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This research aims at investigating employee work design in a new work context creating by the industrial paradigm of "Industry 4.0". The upcoming changes for organizations induced by this paradigm stress scholars to investigate how employee work design and its relationship with employee outcomes might be transformed. By examining the content of the literature about the Industry 4.0, we first acknowledged that Industry 4.0 implies a global digital transformation of organizations but is not yet clearly grasped. As a result, the Industry 4.0 cannot be reduced to the introduction of new technologies though it is actually a starting point of work transformation (Chapter 1). Taking a technological perspective, we examined through a qualitative study (i.e., interviews) the modifications brought by the introduction of two technologies (i.e., drones, robotic process automation) on work characteristics and found that knowledge characteristics were the most at stake in the digital transformation. Some influences on the human-technology relationship were also noticed (Chapter 2 Article 1). In addition to the technologies, we investigated in a quantitative study other sources of influence on employee work design such as employee proactivity and empowering leadership. Cross-sectionally, some direct relationships were identified for employee proactivity and empowering leadership on work characteristics. We also found an indirect relationship between empowering leadership and some work characteristics mediated by employee proactivity. Drawing on both time measurements, we reported the role of empowering leadership for facilitating technological acceptance (Chapter 3). Then, with the intent to examine the relationship between some work characteristics (i.e., knowledge characteristics, job autonomy) and innovative work behaviors, we considered a promising avenue for studying work design through fuzzy-set qualitative comparative analysis (fsQCA). Our results indicate several configurations in which work characteristics jointly influence the effect of each other on innovative work behaviors (Chapter 4 Article 2). Then, drawing on the concept of human agency and its recent development, we further explored the relationship between humans and technologies in the new work environment. We developed a measure (TAGEN) capturing the employee perception of agentic properties in digital technologies and tried to validate its factorial structure. This measure offers an attempt to apprehend psychologically the human-technology relationship under the digital work context (Chapter 5). Finally, the theoretical and practical implications of our findings are discussed (Chapter 6). In conclusion, our results show that employee work design is modified by the digital transformation occurring in current organizations, especially with a rise of knowledge characteristics. Considering these modifications, the models need to evolve to fully capture contemporary work design.

Titre : L'étude du work design dans l'Industrie 4.0 : une approche agentique de l'interaction des individus avec le contexte digital Résumé : Cette recherche a pour but d'investiguer le work design des employés dans un nouveau contexte de travail amené par le paradigme industriel de « l'Industrie 4.0 ». Les changements qu'entraîne ce paradigme pour les organisations conduisent les chercheurs à s'intéresser à la manière dont le work design des employés et ces relations avec les résultats des employés pourraient être transformés. En examinant la littérature traitant de l'Industrie 4.0, nous avons d'abord souligné que l'Industrie 4.0 implique une transformation digitale globale des organisations mais qui ne peut être pour l'heure complètement appréhendée. Par conséquent, l'Industrie 4.0 ne peut se réduire à l'introduction de nouvelles technologies bien que cela soit un point de départ des transformations du travail (Chapitre 1). En prenant une perspective technologique, nous avons exploré avec une étude qualitative (i.e., entretiens) les modifications apportées par l'introduction de deux technologies (i.e., drones, automatisation robotique des procédés) sur les caractéristiques du travail et avons constaté que les caractéristiques de la connaissance étaient les plus influencées par la transformation digitale. Nous avons également noté des modifications dans la relation humaintechnologie (Chapitre 2 Article 1). En plus des technologies, nous avons investigué dans une étude quantitative d'autres sources d'influence du work design des employés comme la proactivité des employés et le leadership habilitant. De manière transactionnelle, des relations directes ont été constatées entre la proactivité et le leadership habilitant avec les caractéristiques du travail. Nous avons aussi trouvé une relation indirecte entre le leadership habilitant et certaines caractéristiques du travail via la proactivité des employés. En se basant sur deux temps de mesure, nous avons montré le rôle du leadership habilitant pour faciliter l'acceptation des technologies (Chapitre 3). Puis, dans le but d'examiner les relations entre certaines caractéristiques du travail (i.e., caractéristiques de la connaissance, autonomie au travail) et les comportements d'innovation, nous avons envisagé une voie prometteuse pour étudier le work design, à travers l'analyse qualitative comparée d'ensembles flous (fsQCA). Nos résultats donnent plusieurs configurations dans lesquelles les caractéristiques du travail influencent mutuellement l'effet de chacune sur les comportements d'innovation (Chapitre 4 Article 2). Ensuite, en se basant sur le concept de l'agentivité humaine et ses récents développements, nous avons investigué davantage la relation entre les humains et les technologies dans le nouvel environnement de travail. Nous avons développé une mesure (TAGEN) qui capture la perception des employés de propriétés agentiques au sein des technologies digitales et avons tenté de valider sa structure factorielle. Cette mesure est une tentative d'appréhender psychologiquement la relation entre l'humain et la technologie dans le contexte de travail digital (Chapitre 5). Enfin, nous discutons les implications théoriques et pratiques de nos résultats (Chapitre 6). En conclusion, nos résultats montrent que le work design des employés est modifié par la transformation digitale qui traverse les organisations actuelles, notamment les caractéristiques de la connaissance gagnent de l'importance. Face à ces modifications, les modèles doivent évoluer pour capturer de manière adéquate le work design contemporain.

Introduction

Les caractéristiques du travail sont un concept prégnant en psychologie du travail et des organisations. L'importance de ce concept est reconnue en raison de ces nombreux effets sur les travailleurs, aussi bien sur le plan attitudinal (e.g., sens au travail), motivationnel, comportemental, que de la santé, et des bénéfices qu'il comprend pour les organisations (e.g., performance) (Parker, Morgeson, et al., 2017). Il a également suscité l'intérêt des chercheurs et des praticiens en donnant des clés sur la manière de concevoir un travail motivant et satisfaisant.

Cependant, étant fortement lié à l'environnement de travail (Johns, 2010(Johns, , 2018)), il est à chaque fois challengé par les modifications de l'environnement. Les organisations actuelles connaîtraient de nombreux changements (e.g., changements technologiques, dans la composition de la main-d'oeuvre, concurrence) pouvant avoir des répercussions pour les individus et leur travail (Humphrey et al., 2007;Parker, Morgeson, et al., 2017). Aujourd'hui, l'environnement de travail pourrait être transformé face à un changement de paradigme industriel appelé « Industrie 4.0 ». Bien qu'il n'y ait pas encore de consensus sur sa définition [START_REF] Nakayama | Towards I4.0: A comprehensive analysis of evolution from I3.0[END_REF], l'Industrie 4.0 suppose comme les précédentes Révolutions Industrielles l'arrivée de nouvelles technologies dans les organisations. Ces technologies comme le Big Data ou l'intelligence artificielle pour donner quelques exemples sont susceptibles d'actionner de profonds changements dans la manière dont le travail est réalisé dans les organisations (Cascio & Montealegre, 2016). Toutefois, si les caractéristiques du travail ont fait l'objet de nombreuses recherches au cours des cinquante dernières années (Oldham & Fried, 2016), celles qui ont pris en compte la manière dont les mutations du travail affectent les caractéristiques du travail sont rares. Aussi, malgré les appels des chercheurs pour adresser cette interrogation (e.g., Humphrey et al., 2007), nous ne savons pas si les modèles des caractéristiques du travail seront appropriés pour analyser la réalité des organisations dans le x paradigme de l'Industrie 4.0. Il est possible que les caractéristiques des modèles actuels ne soient plus pertinentes pour étudier ce type d'organisations (Oldham & Fried, 2016).

Les facteurs contextuels (e.g., technologie, design organisationnel) peuvent affecter directement ou générer de nouvelles caractéristiques du travail (Parker, Van den Broeck, et al., 2017). Cela implique que l'Industrie 4.0 comprenant à la fois un changement structurel et technologique des organisations va transformer l'environnement de travail et ipso facto les caractéristiques du travail. Par exemple, en introduisant de nouveaux systèmes de production cyber-physiques, les demandes d'étroite collaboration entre les humains et le système pourront s'accroître (Broday, 2020). Or pour l'heure, la littérature scientifique examinant la question du travail et de ses caractéristiques dans l'Industrie 4.0 se compose principalement d'hypothèses et de propositions (e.g., Battistelli & Odoardi, 2018;Schwarzmüller et al., 2018;Stern & Becker, 2017). Peu d'études empiriques ont été menées permettant de comprendre comment le rôle et les responsabilités de l'individu au travail ainsi que les tâches qu'il réalise et les relations qu'il a dans son travail se trouvent modifiés par l'Industrie 4.0 et comment les modèles des caractéristiques du travail devraient être adaptés face à ces changements (Humphrey et al., 2007;Schneider, 2018). Découlant de ces problématiques, une autre question sous-jacente et fondamentale pour la psychologie du travail et des organisations reste sans réponse : les processus psychologiques au travail seront-ils également transformés et si oui, comment ? Ce travail de thèse cherche donc à apporter des éléments de réponses à ces questions en adoptant une vision sociocognitive des individus et de leur environnement de travail ainsi qu'une vision proactive des individus au travail.

Ce travail se compose donc d'un premier chapitre où nous réalisons une revue de littérature autour de l'Industrie 4.0. Puis, une première étude qualitative a été conduite quant aux modifications produites par l'introduction de technologies se rapportant à l'Industrie 4.0 sur le travail que nous décrivons dans le chapitre 2. Le troisième chapitre de cette thèse étudie xi plus finement une organisation qui a initié une transformation digitale et les différentes variables (leadership, comportements des employés) pouvant influencer les caractéristiques du travail dans ce contexte de transformation. Dans le chapitre 4, nous examinons à travers une méthodologie différente et originale le lien entre caractéristiques du travail et comportements d'innovation. Le chapitre 5 présente un concept que nous avons développé pour analyser les changements décrits précédemment à savoir l'agentivité technologique.

Enfin, le chapitre 6 propose de traiter les implications des résultats de cette recherche pour la littérature scientifique et pour la pratique, donne des pistes de recherches futures et adresse quelques limites que ce travail comprend.

