenon that is interrelated to employment institutions, working conditions and work organization practices. From this perspective, innovation diffusion seems to have heterogeneous effects according to not only the types of innovation but also the dimensions of job quality observed and the firm environment where it occurs. This finding supports the research program of complexity in studying the effect of innovation on employment (Robert and Yoguel, 2015). Second, as some scholars describe it, innovation is associated with organizational practices, especially those that stimulate involvement, autonomy and learning practices (learning organization / HPWS) as well as more traditional forms of work task division. Third, from this perspective, it seems that innovation has in its own limited effects on the job quality dimensions and even somewhat mixed effects in terms of contractual aspects. The frequent positive link stressed by previous studies could thus come from the effect of the good work organization practices associated with innovation. Fourth, we confirm the results of previous studies regarding the positive impact of the learning organization and the HPWS on the job quality dimension; simultaneously, however, but our study underlines some mixed effects. First, involvement leads to more pressure and more intensity at work, and second, task division, which leads to negative effects on job quality, is positively associated with learning practices and involvement.

Fifth, innovation has differentiated effects, depending on its characteristics; despite the limited measure of innovation in our dataset, our results support the fact that some cost reduction innovations (digitalization or automation) could have a negative effect on job quality. Our empirical model requires further studies that entail the possibility to better identify the type of innovation, based on the Oslo Manual methodology. Sixth, our study does not provide clear conclusion on the issue of technological bias among workers. We could argue that innovation is organizationally biased because we observe that a HPWS coupled with innovation leads to better jobs. The subsample regressions by the degree of task routinization also seem to support the idea of somewhat more positive effects for tasks with a low level of routinization, as opposed to highly routinized tasks, from new technology adoption. Thus, in terms of the qualitative aspects of jobs (and not creation-destruction analysis), we instead support the idea of routine-biased effects but cannot reject the existence of skilled-biased effects since high-skilled workers (creative workers) benefit more from the learning organization.

To conclude, our study brings some interesting evidence and fits well with the different views of the phenomenon of innovation in regard to employment; however, further research is necessary. Our methodology contains several limits that we presented; simultaneously, however, it allows a more complex and detailed analysis. Further work in this field must distinguish innovation diffusion and innovation production or radical innovation since it seems that these two types of innovation include different realities; similarly, innovation, measured based on ICT diffusion, especially digital platforms, could be particularly relevant. Such a distinction should make it possible to more precisely investigate the causality of the effect. Finally, the impact of innovation on work organization practices and job quality in the workplace should be articulated with the quantitative impact of innovation on employment (destruction and creation of employment) to better understand the overall effect and better respond to political and societal expectations.

APPENDICES: 

  

Table 3 .7: Scores of the job quality dimensions by the innovations variables
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		Pay	Employment stability and advancement	Workplace risks	Working time quality	Work pressure	Social environment	Learning practices	Autonomy and flexibility	Involvement	Degree of task division
	New technology	Yes 0.60 0.52	0.23	0.84	0.32	0.86	0.66	0.58	0.57	0.49
	adoption in									
	the workplace	No 0.54 0.43	0.24	0.84	0.25	0.86	0.48	0.55	0.49	0.38
		Yes 0.62 0.53	0.14	0.87	0.32	0.87	0.67	0.66	0.60	0.45
	ICT use									
		No 0.54 0.43	0.27	0.83	0.26	0.86	0.49	0.52	0.48	0.41
	New	Yes 0.60 0.52	0.23	0.84	0.33	0.86	0.64	0.57	0.56	0.50
	organization									
	practices in									
	the workplace	No 0.55 0.44	0.23	0.84	0.25	0.87	0.51	0.56	0.50	0.38

  𝛽𝛽 1 𝑋𝑋 𝑖𝑖 + 𝛽𝛽 2 𝐶𝐶 𝑖𝑖 + 𝜀𝜀 𝑖𝑖 𝑌𝑌 𝑖𝑖 = 𝛼𝛼 0 + 𝛼𝛼 1 𝑋𝑋 𝑖𝑖 + 𝛼𝛼 2 𝑍𝑍 𝑖𝑖 + 𝛼𝛼 3 𝐶𝐶 𝑖𝑖 + 𝜀𝜀 𝑖𝑖 𝑌𝑌 𝑖𝑖 = 𝜇𝜇 0 + 𝜇𝜇 1 𝑋𝑋 𝑖𝑖 + 𝜇𝜇 2 𝑍𝑍 𝑖𝑖 + 𝜇𝜇 3 𝑋𝑋 𝑖𝑖 𝑍𝑍 𝑖𝑖 + 𝜇𝜇 4 𝐶𝐶 𝑖𝑖 + 𝜀𝜀 𝑖𝑖