Chapitre 1. Revue de littérature

Afin de mieux comprendre ce que veut dire et recoupe le terme « Industrie 4.0 » (Hermann et al., 2016;Salkin et al., 2018), nous avons conduit une revue de littérature pluridisciplinaire. De manière purement descriptive, celui-ci fait référence à la 4 ème Révolution Industrielle pour sa particule 4.0 (Schwab, 2017) et à son irruption dans les milieux industriels pour sa particule industrie. Etant donné la nouveauté du sujet développé depuis 2011 et le faible intérêt pour l'heure de la psychologie pour cette question, nous avons cherché à répondre à des questions préliminaires et fondamentales : avec les connaissances actuelles, quels sont les éléments permettant de différencier l'Industrie 4.0 des précédents paradigmes industriels ? A partir de cette base, comment définir ce terme ? L'objectif était moins de donner une définition consensuelle que de réaliser une première exploration du sujet et de dégager des éléments distinctifs pouvant avoir des implications vis-à-vis des processus psychologiques de l'individu au travail. En empruntant la perspective des caractéristiques du travail (work design) (Hackman & Oldham, 1975;Morgeson & Humphrey, 2006), il est possible à la fois d'avoir une vision des changements qu'implique l'Industrie 4.0 sur les aspects du travail des individus et de postuler quelques effets sur certains processus psychologiques clés (e.g., satisfaction, sens du travail). Aussi, cette perspective semble pertinente dans l'étude du sujet. A partir de la littérature scientifique, nous avons utilisé 4 propriétés technologiques précédemment mises en évidence à savoir la communication, l'information, l'analyse et la connectivité (Vial, 2019) pour commencer à examiner les changements s'opérant dans les organisations. Puis, nous avons dérivé les éventuelles retombées de ces propriétés pour les caractéristiques composant le travail des individus.

Enfin, nous concluons en proposant d'étudier l'Industrie 4.0 à travers la transformation digitale des entreprises.

Chapitre 2. Article 1. Comment les technologies digitales modifient les caractéristiques du travail : une étude préliminaire

Etant donné la difficulté de définir l'Industrie 4.0, nous nous sommes intéressés à ces aspects les plus observables, les technologies nouvellement introduites dans les organisations, pour obtenir de premières indications de changements dans le travail des individus. En s'appuyant sur le cadre développé par Murray et al., (2021), nous avons tenté sans être exhaustives de classifier les technologies qu'englobe l'Industrie 4.0 en fonction de deux éléments (i.e., la possibilité pour les technologies de sélectionner des actions et de développer des protocoles) et d'en déduire des propositions théoriques vis-à-vis de leurs potentielles influences sur les caractéristiques du travail. Dans cette première étude qualitative, nous avons mené 9 entretiens avec des employés d'une même organisation mais de services différents pour nous permettre de soutenir ou non ces propositions. Nous nous sommes concentrées sur deux technologies introduites : l'automatisation robotique des procédés (RPA) et les drones. Les personnes interrogées sont soit des utilisateurs de la technologie, des développeurs ayant participé à son implémentation ou des managers. En réalisant une analyse thématique, 3 thèmes sont apparus : un thème décrivant les spécificités de la technologie, les modifications des caractéristiques du travail et la relation avec la xiii technologie. Notre analyse nous permet de classer RPA et les drones dans des catégories différentes selon le cadre de Murray et al., (2021), respectivement comme technologie qui arrête et technologie qui assiste. Les deux technologies semblent impacter positivement le niveau d'autonomie des individus ainsi que les caractéristiques du travail de la connaissance.

Plus particulièrement, RPA aux dires des participants a augmenté le niveau de traitement de l'information et de résolution de problèmes tandis que l'utilisation du drone et des logiciels Compte tenu de l'importance pour les entreprises dans le contexte actuel de s'inscrire dans une démarche d'innovation pour être pérenne et impliquer les individus (Battistelli & Odoardi, 2018), nous avons investigué la manière dont elles pouvaient stimuler les comportements d'innovation de leurs collaborateurs par les caractéristiques du travail. Les données empiriques sont nombreuses pour étayer le fait que les entreprises peuvent renforcer l'innovation en façonnant de manière adéquate le travail de leurs collaborateurs (e.g., en leur laissant de l'autonomie). Cependant, les études sont plus rares pour les caractéristiques du travail de la connaissance en dépit de certains efforts pour lier les aspects cognitifs du travail et l'apprentissage à l'innovation (Battistelli et al., 2019;Parker, 2018). Cette étude s'est également attachée à tester une perspective originale et différente du modèle des caractéristiques du travail. Depuis peu, les chercheurs recommandent de recourir à une perspective différente permettant de rendre davantage compte des liens complexes au sein d'un modèle par une perspective configurationnelle (Johns, 2010;Parker, Morgeson, et al., 2017). Au lieu de voir les effets de chaque variable indépendante comme additifs et linéaires, cette perspective permet d'examiner les interactions des variables entre elles et voir comment l'effet de chaque diffère en fonction de la présence ou l'absence des autres.

Méthodologiquement, cette perspective s'investit par une méthode fsQCA.

Les résultats ont fait ressortir 7 configurations de caractéristiques du travail permettant de conduire à de hauts niveaux de comportements d'innovation de la part des travailleurs.

Parmi celles-ci, nous avons noté que l'apprentissage continu et la résolution de problèmes n'étaient jamais présent ensemble et que la présence de l'un impliquait l'absence de l'autre, laissant à penser que ces deux caractéristiques sont antagonistes. Nos résultats corroborent également les travaux mettant en évidence l'apport de l'autonomie lorsque les challenges au travail sont fortement présentsopérationnalisés ici à travers la forte présence de complexité du travail et de résolution de problèmes. Néanmoins lorsque seul l'un des aspects du Afin de rendre compte des nouvelles relations de travail développées avec les technologies dans ce contexte de travail davantage digital et connecté (Cascio & Montealegre, 2016), nous tentons de caractériser les propriétés grandissantes et toujours plus complexes des technologies. Nous proposons que les technologies sont de plus en plus dotées de propriétés ressemblant aux capacités agentiques humaines (Bandura, 1997). Ainsi, adoptant le cadre théorique socio-cognitif, nous conceptualisons cette propriété comme l'agentivité technologique. L'agentivité technologique décrit la perception de la capacité des machines, outils et autres équipements technologiques à exercer une influence sur le monde physique et sur eux-mêmes à travers des actions. Cette perception peut potentiellement remettre en question l'agentivité même des individus au travail : si une technologie est tout aussi capable de faire des suggestions, d'apprendre, de modifier ses paramètres pour s'ajuster et de prédire la survenue de certains événements alors l'humain peut s'interroger sur sa plus-value au travail. Réalisant des analyses factorielles exploratoires et confirmatoires sur 2 échantillons différents, nous cherchons à valider la structure de notre mesure puis à tester les validités convergentes et discriminantes. La mesure (TAGEN) se compose de 3 facteurs : xvii l'intentionnalité (4 items, e.g., « sélectionnent par elles-mêmes des actions »), l'auto-réactivité (4 items, e.g., « peuvent améliorer leurs règles de fonctionnement ») et l'anticipation (3 items, e.g., « prévoient la succession d'événements spécifiques au contexte de travail »). Nous essayons d'inscrire la mesure développée au sein du cadre théorique de Bandura en examinant ses relations avec des concepts d'auto-efficacité, général et spécifique. Cette étude est une première étape en termes de validation mais de plus amples recherches permettant de consolider la structure et sa validité doivent être réalisées.

Chapitre 6. Discussion Générale

Nos différentes études ont permis d'étudier les caractéristiques du travail en relation avec les technologies digitales et le nouveau paradigme industriel émergent. Nos travaux se sont centrés plus particulièrement sur les caractéristiques de la connaissance qui jusqu'à présent ont reçu moins d'attention comparativement aux caractéristiques motivationnelles (Humphrey et al., 2007). Les résultats de ces travaux éclairent ainsi les connaissances actuelles sur ces caractéristiques notamment concernant leurs antécédents (i.e., leadership habilitant, prise de parole constructive) et leurs résultats (i.e., comportements d'innovation).

Nous avons proposé que l'apprentissage joue un rôle crucial dans ces relations. De plus, nos résultats révèlent la nécessité d'adapter les modèles des caractéristiques du travail à la réalité actuelle des organisations parcourues par des modifications amenées par l'Industrie 4.0 ainsi que d'adopter une vision complémentaire au sein de ces modèles vis-à-vis des relations entre les caractéristiques du travail.

De futures recherches pourront mener des études longitudinales pour permettre de mieux comprendre comment les caractéristiques du travail se trouvent modifiées par le contexte de transformation digitale dans le temps. De plus, étant donné la mise en évidence de modifications dans les caractéristiques du travail, il serait judicieux d'étudier si le lien entre les caractéristiques du travail présentes dans le modèle et la motivation au travail de l'individu xviii reste inchangé et significatif. Enfin, en lien avec la nouvelle méthodologie présentée dans la thèse, nous pensons que les chercheurs pourront l'utiliser pour examiner les configurations de caractéristiques du travail en lien d'autres résultats tels que la satisfaction au travail, la performance au travail ou la motivation interne.

Conclusion

De manière générale, ces travaux nous ont permis de confirmer le rôle des technologies nouvellement introduites dans les organisations pour façonner le travail en redéfinissant les tâches et les rôles des employés. Nos résultats n'étayent ni la vision pessimiste (automatisation, remplacement des employés) (e.g., Frey & Osborne, 2013) ni la vision optimiste (partenariat, changement dans les emplois plutôt qu'une disparition) (e.g., [START_REF] Barro | People and machines: Partners in innovation[END_REF] de la relation entre les technologies et le travail. A travers nos travaux, nous tentons de montrer qu'un enjeu pour la psychologie est de comprendre comment les emplois qui se trouvent redéfinis par la transformation digitale devraient être conçus. Nous mettons également en évidence que les technologies ne sont pas le seul facteur influençant la manière de concevoir le travail mais que la redéfinition du travail peut aussi être le fait des employés eux-mêmes et du leader.
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Introduction

Actually, the work environment is presumed to be at the edge of a new Industrial Revolution generating a new industrial paradigm called "Industry 4.0" that can transform current organizations (Schwab, 2017). Although there is still no consensus on its definition [START_REF] Nakayama | Towards I4.0: A comprehensive analysis of evolution from I3.0[END_REF], Industry 4.0 (I4.0) assumes, like previous Industrial Revolutions, the introduction of new technologies in organizations (e.g., Big Data, artificial intelligence). While there is no clear cut between former technologies already present in organizations (i.e., information and communication technologies, ICT) and technological enablers of I4.0, we make this distinction and focus here exclusively on the latter as these technologies have never been seen before in the organizational setting. Though we acknowledge that technologies comprised in I4.0 are based on ICT, our choice is motivated by the fact that the effects of ICT on work design (WD) have already been documented (e.g., Wang et al., 2020). Hereafter, we will distinguish technologies embedded in I4.0 from previous one by using the term digital technologies. Based on the literature review conducted in Chapter 1, an overview of main digital technologies and their definitions are exposed in Table 1 (p.14).

Few scholars have discussed the differences between ICT and digital technologies (see for an exception, [START_REF] Lee | Is the fourth industrial revolution a continuation of the third industrial revolution or something new under the sun? Analyzing technological regimes using US patent data[END_REF]. However, some studies have emphasized the "smart" or intelligent nature of these technologies that refers to their possibility of sensing and identifying events and managing information by themselves (Brougham & Haar, 2018;Napoleone et al., 2020;Pereira & Romero, 2017). In line with this, others have pointed their autonomous feature as technologies are becoming more self-behaving and have the possibility to select actions by themselves (e.g., Murray et al., 2021;Oztemel & Gursev, 2018). Otherwise, scholars have noted the ever-growing complexity of technologies (e.g., Battistelli & Odoardi, 2018;Hoyer et al., 2020). For instance, as technological systems receive continuous data, they may gain complexity (Hoyer et al., 2020). Finally, while ICT characterize the Third Industrial Revolution, cyber-physical systems (CPS) are recognized as the main technological advance characterizing I4.0 (Xu et al., 2018;Zheng et al., 2021). CPS represent systems of entities in which physical and virtual processes reinforce each other [START_REF] Monostori | Cyber-physical production systems: Roots, expectations and R&D challenges[END_REF]. Altogether, these elements suggest that technologies comprised in the I4.0 carry properties never held before.

Moreover, whereas ICT increase communication between humans, CPS increase the communication between machines and the interoperability (Napoleone et al., 2020).

These technologies are likely to activate profound changes in the way work is done in organizations (Cascio & Montealegre, 2016). For instance, as the technologies become more and more autonomous, the hierarchical line of decision making might be revised. This may imply some modifications for the role of managers in organizations. For Cascio and Montealegre (2016), the managerial function will be then refocused on motivation and social support. Another example of this, using the previous example with continuous data, employees have to steadily process new pieces of information generated by technological systems. With cyber-physical systems, work requirements for a more integrated collaboration between humans and machines will increase (Broday, 2020). Yet, today, little is known about what Industry 4.0 really is and what changes it will create in the work environment.

Based on the previous elements, Industry 4.0 and the technologies it encompasses are likely to modify people's work. One way to capture the induced modifications is through the concept of WD because it measures "the content and organization of one's work tasks, activities, relationships, and responsibilities" (Parker, 2014, p.662). The concept makes the connection between the objective properties of work and employee reactions to work. Indeed, WD models assume that employees perceive accurately their objective work aspects, called work characteristics (Hackman & Oldham, 1975;Morgeson & Humphrey, 2006), thus any modifications in people's work will be reported in their perception of WD. WD does not apprehend the objective content and organization of taskswhat the employee is actually doing and howbut the subjective evaluation of the content and organization. Yet, it has been confirmed that perceptions about one's work are actually grounded into reality (Fried & Ferris, 1987). WD models also presume that employee working conditions shaped by the work environment influence employee perceptions of their work that in turn affect employee attitudes and behaviors. As a result, the concept of WD allows scholars to evaluate the potential effects of Industry 4.0 and the digital technologies on the work environment through the perception of these effects by employees with regards to their work. Besides, it also enables to understand how these perceived modifications of the work relate to employee outcomes (e.g., job satisfaction, turnover intentions, organizational commitment, job performance, internal work motivation).

Furthermore, WD has been apprehended through successive technological changes in organizations and previous Industrial Revolutions such as the production line from coal mines (Trist & Bamforth, 1951) to modern manufacturing (Parker & Wall, 1998;Wall et al., 1992) or ICT (Handke et al., 2020;Kemp & Clegg, 1987;Wang et al., 2020). The concept is relevant for studying such modifications in the work environment as it may constitute a means to mitigate potential negative effects of technology and maximizing positive effects (Parker et al., 2017). If scholars have an overview of these modifications, they might be able to optimize the introduction of digital technologies.

Since it is strongly linked to the work environment (Johns, 2010(Johns, , 2018)), WD is challenged by any modifications occurring within it. Because the concept addresses not only the perception of work but how these perceptions are linked to several employee outcomes, a central issue for scholars is thus, if the work environment is facing changes, to identify possible new relevant work characteristics (WC) that affect employee work reactions. Even though WD has been the subject of many research over the past fifty years (Oldham & Fried, 2016), those that have taken into account changes in work and consequently modifications of WC are rare. Despite scholars' call for addressing it (e.g., Humphrey et al., 2007), we still don't know whether the WD models will be appropriate to analyze work reality in organizations under the Industry 4.0 paradigm. WC of current models could be no longer relevant for studying this type of organizations (Oldham & Fried, 2016). For now, the scientific literature examining WD in the Industry 4.0 context consists mainly of hypotheses and proposals (e.g., Battistelli & Odoardi, 2018;Schwarzmüller et al., 2018;Stern & Becker, 2017). There has been little empirical studies conducted to understand: 1) how the work role, tasks, responsibilities and relationships of workers will be modified in the Industry 4.0 paradigm; 2) considering these modifications, how employees will perceive their work; 3) whether and how these modifications will affect employee experiences at work and work outcomes; 4) how the WD models should be revised to accommodate these changes (Humphrey et al., 2007;Schneider, 2018). Underneath these issues, there is a fundamental question for work and organizational psychology: will psychological processes at work also be transformed and if so, how? This doctoral thesis strives to provide answers to these questions by adopting a sociocognitive vision of people in their work environment. To examine the changes brought by the I4.0 on the work environment, we draw on the Social Cognitive Theory (SCT) which depicts the concept of human agency (Bandura, 1997). In the SCT, Bandura is interested in the causation of human actions. He conceives the person both as a free agent that can intentionally influence the course of events through his or her actions and as a product of the environment because the person is also determined by environmental influences. Therefore, he puts human agency within a triadic causal relationship in which environmental (e.g., formal structures, social influences), internal factors (i.e., biological, affective and cognitive events) and behavioral patterns influence actions while bidirectionally influencing each other. However, the interdependent relationship between factors varies according to the situation. Depending on the activity and the circumstances, the influence exerted by one factor will be more or less strong and will not necessarily be immediate. Action is thus shaped by contextual factors but also by self-processes (e.g., individual goals, cognitions). SCT acknowledges that humans are not passively determined by the environment but that they also strive to influence what happens to them. Consequently, because humans are agentic in their environment, they may try to influence the transformation occurring in their work activated by the I4.0 and its effects on their WD.

Therefore, this theory leads us to investigate the role of employees and other stakeholders in the WD under the context of the I4.0.

We chose SCT as a theoretical framework for several reasons. First, it acknowledges the role that work context plays for shaping human behaviors and helps to conceptualize how new technologiesconsidered as an environmental factorcan modify the environmental influence on behavioral and internal factors. Moreover, this theory allows to treat both I4.0 and the introduction of new technologies as part of the same influence (i.e., environmental influence) while other theoretical frameworks only take into account new technologies, leading to dismiss the fact that I4.0 cannot be circumscribed to the introduction of new technologies.

Second, it advocates that the environment (e.g., digital technologies, I4.0) is not the only determinant of human behaviors by giving an active role to people in their work environment.

I4.0 and the digital technologies may develop or activate some behavioral patterns in employees but they have no deterministic role. Although some WD choices (i.e., how work should be) may already be embedded in the design of the technology (Bailey & Barley, 2019) or in the design principles of I4.0, workers have some opportunities to influence their WD (Parent-Rocheleau & Parker, in press). This interpretation is in our view the most suitable because it offers the possibility for these two sources of influence to be manageable while recognizing that technology and the organizational environment impose some constraints. Besides, comparatively to other theoretical frameworks with a similar vision such as sociotechnical systems theory, central tenets of SCT have been operationalized and tested and their empirical evidence is no longer to be demonstrated (Cenciotti et al., 2020;Chen et al., 2001;[START_REF] Latikka | Self-efficacy and acceptance of robots[END_REF].

In the first chapter, we conduct an interdisciplinary literature review to have an overall view of the I4.0. We seek to answer to several questions: what is it? How is it defined? How is it different from past Industrial Revolutions? Through this work, we draw on four technological properties (i.e., information, computing, communication, connectivity) to characterize the I4.0.

Based on these properties, we try to identify their possible implications for WD. Besides, we also postulate some consequences for employee behaviors (i.e., proactivity). This chapter can contribute to the literature in initiating the investigation of the I4.0 field by work and organizational scholars. It summarizes the principal current modifications observed in the organizations and in doing so, it may be a starting point to discern the psychological effects of the I4.0.

The second chapter aims at uncovering the modifications created by the introduction of some digital technologies in the workplace. Based on a technological classification (Murray et al., 2021), we formulate propositions of their potential influence on the meta-categories of WC (i.e., motivational, knowledge, social, contextual characteristics). We asked nine employees about the modifications of their WC with the introduction of technologies in the work and the consequences of these modifications. The technologies that have been examined are drones and robotic automation process. Data were analyzed through a thematic analysis and three themes were detected (i.e., a technological theme, a WC theme, a theme related to human-technology relationship). Respondents reported different modifications depending on the technology introduced. Overall, this study offers preliminary results that help to understand the new tasks and role of employees as well as employee perceptions of their work with the digital technologies. It also gives first clues for adapting the WD models.