	Second model:
	Third model:
	where
	Yi: Job quality indices
	Xi: Innovation variable (new technology adoption)
	Zi: Work organization practices and innovation variable (only in the second regression)
	Ci: Control variables (industry, occupation, firm size, and level of education, country, gender and age
	of the employee)

Table 2 .1: Summary of key studies on job quality

 2 

				Level of
	Author	Objective	Dimensions	analysis
			-Health and working conditions	
	Guergoat-		-Earnings	
	Larivière, Marchand	Literature review	-Working times and work-life balance -Security employment and Social protection	Literature review
	(2012)		-Social dialogue and collective representation	
			-Life-long learning	
			-Socio-economic security (i.e. decent wages	
	Erhel, Davoine (2008)	Improve Laeken methodology, a new reference of quality of Jobs analysis	and secure transitions) -Skills and training -Working conditions -Ability to combine work and family life, and	National level with macro variables
			promotion of gender equality	
	OECD (2015)	Proposal of a tridimensional measure of Job quality.	-Earnings quality -Labor market security -Quality of the working environment	National level with macro variables
	de Bustillo et al. (2008)	Provide an individual measure of job quality focused of personal features	-Pay -Intrinsic quality of work -Employment quality -Workplace risks -Working time and work-life balance	Individual level with micro variables (from survey EWCS)
				Individual
		Establish a measure of job	-Earnings	level with
	Eurofound	quality backed on the	-Prospects	micro
	(2012a)	European Working	-Intrinsic job quality	variables
		Conditions Survey	-Working time quality	(from survey
				EWCS)

Table 3 .2: Average score of work dimensions by occupation
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	Occupatio ns	Pa y	Employme nt stability and advanceme nt	Workpla ce risks	Workin g time quality	Work pressur e	Social environme nt	Learnin g practice s	Autono my and flexibilit y	Involveme nt	Degre e of tasks divisio n
	Armed										
	Forces Occupation	0.6 0	0.56	0.20	0.83	0.27	0.89	0.71	0.54	0.55	0.52
	s										
	Managers	0.6 3	0.51	0.15	0.80	0.31	0.89	0.66	0.78	0.75	0.44
	Professiona ls	0.6 3	0.54	0.14	0.87	0.27	0.88	0.70	0.63	0.62	0.40

Table 3 .3: Average score of work dimensions by industry Industries Pay Employ ment stability and advance ment Workpla ce risks Worki ng time quality Work pressu re Social environm ent Learni ng practic es Autono my and flexibilit y Involvem ent
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	Degre
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	tasks
	divisi
	on

Table 3 .4: Correlation table of our indexes
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		(1)	(2)	(3)	(4)	(5)	(6)	(7)	(8)	(9)	(10) (11) (12) (13) (14)
	(1) Pay	1.000 0								

Table 3 .5: Correlation table innovation variable at country level

 3 

				Total				
		New	Numbe	amoun	Product			
	New	organizatio	r of	t of	or	Marketing		
	technolog	n and	patent	R&D	process	or	Product	Process
	y	restructurin	per	(% of	innovatio	organization	innovatio	innovatio
	adoption	g	million	GDP) SII	n (CIS)	al innovation	n	n

Table 3 .6: New technology adoption by occupations

 3 

	New technology		
	adoption	ICT use	New organization	
	Armed Forces Occupations	52.47%	43.31%	37.58%
	Managers	51.20%	43.26%	57.82%
	Professionals	51.08%	38.83%	50.78%
	Technicians and Associate Professionals	51.03%	41.77%	55.87%
	Clerical Support Workers	47.20%	41.11%	60.94%
	Services and Sales Workers	27.35%	24.67%	12.75%
	Skilled Agricultural. Forestry and Fishery			
	Workers	25.45%	13.89%	3.96%
	Craft and Related Trades Workers	37.51%	28.76%	7.00%
	Plant and Machine Operators and			
	Assemblers	38.55%	35.78%	5.27%
	Elementary Occupations	19.29%	18.95%	3.06%
	Total	39.68%	32.96%	30.56%
	Source: EWCS 2010			

Table 3 .7: New technology adoption by industries Industries
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		New technology adoption	ICT use	New organization
	AGRICULTURE	27%	8%	16%
	MANUFACTURING	48%	25%	42%
	CONSTRUCTION	33%	17%	25%