Our third chapter examines more deeply an organization that is going through a digital transformation. We explore various WD influencing factors such as employee proactivity and empowering leadership that may have a role under such context. Cross-sectionally, direct relationships between employee proactivity (i.e., constructive voice) and some WC (i.e., problem solving, demands for constant learning) are found. Empowering leadership has direct links with job autonomy, problem solving and demands for constant learning. Empowering leadership is indirectly related to problem solving and demands for constant learning via constructive voice. Through two measurement times, the focus was more on empowering leadership. We investigate how empowering leaders can enhance employee satisfaction towards digital transformation. Then, satisfaction towards digital transformation is found as a mediator of the relationship between empowering leadership and technological beliefs (i.e., perceived usefulness, ease of use). With these two studies, we try to highlight the active role that employees play in their work environment for shaping their own work which is mainly overlooked by the literature about I4.0. We also emphasize the central role of empowering leadership for influencing employee WD and their attitudes towards digital transformation and digital technologies.

In Chapter 4, we investigate an important question for organizations in the current context: since the actual transformation for organizations requires employees to be innovative (Battistelli & Odoardi, 2018), how can WC contribute not singularly but as configurations of factors? Using a fuzzy-set qualitative comparative analysis (fsQCA), we analyze the effects of configurations between some WC (i.e., job autonomy, job complexity, specialisation, problem solving, demands for constant learning) on innovative work behaviors. Our findings reveal seven configurations through which WC can influence differently the adoption of such behaviors. The contributions of this study for the WD literature are twofold. First, the role of learning that is overlooked in the WD studies is here acknowledged for explaining some relationships. Second, we test a new promising approach for studying the relationships inside the WD models by considering how the effect of WC can differ regarding the presence or absence of others.

In Chapter 5, we get interested in developing a measure for taking into account the shift in agency that may occur in the I4.0 context. Facing more autonomous technologies that can gain more control over tasks raises questions about human perceptions of their control in the organizational setting. Based on the works of Bandura (1997) and Murray et al., (2021), we construct the Technological Agency Measure (TAGEN) that evaluates the perception of an ability in machines, tools and other technological equipment to exert influence on the physical world and on themselves through actions. In this study, we examine the structure of the measure and explore its nomological net. Further evidence needs to be gathered for improving our measure and to establish its validity. With this study, we initiate the exploration of the psychological effects of the I4.0 evaluated through the measure developed on employee own's perception in their work while dealing with digital technologies. Possible implication for employee human agency at work in this context is considered.

Finally, in Chapter 6, we discuss the theoretical and practical implications of our work as well as its limits and we propose some lines for future research based on our findings.

Through this doctoral thesis, we have examined the WC within a new industrial paradigm and in relation with digital technologies. We have highlighted the importance gained by knowledge characteristics and explored some of their antecedents and outcomes. To explain the relationships of knowledge characteristics with these variables, we have emphasized the role of learning. Theoretically, our work raises the question of the adaptation of WD models to the new work reality. It also highlights a promising and original avenue in the study of WC (i.e., fsQCA methodology) that allows to consider differently the relationships between WC. Future research could use this methodology to explore other links inside the WD literature. Further studies should also considerate longitudinal investigation of WC to capture modifications in levels of WC and temporal effects of digital transformation on WC. 

Simulation and modelling

Technologies that mirror the physical world data such as machines, products and humans in a virtual world, aiming for simplification and affordability of the design, creation, testing and live operation of the systems Process engineering Virtual prototyping Machinery health monitoring Zheng et al., (2021) Process of designing a model of a real or hypothetical system to describe and analyze the behaviors of the system De Paula Ferreira et al., (2020) Virtual reality Technology that generates an interactive virtual environment that is designed to simulate a real-life experience Training Process visualisation Suh & Prophet (2018) a Klingenberg et al., (2019) distinguish between Big Data and Big Data Analytics. For the authors, the Big Data concept represents the high volume of data (structured and unstructured) produced by machines, products, people and thus is not a technology per se. When referring to "the techniques and tools used to store, organize and process data, to transform them into valuable knowledge", one should refer to Big Data Analytics.

Chapter 1 -Literature review

Introduction

The rapid technological advance has participated to the emergence of a trend topic, namely Industry 4.0 (I4.0) (Xu et al., 2018). The origin of I4.0 is commonly linked to the Hannover Fair in 2011 and the concept has been developed initially in Germany with for example the report of the Industrie 4.0 Working Group (Kagermann et al., 2013) which stands as a widely cited reference. The term is composed of two particles: the industry part refers to the specific context of manufacturing and the 4.0 part stands for the Fourth Industrial Revolution. It is generally agreed that I4.0 refers to a concept describing a new industrial paradigm (Pereira & Romero, 2017) and that this new paradigm shares a strong linkage with a Fourth Industrial Revolution. While the Fourth Industrial Revolution is often used as a synonym of I4.0 (Culot et al., 2020), they do not recover exactly the same phenomenon: the Fourth Industrial Revolution represents a systemic change in the society (Battistelli & Odoardi, 2018), whereas the term I4.0 illustrates the changes occurring in the manufacturing context (i.e., technological, organizational) although there are increasing attempts to extend it to other sectors (Culot et al., 2020). Conventionally, the first Industrial Revolution is supposed to have started with the development and the introduction of steam machine in the industrial processes. Then, the second Industrial Revolution have begun with the implementation of electricity and the information and communication technologies (ICT) have initiated the third (Schwab, 2017).

The actual period would be on the threshold of a new Industrial Revolution characterized by advanced digitalisation (e.g., Chiarello et al., 2018) which is commonly understood as the convergence of physical and virtual worlds (e.g., Pereira & Romero, 2017). Considering the disruptive nature of new implemented technologies (Cascio & Montealegre, 2016), scholars and practitioners have emphasized that the actual period is characterized by complexity and hyperconnectivity (Battistelli & Odoardi, 2018;Schwab, 2017;World Economic Forum, 2019).

Indeed, today technologies are highly interconnected: machine-to-machine communication is developing enabling exchange of information between two technological entities (Perales et al., 2018). Manufactories continue to proceed with physical processes, but processes become more digitalised with sensors capturing physical measurements and digital data which are then analysed to monitor and offer new insight about the processes. In doing so, production systems are getting more complex in organizations.

While scholars have underlined the various challenges I4.0 comprises (e.g., technical, managerial, organizational) (Agostini & Filippini, 2019;Petrillo et al., 2018;Schneider, 2018),

the key challenge lies in determining its form as no consensus has been reached on its definitions or main factors. Summarising and understanding I4.0 are not easy tasks for several reasons. First, I4.0 is a very recent topic which still lacks definitional and conceptual aspects that might help us to clear the field. Second, I4.0 has been investigated by various disciplines like ergonomics (e.g., Broday, 2020;Kadir et al., 2019), economy (e.g., Braña, 2019;Morgan, 2019), management (e.g., Piccarozzi et al., 2018;Schneider, 2018) or engineering (e.g., Wagire et al., 2020;Zheng et al., 2021) to name a few and the aspects highlighted by researchers vary depending on their field and the interest of the field (Culot et al., 2020;Nosalska et al., 2019).

For example, Nosalska et al., (2019) found that technical papers usually characterize I4.0 through a set of technologies while business-oriented papers describe it more broadly using terms like Fourth Industrial Revolution. Finally, there is a plurality of terms associated to I4.0 such as "Smart manufacturing" or "Smart factory" and some authors make a difference in the level of analysis, thus these related terms seem to refer to a specific application of the I4.0 concept (Ghobakhloo, 2020;Osterrieder et al., 2020). Others like "Industrial Internet" are just taken as synonyms for I4.0. Yet, because their scope is fuzzy, this plurality participates to blur the topic (Vestin et al., 2020).

Even though a lack of consensual definition, several aspects have been elaborated such as technical design principles (e.g., Butt, 2020;Hermann et al., 2016) or human-centred design principles (e.g., Zarte et al., 2020), maturity indexes (e.g., Santos & Martinho, 2019), readiness scales (e.g., Hizam-Hanafiah et al., 2020) or stages of I4.0 (Himang et al., 2020). However, the absence of unique and consensual definition strongly limits theoretical developments and research. As Hermann and colleagues (2016) noted, "this impedes scientific research as any theoretical study requires a sound conceptual and terminological foundation". Given the growing interest of academics and practitioners from multiple discipline for this topic (Kipper et al., 2019;Schuh et al., 2017;Wilkesmann & Wilkesmann, 2018) and the opportunities it brings for organizations (e.g., optimization and monitoring of process, inter-organization collaboration, customized production), it is of the highest importance to reach a conceptual definition as properties, indicators, measures and hypotheses cannot be derived without it (Wacker, 2004).

Besides, this new Industrial Revolution also happens together with radical changes for organizations (e.g., new processes and creation of value) and workers (e.g., new tasks, interactions with new production systems) (Stern & Becker, 2017;Vial, 2019). Yet, the organizational and human aspects of this new work reality have been little examined (Kadir et al., 2019;Schneider, 2018). Although impacts on jobs are widely advocated (Cascio & Montealegre, 2016;Frey & Osborne, 2013), little is known beyond the proportion of jobs at risk of automation and the necessity of upskilling or reskilling programs. Here, we propose that a relevant way for analysing the effects of I4.0 on worka broader conceptualization of employee assignment than jobs (Parker, Morgeson, et al., 2017) beyond the aforementioned is to apply a work design (WD) perspective. WD perspective has already been mobilized to investigate the effects of other manufacturing paradigm shifts (e.g., Parker & Wall, 1998) because it enables to forecast potential effects of objective modifications in the work context on employee outcomes (e.g., psychological states, attitudes, behaviors). According to models of WD (Hackman & Oldham, 1976;Morgeson & Humphrey, 2006), these objective modifications will be perceived by job incumbents and these perceived changes can affect critical psychological aspects (e.g., job satisfaction or meaningfulness). As we shall see later, I4.0 is likely to impact objective modifications in jobs and the work context through, for naming a few, new task assignments, new technological systems and new manufacturing processes. For now, there has been few studies investigating perceived changes in jobs due to these objective modifications (see for exceptions conceptual proposition of Battistelli & Odoardi, 2018).

Whether or not these perceived changes in jobs are triggering significant changes in psychological process at work remains an open question. Indeed, WD models predict that these perceived changes will affect employee motivation (either positively or negatively) and subsequent outcomes such as job performance, work engagement or job satisfaction that are meaningful for organizations. Investigating the impacts of I4.0 implementation from an organizational and work perspective is necessary to offer guidelines to scholars and practitioners regarding WD for not hindering core psychological experiences at work. Besides, some theoretical models have already been suggested to investigate I4.0 from on organizational point of view such as sociotechnical system theory (e.g., Imran & Kantola, 2019;Sony & Naik, 2020) that falls within the WD framework (Parker, Morgeson, et al., 2017). Previous research has investigated the possible changes brought by some technologies such as automation, algorithms or cyber-physical systems (CPS) that can be conceived as components of I4.0 (e.g., Parent-Rocheleau & Parker, in press;Parker & Grote, 2020) but to our knowledge studies examining the potential impact of I4.0 as a whole on perceptions of work are scarce (Battistelli & Odoardi, 2018;Schwarzmüller et al., 2018;Stern & Becker, 2017). This study goes beyond former research by identifying some technical properties that will be examined regarding their potential impacts on WD.

To address the aforementioned gaps, a literature review has been conducted that seeks to answer the following research questions: 1) What is new with I4.0 in terms of characteristics, components or consequences? 2) How is it defined? Then, based on the elements highlighted through the review, this study proposes potential impacts of I4.0 through a WD perspective.

Methodology

To answer our research questions, we conducted a literature review of scientific reviews, mapping studies and definitional articles about the field. Our choice to rely on this material is motivated by our aim in this chapter that is different from traditional literature review. Here, we sought for elements that allow us to characterize I4.0 and the specificities of work in this context. Therefore, the objective is not to offer a reflection about the field and possible avenues for research but to highlight some features that will be significant when questioning employee WD in the I4.0 and that will help us to develop relevant research questions. Hence, we did not focus on our specific discipline in order to have a broader view of the way I4.0 has been investigated and a more extensive panorama of the characteristics investigated.

Our search strategy was based on the combination of the following keywords in the title, abstract or subject: digital technolog*, industrial revolution, industry 4.0, industrie 4.0, digitalisation, digitalization AND review, systematic review, literature review. This search has been performed on Scopus and PsycInfo databases in February 2021. 3866 articles have been identified and a total of 3320 references without duplicates.

For works to be included in our review, the following criteria had to be met: works reported after the Hanover Fair 2011, including an industrial or work impact, with a focus within organizations, providing reflections on I4.0 or its components. Studies were excluded when they were not in English or French, out of the academia field, dealing with a Fifth Industrial Revolution, dealing only with internet or ICT, evacuating the context of I4.0 or digital transformation to focus only on a specific subject (e.g., skills, lean). By reading article titles and abstracts, we have found a total of 59 articles meeting our criteria. Through our reading, we identified 2 additional references that seem to add knowledge to our sample, increasing the total number to 61 articles. The list of articles is detailed in Appendix 1.

Industry 4.0 and Fourth Industrial Revolution: a New Paradigm?

Some scholars have challenged the existence of a Fourth Industrial Revolution by emphasizing either its performative nature (e.g., Jarrige, 2015;Pardi, 2019) or its inadequacy with economic paradigms (e.g., Braña, 2019). Taking an historical perspective, Valenduc and Vendramin (2017) examined the disruptive and revolutionary nature of the digitalization wave we are experiencing. Building on Perez's (2004) technological trajectory, the authors claimed that digitalization is not the beginning of a new Industrial Revolution, rather it illustrates a synergy of innovations and the development of ICT paradigm.

The objectives and content of I4.0 are also challenged. Particularly, Pardi (2019) questioned the possibility of full-automated production lines and advocated that, at least for the automotive sector, full automation is an illusion. Past technological advances in this sector have demonstrated that automation is appropriate for low-variability production. Since I4.0 should allow customized production (Pereira & Romero, 2017) implying high variability, fullautomated production lines are not suitable for that purpose. According to the author, human teams have proved to be more efficient in managing complex processes that require high flexibility. Regarding its content, Valenduc and Vendramin (2017) noted the resurgence of old topics investigated previously like flexible work which is today re-labelled "virtual work".

Besides, the technologies currently implemented in organizations are not new. First developments of artificial intelligence (AI) can be found in the 1950's (McCarthy et al., 2006), approximately the same period for augmented reality (Egger & Masood, 2020). Although the technologies are not totally novel, their properties and their industrial applications are, thus offering new possibilities. For example, AI has evolved with machine learning and is now able to learn and set the rules of the program thereby initiating its own standards (Glikson & Woolley, 2020). The new properties activate challenge in organizations by pushing the possibilities of automation further. While automation cannot deviate from its predefined program and is thus suitable for routine process (e.g., repeated physical tasks), AI imitates some parts of cognitive human skills and may thus automate nonroutine process and tasks (Tschang & Almirall, in press). Another example is the growing computing property of technologies that allow to go beyond the description of phenomenon and its diagnosis to predict it pretty accurately (O'Donovan et al., 2015). This enables the emergence of predictive maintenance which helps to prevent failure, deterioration or breakdown (Silvestri et al., 2020) and might be very beneficial for decision-making as employees can anticipate the occurrence of undesirable events and schedule actions to avoid their happening.

Novelty also emanates from the interconnection between all technologies (Klingenberg et al., 2019;Vial, 2019). Thanks to their convergence, it may be possible to generate, collect, process and analyse a large volume of digital data in a short time thus procuring real-time feedback upon processes (Napoleone et al., 2020). Going back to maintenance, the combination of all these properties (i.e., the acquisition, access and processing of a large volume of real-time data) may support the monitoring of actual asset health (Silvestri et al., 2020). Other scholars highlighted the fact that these properties and the resulting information can be used to improve the processes and create new value from it (e.g., Klingenberg et al., 2019). Related to the interconnection, some scholars advocating a disruption with I4.0 recognize the ubiquitous character of technologies in the everyday life (e.g., Cascio & Montealegre, 2016;Schwarzmüller et al., 2018): people are highly and continuously connected with their environment as technologies permeate every interaction. This implies that inside and outside the organization our interactions are mediated by technologies.

Whether I4.0 illustrates an entirely new paradigm or is an extension of a former one, some changes in the domain of work have been spotted. Apart from a relabelling process, Valenduc and Vendramin (2017) also acknowledged new forms of work outside the formal organizational frontiers like crowdworking or on-call work enabled by the existence of platforms and mobile apps. These forms of work are modifying the employment relationship and how people work. For instance, crowdworkers execute micro-tasks that can last only few minutes, have few or no interactions between them and customers or with the platform owners and are managed algorithmically (e.g., Duggan et al., 2019). Meanwhile inside organizations, some changes are taking place such as new production methods like additive fabrication that implies a very different kind of manufacturing through adding successive layers instead of classical subtracting. This new production method has impacts on process and the production line. For instance, it offers a great flexibility for product design as revisions on the 3D model are instantaneously implemented without any changes in the production process being necessary (Pour et al., 2016). For Zonta et al., (2020), production lines, machines and components can be distinguished from the former ones by new features: their self-awareness, self-predictability and self-configuration among other things. New business models are also arising relying on close relationship with customers, thus modifying value networks (e.g., cocreation with customers) (Vial, 2019). Value creation is extended too : through the use of digital data, original products and services are offered like proposal of personalized services based on one's habits (Vial, 2019). Therefore, in addition to the traditional mass production, a new production can emerge (i.e., personalized production) that is more customer-centred (Guo et al., 2020). Other changes in the work environment (e.g., greater presence of robots at the workplace) or regarding human resources (e.g., skill development) are expected (e.g., Pereira & Romero, 2017).

In accordance with several authors, digital data and its increasing availability is the main element that characterizes the current context, gives it a novelty character and can be considered as a strategic resource for organizations (e.g., Klingenberg et al., 2019;Valenduc & Vendramin, 2017). This growing availability is expressed through the term "Big Data" which "represents the large quantity of data, structured and unstructured, from machines, products, components and people" (Klingenberg et al., 2019). Therefore, today organizations possess a huge amount of data and at the same time have the analytic property of computing and processing them for their benefits. This new possibility pushes organizations to modify their process to integrate digital data even when producing physical goods either by proposing a digital service or by learning from digital data and improve the process. For Klingenberg et al., (2019), using digital data for value creation is the aim of I4.0, leading to a new paradigm which is a data-driven paradigm. Other authors rather refer to information and its transparency to talk about the novelty of the phenomenon (e.g., Kuusisto, 2017;Wichmann et al., 2019). Yet, information can be considered as deciphered data in comprehensible terms. [START_REF] Hilbert | Digital technology and social change: the digital transformation of society from a historical perspective[END_REF] makes a bridge between the two views by stating that the actual age aims at turning data into "actionable knowledge".

In sum, although I4.0 may strictly not be a new Industrial Revolution, some changes may be witnessed in the forms of work, in the way organizations create value and the way work is organized inside organizations. However, these changes are at their infancy as I4.0 has not yet fully permeated organizations and disrupted them (Piccarozzi et al., 2018;Simoes et al., 2020). To illustrate its complex nature, Calabrese et al., (2021) proposed to conceptualize I4.0 both as an evolution and a revolution. Its technological enablers are a continuation for improving production processes, therefore from an operational point of view I4.0 can be seen as an evolution; but they also offer opportunities to revolutionize organization core business and value proposition.

1.4

Clarifying the Concept of I4.0

When looking to the way I4.0 has been defined, no consensus seems to emerge. For example in their review Culot et al., (2020) distinguished 42 different definitions. Same observation can be made for one of its synonym digital transformation for which 23 unique definitions have been found (Vial, 2019). I4.0 is sometimes referred as a period (e.g., Broday, 2020) or a philosophy (e.g., Oztemel & Gursev, 2018) but mostly as a concept (e.g., Nosalska et al., 2019) that comprises a set of other terms. Therefore, it is occasionally cited as an umbrella term (e.g., Pereira & Romero, 2017;Waschull et al., 2020) and mainly described as a paradigm shift (e.g., Chiarello et al., 2018;Davies et al., 2017;Maghazei & Netland, 2017). Important to reckon is that literature has treated I4.0 more broadly than its technological component and cannot be reduced only to it.