Table 4 .2 Degree of routine tasks, occupation by groups and comparison with skill level categories
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	Low Routinized Jobs			
	ISCO_08 2-digit	Freq.	Percent	Skill level
	Chief executives, senior officials and legislators	272	1.97	High-skilled level
	Administrative and commercial managers	755	5.46	High-skilled level
	Hospitality, retail and other services managers	846	6.11	High-skilled level
	Science and engineering professionals	695	5.02	High-skilled level
	Health professionals	908	6.56	High-skilled level
	Teaching professionals	2,401	17.35	High-skilled level
	Business and administration professionals	720	5.20	High-skilled level
	Legal, social and cultural professionals	873	6.31	High-skilled level
	Business and administration associate professionals	2,585	18.68	High-skilled level
	Legal, social, cultural and related associate professionals	483	3.49	High-skilled level
	Information and communications technicians	314	2.27	High-skilled level
	Customer services clerks	770	5.56	Middle-skilled level
	Personal care workers	1,6	11.56	Middle-skilled level
	Protective services workers	616	4.45	Middle-skilled level
	Moderate Routinized Jobs			
	ISCO_08 2-digit	Freq.	Percent	Skill level
	Production and specialized services managers	833	7.85	High-skilled level
	Information and communications technology professionals	334	3.15	High-skilled level
	Science and engineering associate professionals	819	7.72	High-skilled level
	Health associate professionals	971	9.15	High-skilled level
	General and keyboard clerks	1,134	10.69	Middle-skilled level
	Other clerical support workers	441	4.16	Middle-skilled level
	Personal service workers	1,953	18.41	Middle-skilled level
	Sales workers	3,127	29.48	Middle-skilled level
	Market-oriented skilled agricultural workers	864	8.14	Low-skilled level
	Market-oriented skilled forestry, fishing and hunting workers	92	0.87	Low-skilled level

Table 4 .4: Econometric results with job quality dimensions as dependent variables by skill level (linear regression, OLS)