Different strategies have been used to describe I4.0: through its components or design principles (e.g., Abdirad & Krishnan, 2021), its technological enablers (e.g., Silvestri et al., 2020), or its aim (e.g., Hoyer et al., 2020). For instance, I4.0 may have been defined as "a concept that focuses on automation, digitalization, and networking in companies" (design principles, Abdirad & Krishnan, 2021), that "consists in the introduction of Cyber Physical

Systems and the Internet of Things and Services into core manufacturing processes" (technological enablers, Silvestri et al., 2020), in order "to create an environment for businesses in which all entities are connected to facilitate decision-making processes and to become more efficient, responsive, and resilient" (aim, Hoyer et al., 2020). Regarding the objectives of I4.0 (or the related terms), there is a general agreement on organizational process optimization and efficacy and performance improvement (Nazarov & Klarin, 2020;Nosalska et al., 2019;Sestino et al., 2020;Simoes et al., 2020).

More broadly, definitions of I4.0 can be discriminated in two trends: some definitions point to the technical or technological aspects of I4.0 whereas others are more interested in its business aspects (Nosalska et al., 2019). Although technology is a main component of Industrial Revolution (Klingenberg et al., 2019), both aspects are important because technological change is never just a technological process but also a managerial and organizational phenomenon.

Technical and technological aspects seem to be mature as they are investigated in most scientific papers while the business or organizational aspects are understudied (e.g., Schneider, 2018;Wagire et al., 2020). Frequent technical emphasized aspects enabled by technological advance are: autonomy or decentralisation (Beier et al., 2020;Hermann et al., 2016), connectivity, communication or interoperability (Caiado et al., 2021;Culot et al., 2020;Vestin et al., 2020), real-time capacity (Da Silva et al., 2020;Frazzon et al., 2020;Vestin et al., 2020) and modularity or reconfiguration (Culot et al., 2020;Ghobakhloo, 2020). Autonomy principle is sometimes underlined as the desired end of the I4.0 concept, thus the aim of I4.0 would be to move from automated systems to autonomous ones (Rejikumar et al., 2019). This principle promotes the ability for production systems to make decisions on their own without external requisite for better reactivity. Often considering for production system only, decentralized decisions could be applied both for humans and for machines (Culot et al., 2020;Hermann et al., 2016). These decentralized decisions can be fostered by communication networks.

Communication aspect stresses the increased connection between all agents (i.e., humans and non-humans) as well as collaboration possibilities enabled by these interactions.

Communication is more often used when talking about human interactions (either humanmachine interaction or human-human interaction) whereas interoperability is used when referring to connection between systems or technological components. Indeed, interoperability describes the possibility for two or more components to share information and to use it (Clauss & Schumann, 2020). In the same way, connectivity has been sometimes conceived as communication between humans and technological entities (e.g., Hermann et al., 2016) and thus can be used interchangeably with communication and other times as data acquisition through the interaction of technological entities with the environment (e.g., Lee et al., 2015).

Some changes in the interaction and communication patterns in organizations might be excepted with possibilities of real-time data. Real-time capacity is the ability to generate, collect, transfer and capitalise upon real-time data by analysing them immediately. Having a continuous flow of information exchanged between humans and technologies may enhance requirements of faster responses and better reactivity. Finally, modularity or reconfiguration refers to the dynamic capability of elements in production lines or in business process to vary and be flexible for adapting to ever-changing circumstances. This list is not exhaustive (for reviews see Hermann et al., 2016;Nosalska et al., 2019;Vestin et al., 2020) as depending on the authors these design principles are numerous and labelled differently but there is in fact low variability across them (Culot et al., 2020).

For circumscribing I4.0, a helpful strategy may be to discard ambiguous terms that have varying definitions (e.g., CPS) or no shared meaning (e.g., "smart") in order to distinguish some common features or patterns. Respecting scientific recommendations for conceptual definitions, Vial (2019) elaborated the following definition of digital transformation: "a process that aims to improve an entity by triggering significant changes to its properties through combinations of information, computing, communication, and connectivity technologies" (p.118). Digital transformation and I4.0 are sometimes used interchangeably (Ghobakhloo, 2020;Mariani & Borghi, 2019;Savastano et al., 2019) and sometimes evoked alone without mentioning the other (Foerster-Metz et al., 2018;Kuusisto, 2017). Culot et al., (2020) noted that the former is preferred in studies acknowledging business impacts of the phenomenon.

Here we propose to consider the digital transformation as a process and a first step towards the advent of I4.0.

Besides, the definition seems to address both organizational and technical aspects. In doing so, this proposition may fit with all disciplines and the understanding may be similar across studies. When having an organizational focus, it can be defined as a process that aims to improve an organization by triggering significant changes to its properties (at the organizational, team and individual level) through combinations of information, computing, communication, and connectivity technologies. Surprisingly, Vial (2019) refers to "information, computing, communication, and connectivity technologies" as capacities, yet it is important as psychologists to not confuse them with human capacities. Even if these technical capacities can support the development of human capacities, the author uses the term capacities as a synonym for properties that will be used hereafter. Moreover, Vial (2019) did not define each properties, thus the choice may seem arbitrary. However, throughout this review these properties have been outlined. In the design principles, connectivity and communication have been defined. Here they will not be treated as synonyms, otherwise they are redundant and should be blended.

Connectivity refers to the possibility for technological entities of interacting with the physical environment to acquire data and communication describes the possibility of transferring data through human networks, technological networks or between human-technology networks.

This review has also highlighted the computing property that refers to calculation and analytical capacities of technologies and the information property that can be related to the conversion of data into understandable and usable information for employees (Lee et al., 2015) through the new value creation in organizations. These four properties are similar of those highlighted by Klingenberg et al., (2019) that have identified the following: data generation and capture (connectivity), data transmission (communication), data conditioning, storage and processing (computing) and data application (information). The authors suggested that the combination of all properties characterizes CPS.

Although this definition is interesting to start unravelling the coming phenomenon, the "triggering significant changes" are still undetermined. The challenge for scholars would then be to characterize the four properties (i.e., information, computing, communication and connectivity) and their combination to understand the changes they produce in the organizational setting and to examine the potential original and unprecedent work situations that may emerge from these changes. Drawing on the WD framework, these changes can in turn induce some modifications on the psychological experiences of employees at work.

A Work Design Perspective of I4.0

WD refers to "the content and organization of one's work tasks, activities, relationships, and responsibilities" (Parker, 2014, p.662). The concept does not capture the objective content and organization of tasks but the subjective evaluation of it. While the subjectiveness of the concept can be criticized, it actually has been found that perceptions about one's work are based on reality (e.g., Fried & Ferris, 1987) 2015). For instance, social media context offers access to new and larger networks and enables to reach broader range of people. It also fosters the possibility of real-time information as latency is shorter for sharing content. Former studies have also shown that when the amount of information conveyed by ICT exceeds human capacity for processing it, information overload occurs that can produce fatigue (e.g., Wang et al., 2020). Since real-time capacity has also been advocated as a feature of I4.0, enabled particularly by machine-to-machine communication (e.g., Culot et al., 2020;Vestin et al., 2020), the effects of continuous information flow can still be effective. As regards for the impacts of human-technology communication and machine-tomachine communication, little is known. For instance, collaborative robots are supposed to execute tasks conjointly with employees, creating new forms of collaboration. Despite a lack of empirical research about collaborative robots, lab experiments indicate that autonomous technologies are perceived as a threat (Stein et al., 2019;[START_REF] Złotowski | Can we control it? Autonomous robots threaten human identity, uniqueness, safety, and resources[END_REF] probably because they reduce human perception of control over them. Moreover, robots have been found

to decrease human sense of agency -defined as having the perception of controlling both one's body and environment (Ciardo et al., 2018). Given these elements, the impacts of humantechnology interactions on job autonomy should be examined, especially if technological entities in I4.0 are allowed to make decisions without human intervention (Cimini et al., 2020;Vestin et al., 2020). Finally, machine-to-machine communication may facilitate work operations as it frees some time and cognitive resources for employees when dealing with different platforms or systems. Therefore, it can help employees to execute their tasks more efficiently.

Computing property also provides more information to employees that can modify one's structure of knowledge and schemas and thus enables learning. This property can also induce more demands for constant learning in jobs. Besides, today technologies have great analytical capacities which exceeds human ones in specific tasks (Aoki, 2020). Human niche competences can thus be redundant and outperformed by technologies with such properties. Consequently, general expertise may be favoured in the future. Greater technological analytical capacity can lead to design work with less requirement of specialization as specialized tasks comprised in jobs could be handled by these technologies.

Information property is about turning data into information. For doing this, predetermined standards known or unknown by employees are likely to be set up. Data will be interpreted based on these standards and the output will be univocal. Therefore, it might stimulate less exchange and interaction around reading data and interpreting it between team members. By making work situations less equivocal, this property can impact sensemaking that refers to the process through which people try to clarify a situation by extracting and interpreting cues from the environment (Maitlis & Christianson, 2014;Weick, 1979). Through sensemaking people act to shape and create their reality, that is acknowledged as an agentic bottom-up process for redesigning work (Parker, Van den Broeck, et al., 2017). If work events become less equivocal, employees will engage less in sensemaking process and as a result, will have less opportunities for influencing their WD.

The four properties may not have the same effect on WC when considered as a whole than taken in isolation. When combined, these properties can ease and support decision-making by executing a first data treatment and notifying some information, although some biases and heuristics have been identified when relying on technological properties for making decisions or interpreting data (e.g., Bolin & Andersson Schwarz, 2015;Skitka et al., 2000). Through these properties and their combination, organizations in the I4.0 paradigm become more complex.

Scholars have advocated that complex technological entities can bring out opacity (Burrell, 2016;Mittelstadt et al., 2016;Parker & Grote, 2020), as well as the large amount of available information (Stohl et al., 2016). Opacity can emanate from a lack of technical literacy as currently few people are equipped to understand and deal with work systems that are able to acquire, transfer, communicate, analyse and convert data (Burrell, 2016). It can also be generated by the inherent functioning of technologies that are comprised in I4.0 such as machine learning algorithms (Burrell, 2016): deciphering rules applied by machine learning algorithms is difficult as they may evolve during the training process and as their decision logic can be beyond human comprehension. As reported by Parker and Grote (2020), in flight automation field the opacity of automated operations creates less operational visibility, understanding and predictability for pilots which are prerequisites for human control (i.e., job autonomy). Similar outcomes may arise in the context of I4.0 because of its potential sources of opacity (i.e., lack of technical literacy, technological functioning of machine learning). In I4.0, employees may deal with complex work systems over which they may have little visibility and understanding. Therefore, it might limit their decision-making autonomy.