 4 

		High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled	High-skilled	Middle-skilled	Low-skilled
		workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers	workers
		Pay	Pay	Pay	Employment stability	Employment stability	Employment stability	Social environment	Social environment	Social environment	Workplace risks	Workplace risks	Workplace risks	Working time quality	Working time quality	Working time quality	Work pressure	Work pressure	Work pressure	Job satisfaction	Job satisfaction	Job satisfaction
	Explicative variables																					
	New technology adoption at workplace	0.00419	0.0183	0.0311*	0.0304*	0.0175	-0.00490	-0.0194	-0.00827	0.00705	0.0206	0.0714***	0.0672*	-0.0167	-0.0351	0.0202	0.0176	0.0348	0.0463	0.0278	-0.00405	-0.00817
		(0.45)	(1.49)	(2.33)	(1.99)	(0.83)	(-0.30)	(-1.07)	(-0.39)	(0.36)	(1.19)	(3.36)	(2.54)	(-1.19)	(-1.62)	(1.19)	(0.75)	(1.11)	(1.71)	(1.06)	(-0.12)	(-0.26)
	New organization at workplace	-0.00458	0.00625	0.000545	0.00661	0.00594	0.00555	-0.0201** -0.0405***	-0.0101	0.0101	0.0219*	0.0220	-0.0174** -0.00827	-0.00735	0.0300*	0.0257	0.00514	-0.0567*** -0.0466**	-0.0525***
		(-1.29)	(0.98)	(0.13)	(0.93)	(0.57)	(0.68)	(-2.65)	(-3.33)	(-1.13)	(1.47)	(2.07)	(1.78)	(-2.70)	(-0.74)	(-0.86)	(2.56)	(1.79)	(0.43)	(-4.91)	(-2.82)	(-3.71)
	New organization at workplace * New technology adoption at																					
	workplace	0.00740	-0.00894	-0.00324	-0.0102	-0.00847	0.00638	0.00293	0.0178	-0.00151	-0.000995 -0.00706	-0.00142	0.0105	0.0148	-0.00582	0.0180	0.0289	0.00766	0.0182	-0.00513	0.0212
		(1.46)	(-0.98)	(-0.50)	(-1.11)	(-0.59)	(0.54)	(0.29)	(1.14)	(-0.12)	(-0.11)	(-0.44)	(-0.08)	(1.20)	(0.92)	(-0.51)	(1.21)	(1.37)	(0.45)	(1.22)	(-0.21)	(1.05)
	ICT use	-0.000966 0.0230**	0.0109	0.0138*	0.0369**	0.0242	-0.0128*	0.00260	-0.0308	-0.0483*** -0.0363**	-0.0229	0.0275*** 0.00906	0.0162	0.0713*** 0.0527**	0.0644	0.0145	0.0260	-0.00267
		(-0.27)	(3.28)	(1.19)	(2.34)	(2.98)	(1.46)	(-1.97)	(0.20)	(-1.66)	(-8.89)	(-2.87)	(-0.84)	(5.35)	(0.82)	(0.99)	(7.87)	(3.05)	(1.75)	(1.64)	(1.50)	(-0.13)
	New technology adoption at workplace * ICT use	-0.00410	-0.00760	0.00770	-0.0139	-0.0167	0.000568	0.00900	-0.0222	-0.00235	-0.00522	-0.00746	0.0162	0.00229	0.0120	-0.0286	-0.00659	0.00207	-0.0135	-0.0228	-0.0391	-0.00429
		(-0.84)	(-0.72)	(0.54)	(-1.67)	(-0.98)	(0.03)	(0.98)	(-1.16)	(-0.09)	(-0.62)	(-0.36)	(0.43)	(0.29)	(0.66)	(-1.24)	(-0.49)	(0.08)	(-0.31)	(-1.75)	(-1.45)	(-0.13)
	Learning practices	0.00904	0.00134	0.00378	0.252***	0.167***	0.159***	0.0227	0.0301*	0.0489*** -0.0156	0.0225	-0.0360	-0.0195	-0.0128	-0.00730	0.0307	0.0173	0.0223	0.0853*** 0.0870***	0.0817***
		(1.14)	(0.14)	(0.49)	(19.20)	(11.93)	(12.37)	(1.68)	(2.14)	(3.33)	(-1.26)	(1.48)	(-1.91)	(-1.88)	(-0.82)	(-0.55)	(1.50)	(0.87)	(1.08)	(4.18)	(3.69)	(3.60)
	Learning practices * New technology adoption at workplace	0.0207	0.00511	-0.00821	-0.00667	0.105***	0.0379	0.00196	-0.0441	-0.00337	-0.00837	-0.0391	-0.0251	-0.00615	-0.0398	-0.0123	0.0182	0.0225	-0.0359	-0.00407	-0.0229	0.0336
		(1.89)	(0.32)	(-0.64)	(-0.37)	(4.16)	(1.64)	(0.09)	(-1.78)	(-0.13)	(-0.42)	(-1.29)	(-0.78)	(-0.37)	(-1.38)	(-0.60)	(0.62)	(0.61)	(-1.05)	(-0.13)	(-0.53)	(0.92)
	Autonomy and flexibility	0.0222**	-0.00244	0.00980	-0.00512	0.0200	-0.00330	0.0166	0.00870	0.0219	-0.0747*** -0.0103	-0.0379*	0.0156	0.00742	0.0382**	-0.0895*** -0.110***	-0.0681*** 0.0918*** 0.0707**	0.116***
		(2.94)	(-0.27)	(1.45)	(-0.43)	(1.54)	(-0.28)	(1.27)	(0.70)	(1.60)	(-6.28)	(-0.69)	(-2.27)	(1.50)	(0.53)	(3.09)	(-4.84)	(-5.85)	(-3.63)	(4.85)	(3.19)	(5.46)
	Autonomy and flexibility * New technology adoption at workplace	-0.0118	0.0212	0.00207	0.0119	-0.00851	0.0440*	-0.00904	0.0344	0.0136	-0.0307	-0.0618*	-0.0144	0.0188	0.0164	-0.0347	-0.0193	-0.0338	0.0273	-0.0278	0.0437	-0.00373
		(-1.16)	(1.24)	(0.16)	(0.72)	(-0.36)	(2.16)	(-0.48)	(1.47)	(0.57)	(-1.76)	(-2.05)	(-0.47)	(1.26)	(0.60)	(-1.77)	(-0.75)	(-0.91)	(0.87)	(-1.05)	(1.10)	(-0.10)
	Involvement	0.0216**	0.0200*	0.00703	0.0484*** 0.0380**	0.0251*	0.154***	0.149***	0.161***	0.0455*** 0.0263	0.0323	-0.0298** -0.0224	-0.0257*	0.0146	0.0352	0.0539**	0.193***	0.225***	0.233***
		(3.11)	(2.22)	(0.85)	(3.84)	(2.80)	(1.97)	(12.75)	(11.29)	(12.01)	(4.01)	(1.86)	(1.89)	(-2.98)	(-1.49)	(-1.97)	(0.74)	(1.86)	(2.64)	(10.10)	(9.88)	(11.10)
	Involvement * New technology adoption at workplace	-0.0229*	-0.0278	0.00588	0.00475	-0.00115	0.0125	0.0368*	0.00487	-0.0174	0.0223	0.0313	0.00889	-0.0108	0.0157	0.0265	0.0116	-0.0470	-0.0423	0.0277	0.0199	-0.00916
		(-2.06)	(-1.58)	(0.44)	(0.28)	(-0.04)	(0.57)	(1.99)	(0.20)	(-0.74)	(1.30)	(1.01)	(0.27)	(-0.71)	(0.55)	(1.28)	(0.42)	(-1.19)	(-1.27)	(1.01)	(0.46)	(-0.25)
	Degree of tasks division	-0.0301*** 0.0205*	-0.0113	0.00987	0.0503***	-0.00836	-0.0116	-0.0236	-0.0321*	0.112***	0.135***	0.247***	-0.0349** -0.0321	-0.0336** 0.268***	0.297***	0.272***	-0.0660*** -0.0639**	-0.111***
		(-3.97)	(1.99)	(-1.78)	(0.75)	(3.56)	(-0.72)	(-0.85)	(-1.64)	(-2.35)	(8.29)	(8.25)	(14.74)	(-3.12)	(-1.90)	(-2.85)	(13.50)	(14.70)	(14.56)	(-3.31)	(-2.74)	(-5.21)
	Degree of tasks division * New technology adoption at workplace	0.0112	-0.00932	-0.0358** 0.00458	-0.0572*	-0.0117	-0.0103	0.0278	0.00996	0.0217	-0.0124	-0.0516	0.0139	0.0130	-0.0101	-0.0409	-0.00773	-0.0194	-0.00708	0.0305	0.0195
		(1.02)	(-0.49)	(-2.64)	(0.26)	(-2.22)	(-0.56)	(-0.51)	(1.13)	(0.43)	(1.09)	(-0.41)	(-1.62)	(0.83)	(0.48)	(-0.53)	(-1.47)	(-0.20)	(-0.64)	(-0.25)	(0.72)	(0.53)
	Controls																					
	Industry Control	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Level of education	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Size of the firm	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Country	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Age	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	Gender	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes	Yes
	N observations	13293	7410	9385	13293	7410	9385	13293	7410	9385	13293	7410	9385	13293	7410	9385	13293	7410	9385	13293	7410	9385