Discussion

This chapter reviews the existing literature of I4.0 for clarifying some issues around it.

The subject draws scholar and practitioner attention and studies examining I4.0 and its related concepts are spreading (Kipper et al., 2019). However, this emergent and growing concept still needs development as it is not yet clearly defined. Even though several definitions have been reported, there is a high ambiguity around it (Culot et al., 2020). So far, what is known about I4.0 is that it involves an evolution in technical and organizational aspects that must be equally considered. Although some technical aspects are well defined like design principles, I4.0 concepts lack of clearness which blurs scientific understanding.

Theoretically, this review brings various contributions to the I4.0 field. Firstly, we suggest to study digital transformation as a first step of I4.0 and rely on a conceptual definition that consider both the technical and organizational aspects of the transformation. Digital transformation and I4.0 may be conceived as covering the same phenomenon but it is possible that extra proprieties will later emerge as I4.0 will diffuse. In considering digital transformation as a starting point, scholars can gain understanding of some features that might be similar to those engaged in I4.0 but also of divergent factors. Secondly, we have highlighted some characteristics that distinguish I4.0 to former Industrial Revolutions. I4.0 contains a complex nature denoted through the complexity of its technological enablers (e.g., machine learning) but can also be an organizational feature (e.g., communication of every entityhuman and nonhumancontinuously and in real-time, physical process informed by digital ones). Data is the core element of I4.0 which is increasingly utilized and becomes something valuable for organizations. Besides, technologies in I4.0 are not simply a medium or a platform but seem to embrace a more active role since they can directly contribute to team performance (Larson & DeChurch, 2020). Thirdly, the proposed definition helps us to identify four technical proprieties namely connectivity, communication, computing and information which are susceptible to modify work aspects separately or combined (i.e., opacity). Further work will be needed to examine whether these characteristics are triggering significant changes in psychological process at work.

If I4.0 is anticipated (Hermann et al., 2016), it is not surprising that so many hurdles exist as it does not reflect yet an empirical phenomenon that can be defined, delimited and characterized. For many authors, I4.0 will arise from the implementation of CPS and/or Internet of Things in industrial processes (e.g., Abdirad & Krishnan, 2021;Liao et al., 2018;Rejikumar et al., 2019) which are not effective today (Napoleone et al., 2020). Because it may not so far have a reality, it can be struggling to fully understand and predict its implications for organizations and workers and make recommendations to support the transition towards I4.0.

However, organizational disciplines can shed some light on I4.0 with former theoretical frameworks though they will need to be adapted. To begin untangling this issue, we mobilized the WD framework and proposed that the previous characteristics and their combination may trigger some changes in employee outcomes through their potential impacts on WC.

Here, we have shown the possible impacts of technical properties emphasized in the literature on some WC. Our propositions may also have some implications for employee proactivity when interacting with technological entities. Proactivity is defined as "taking initiative in improving current circumstances or creating new ones; it involves challenging the status quo rather than passively adapting to present conditions" (Crant, 2000, p.436). Previous works have identified knowledge and abilities as determinants of proactivity (Fay & Frese, 2001). In the I4.0 context, work demands will evolve, and employees will need to adapt their skills or acquire new ones (e.g., technical literacy). Employees who are lacking such skills are less likely to interact effectively with the implemented technologies in order to execute their tasks. Thus, their sense of self-efficacy may be lowered (Bandura, 1997). In their model of proactive motivation, Parker et al., (2010) distinguished some motivational states that can fuel employee proactive goal-setting such as self-efficacy and control appraisals or what is called "can do" motivation. Before setting a proactive goal, employees will evaluate the likely outcome of their actions and the chance that their actions will lead to the desired outcome. As employee sense of self-efficacy can be impeded in the I4.0 context, the perceived likelihood of reaching desired outcomes may be lessened, thus impairing proactive goal-setting. Likewise, Bolin and Andersson Schwarz (2015) suggested that the lack of knowledge and understanding when interacting with technological entites (i.e., algorithms) may hamper human agency: if technological inputs are not fully understood, employees are less likely to contest them.

Besides, the fact that technological judgment is better perceived than human judgement (Skitka et al., 2000) may decrease contestation attempts as the perceived rate of success of change propositions could be diminished. As previously mentioned, autonomous technologies because of their opacity or their latitude may also reduce the perception of control appraisals on work and therefore the perception that employees can influence work outcomes. Regarding this, we propose that because employees in the I4.0 context may have little mastery, understanding and/or control of technologies they will collaborate with, it may be hardly possible for them to make suggestion and change work aspects. However, this could be a temporary effect since employees will acquire the necessary knowledge and abilities through their interactions with technologies as part of work-based learning (Nikolova et al., 2014).

Limits

The lack of empirical studies about I4.0 in work and organizational psychology did not allow us to conduct an in-depth literature review. To date, the field of I4.0 is still in a developmental and construction stage that needs to be informed by field studies. Other disciplines have started to explore the subject and currently we rely on their results to build an understanding of psychological implications of I4.0. As a result, this doctoral work presents various field studies to unravel its psychological consequences.

Chapter 2 -How Digital Technologies Modify The Work Characteristics: A

Preliminary Study1 

Introduction

Work has an evolving and moving aspect (Howard, 1995;Zuboff, 1988), as evidenced by the diversification of current forms of work (e.g., workers in gig economy) and more flexible work methods (e.g., teleworking) suggesting that the nature of work is changing. Many factors may explain this change in the nature of work: technological advances, growth of international exchanges in the context of globalisation, new organizational models such as "flat" organizations (Grant et al., 2010). Among them, technological advancement has raised a lot of interest as major breakthrough has emerged like the test of a completely autonomous car by Tesla or the development of a robotic hand with high dexterity. These issues shifted from whether technology is automating the activities or informing the worker (Zuboff, 1988) to how far the automation will go (Frey & Osborne, 2013) and how an efficient collaboration between technology and humans can be conceived (Shneiderman, 2020).

As it has been noted, new technologies can be a double-edge sword for the employee (Ackerman & Kanfer, 2020), thus it is necessary to think about the consequences of their introduction in the workplace. However, the scientific literature still has little knowledge of how technologies are changing work systems (Barley, 2015). Some research has focused on how technologies are changing employee professional identity (e.g., Eriksson-Zetterquist et al., 2009), relationships at work (e.g., Barley, 2015) or the work context (e.g., McFarland & Ployhart, 2015). Nevertheless, these studies focused on information and communication technologies (ICT). As pointed out by some authors (e.g., Brynjolfsson & McAfee, 2014;Schwab, 2017), we have entered a new Industrial Revolution marked by the digital age and characterized by new so-called digital technologies (e.g., artificial intelligence, drones, virtual reality). While the literature knows little about the effect of technologies on work and organizations, it knows even less about the effects of digital technologies with some exceptions (e.g., Plesner & Raviola, 2016;Schwarzmüller et al., 2018).

While it may be difficult to study the effect of technologies in isolation from other drivers of change, the field of work design (WD) as a measure of the micro-context of work (Johns, 2010) allows to examine the effects of technology introduction on work characteristics (WC) (Parker & Grote, 2020) by capturing the motivational, relational and contextual aspects of work. In addition, some authors point out that changes in organizations make the study of WD even more relevant (Richter et al., 2018;Schneider, 2018). By understanding what is actually changing in employees' work, it will be possible to optimize the introduction of digital technologies (Parker, Morgeson, et al., 2017;Parker & Grote, 2020).

The objective of this study is to understand the changes that digital technologies can bring in WC using a conceptual framework and to reveal them through interviews. The research questions that motivated the data collection are: 1) what are the changes that the introduction of digital technologies brings in the WC, 2) what are the perceived consequences of these changes on their work. Answering Schneider's (2018) call, we used a qualitative methodology to better understand the implications of the digitalization on one's role.

We will first present digital technologies and the conceptual framework we have chosen to study them. Secondly, we will introduce the WD model and suggest some modifications that digital technologies may bring on WC. We will then present the qualitative method followed and illustrate these proposals with the analysis of interviews. Finally, we will conclude by reflecting on the way in which digital technologies influence WD. The contribution of this article is first to display which type of changes digital technologies can bring to WC based on the employee perception of agency in technologies, and second to propose suggestions to the model of WD.

Theoretical Background

Digital technologies

Technologies are drivers of change in organizations (Zammuto et al., 2007). Today, new technologies are introduced in organizations such as Big Data, drones or artificial intelligence and are changing the way of working (Cascio & Montealegre, 2016). Operators with augmented reality devices which superimpose digital elements on physical objects are appearing in factories. In the maintenance sector, equipment with sensors that send continuous data on their health status allows the emergence of a new form of maintenance (i.e., predictive maintenance)

based on the analysis of past data and predictions (Lughofer & Sayed-Mouchaweh, 2019). In the medical field, hospital staff is confronted with new intelligent assistants (i.e., artificial intelligence) helping them to make diagnoses or propose treatments (Jiang et al., 2017;Powles & Hodson, 2017).

According to some authors, these advances are part of a new era, the digital era, activated by a 4th Industrial Revolution (e.g., Schwab, 2017). After the steam engine, electricity and ICT (Pozdnyakova et al., 2019), digital technologies could bring radical changes in organizations due to their omnipresence (Cascio & Montealegre, 2016), complexity and increasing integration (Battistelli & Odoardi, 2018). The topic of digitalization is of interest to both practitioners (e.g., Schuh et al., 2017;Yoo et al., 2010) and scientists (e.g., Brettel et al., 2014;Waschull et al., 2020) and has received much attention in the last decade (Kipper et al., 2019). The academic community has tried, among other things, to highlight the differences between this 4th Industrial Revolution and the previous one (Parker & Grote, 2020;Schneider, 2018). In particular, digital technologies seem to be endowed with novel capabilities such as artificial intelligence that can solve problems and learn (Oh et al., 2017). Moreover, while previous technologies can repeat automated sequences according to the way they have been programmed and produce information about the process performed (Zuboff, 1988), digital technologies can introduce variability in the repetition of automated sequences by changing their scripts by themselves (Murray et al., 2021). Finally, systems integration could be another property differentiating this digital era (Kohler & Weisz, 2016 ;Schneider, 2018): whereas previously the different technological systems were not able to connect to each other, digital

technologies allow them to exchange information but also ensure communication between people, machines and objects (Hermann et al., 2016).