https://ec.europa.eu/info/strategy/european-semester/framework/europe-2020-strategy_en.

For instance, the Oxford Living Dictionaries define innovation as "make changes in something, especially in introducing new methods, ideas, or products."

The empirical literature on innovation insists on several levels of distinctions between innovation production and innovation adoption, between incremental and radical innovation, and regarding the level of novelty, the type of innovation (technological -process or product -organizational and even marketing), among others.

This graphic synthesizes the conceptual model of our article; it is defined in detail in section two.

From economic perspectives, innovation leads to several market failures that are difficult to deal with (great uncertainty, non-rival and, to some extent, non-excludable goods, and externalities).

Therefore, all our descriptive statistics are not weighted (especially because our software does not support the sampling weight for descriptive statistics). Nonetheless, we have to bear in mind that all samples are as representative as possible in each country, with at least 1,000 individuals; thus the misinterpretation is not too great. Furthermore, to minimize this issue, our regressions are weighted by the weighting variable.

Based on an index of continuous variables conversely to the others, which are multinomial.

Note that this variable of organizational change is strongly correlated with our main variable of innovation (technology adoption).

The sample is divided into three categories based on the RTI index developed byAuthor and Dorn (2013); in the appendices (Table4.2), the occupations that compose each group are reported. We also test the same strategy by skill level; we do not report these results here, but they are available upon demand.

In contrast to the regressions by skill level, as expected, the findings for middle-and low-skilled workers, unlike high-skilled workers, support the workplace risks induced by innovation.

The project will run from April 2015 through July 2018. The QuInnE project is financed by the European Commission's Horizon 2020 Programme 'EURO-2-2014 -The European growth agenda', project reference number: 649497.

Quinne project brings together a multidisciplinary team of experts from nine partner institutions across seven European countries.