According to the authors, the technologies that can be labelled as digital differ (e.g., Oztemel & Gursev, 2018;Petrillo et al., 2018;Salkin et al., 2018). Some attempts to classify them have been proposed (e.g., Inkermann et al., 2019;Wilkesmann & Wilkesmann, 2018).

Among the classifications based on a theoretical framework, the work of Murray et al., (2021) is distinguished by its approach neither totally technology-centred nor totally human-centred (Wang et al., 2020). Their classification is based on the framework of routine (Feldman, 2000) which is seen as both a source of stability and flexibility because the automation of behaviors taken. Drones help by allowing the pilot to easily access hard-to-reach places (Irizarry et al., 2012). Immersive virtual reality devices allow people to move independently in a fully simulated reality (Suh & Prophet, 2018). These devices are widely used for training. During a training activity, the learner can perform the right gestures and learn organizational procedures based on feedback. Finally, exoskeletons are a kind of artificial prosthesis that supports and accompanies the employee's gestures (Lupushor & Fradera, 2017) so that the employee performs them in an appropriate posture, thus limiting physical risks. Exoskeletons are not robots and do not perform any movement without being initiated by the employee.

Augmenting technologies

They do not reproduce sequences of human action but can develop other sequences which they submit to the human agent. They offer active assistance by making recommendations and thus possess a certain degree of agency but do not establish what to do.

They are called augmenting technologies probably because they increase one's capacities and senses. Analytical technologies (i.e., Big Data, structured artificial intelligence) that collect, process, analyse, and make inferences about large volumes of data can be classified in this category (Salkin et al., 2018). They thus complement human practices by detecting trends in these data from numerous and complex computations that are humanly difficult to perform, by proposing recommendations based on these analyses, and by leaving the final word to the human agent. Augmented reality devices add virtual elements to physical reality, and can detect and scan objects present in the environment in order to provide relevant information to guide action or offer technical support (Jetter et al., 2018). It does not determine what to do but executes vocal or gestural commands given by the human agent.

Arresting technologies

These technologies select and implement pre-planned actions when preset conditions are met. They are limited by their program to specific procedures and tasks and shall not deviate from them. A human-technology collaboration can take place where humans delegate the task to the technology and the technology stops when the conditions for implementing the program are not met and lets the management of exceptions to humans. The authors of the classification include the blockchain in this category. In particular, blockchains are used for contract elaboration between actors and are governed by rules, established by the actors or creators of the blockchain (Mendling et al., 2018). Some are based on "if-then-else" algorithms, as is the case with robotic process automation (RPA). While blockchains can be used for procedures at the inter-organizational level, the application of RPA is at the task level (Mendling et al., 2018).

Contrary to its name, RPA is not a physical robot but a program that uses the same interfaces as the employee and reproduces the sequences that the employee performs. Usually, the program code tries to anticipate the most common situations encountered and the subsequent actions to be taken. Thus, human action is only required when the situation encountered has not been anticipated. Finally, the 3D printer is a versatile production system that involves neither tools nor moulds except the printer and which can produce a physical object from a 3D model (Weller et al., 2015). It is able to produce the object from the 3D model and the preset sequence, but cannot define autonomously the quantity to produce or the actions that have to be taken to improve quality.

Automating technologies

Like arresting technologies, this type of technology is able to select actions, but it is programmed to perform a sequence of actions without the need for human intervention.

Moreover, like augmenting technologies, these technologies are able to develop new ways of doing things by collecting and analysing a large amount of data. These technologies are equipped with learning capabilities that enable them to correct the analyses they perform and optimize work processes. It is therefore possible that the sequences of action they are able to perform may change as they learn. For the authors, they substitute the human agent insofar as they can manage routine practices. Artificial intelligence based on unstructured data (i.e., which can process other types of data than data frames) can be classified in this category. It differs from artificial intelligence based on structured data by its independence in information retrieval, protocol formulation and execution, and learning. This independence has setbacks since it can lead to the development of poorly performing protocols. Applications of this artificial intelligence can be seen in autonomous production systems or automated guided vehicles (AVGs) operating in workshops or warehouses. In the latter example, the program learns the shop floor plan and calculates the fastest way to get from one point to another. In warehouses such as Amazon's, the program can simultaneously manage hundreds of autonomous vehicles carrying goods to optimize each vehicle's way based on others.

It should be noted that this suggested technology classification is not a fixed framework.

The categorization of technology depends on its purpose, the functionalities that are integrated and its use. Moreover, digital technologies are characterized by their increasing interconnection, so it is possible that the implementation of a digital technology may be accompanied by the joint introduction of other technologies. Therefore, one might consider their overall effect on work instead of their separate effects.

Work Design Model

Any impacts that these technological changes may have on work can be captured within the framework of WD (Parker & Grote, 2020). Indeed, it captures "the content and organization of one's work tasks, activities, relationships and responsibilities" (Parker, 2014) and highlights WC that motivate employees. WD models postulate that WC contribute to job satisfaction and performance (Hackman & Oldham, 1975) which is supported by meta-analyses (Fried, 1991;Humphrey et al., 2007). Although the original WD model only took into account elements relating to individual tasks, the models developed successively sought to answer the limitations addressed and were enriched by multidisciplinary work (Campion, 1988). Thus, the most complete model validated to date entails four main categories and twenty-one sub-dimensions (Morgeson & Humphrey, 2006). Task characteristics refer to "how the work itself is accomplished and the range and nature of tasks associated with a particular job" (Morgeson & Humphrey, 2006, p.1323). They include the dimensions developed in the original model (Hackman & Oldham, 1975), namely autonomy, task significance, task variety, task identity and feedback from the job. Knowledge characteristics refer to the cognitive processes, skills and abilities involved in the work and include the dimensions of complexity, specialization, problem solving, information processing and variety of skills. Social characteristics relate to the interpersonal dimensions of work such as interdependence, feedback from others, social support and interactions outside the organization. Finally, the work context characteristics relate to the elements that make up the work environment and the physical efforts that one has to make. They include physical demands, working conditions, ergonomics and equipment use. A meta-analysis showed that this enriched model explains some of the variance in results beyond traditional characteristics (Humphrey et al., 2007).

The WD literature has shown that technologies influence the way work is designed both directly and indirectly through managerial decisions about their introduction (Kemp & Clegg, 1987;Parker, Van den Broeck, et al., 2017). Technologies put significant constraints on WD and thus constitute contingency factors (Morgeson & Campion, 2002). Different technologies have been studied by WD researchers. For instance, Parker and Wall (1998) studied the implementation of modern manufacturing technologies (e.g., just-in-time production, total quality management, advanced manufacturing) and hypothesize that these technologies enhance cognitive demands, accountability and interdependence. They suggest that in uncertain work contexts, decentralisation of decision-making should be favoured in order to control variations at their source. More recently, Wang et al., (2020) have reviewed the effect of ICTs on WC and highlight mixed effects on work demands, autonomy and social relations. Finally, in the context of digitalization, Waschull et al., (2020) made hypotheses regarding the modification of WC. These studies provide insights into how digital technologies could affect WC. Nonetheless, the scientific literature highlights the need to update models to reflect changes in the nature of work (McFarland & Ployhart, 2015;Oldham & Hackman, 2010). Some research has focused on the WC of workers in the gig economy (e.g., Deng & Joshi, 2016;Schroeder et al., 2019) while others have focused on how virtuality affects WC (e.g., Gibson et al., 2011). These have led to the identification of new context-specific WC, which is why the aim of this study is to understand the modifications of digital technologies on the already-known WC of work, but also to highlight new characteristics specific to the digital work context. Based on the development of the previous typology, we will suggest some modifications induced by the different types of digital technology on the WC established by the literature. Table 2 represents a summary of our propositions. Then we will try to highlight potential new features of the work on the basis of the literature.

Task characteristics

Autonomy is a fundamental task characteristic. Indeed, the different conceptual and theoretical frameworks have always given a crucial place to autonomy (i.e., the level at which the employee has the freedom to decide in his work) as it is a fundamental need of individuals ( i.e., self-determination need, Deci & Ryan, 1985). It might reduce the deleterious effects of organizational change (Trist & Bamforth, 1951) and is seen as a resource for preserving employee health (e.g., Demerouti et al., 2001;Karasek, 1979). In the model, autonomy consists of three sub-dimensions: work method, work scheduling and decision-making autonomy (Morgeson & Humphrey, 2006). Empirical work has shown that technologies allow employees to decide when, where and how they work (Xie et al., 2018), thus contributing to the increasing perception of autonomy among employees. However, these technologies may constrain the level of autonomy by allowing the monitoring of employee actions through electronic surveillance devices (e.g., Sewell et al., 2012).

The perceived autonomy can be directly influenced by the sharing of action selection and protocol development between human and technology. Indeed, action selection can relate to autonomy in decision-making and is the means through which intentionality is expressed.

Intentionality is a fundamental property of agency; through action plans and strategies to achieve them, people seek to influence their environment (Bandura, 2008). Protocol development can relate to work method autonomy. As with action selection, the development of protocols is a means by which the employees exercise control over and modifies their environment. When these capabilities are offered to technology then humans can feel that they are not the origin of actions since they don't decide. The more human agents answer to the actions prescribed by the technology, the more their sense of self-determination at work may diminish. In many situations the employee is not always agent and this has few consequences.

However, when employees work with technologies that appear to be invested with human capabilities (i.e., decision support), biases may appear (Parasuraman & Manzey, 2010;Skitka et al., 2000). In particular, Skitka et al., (2000) highlighted that the employee can make mistakes by following incorrect procedures or recommendations from technology and not checking them. In investing the psychological mechanisms, they noted that this bias can be explained by the belief in the superiority of technological judgment over human judgment. This mechanism could be reinforced by the belief that technologies are objective and therefore capable of making decisions as fair and trustworthy as managers (Lee, 2018). These studies show the drawbacks of non-agency in work situations: if the technology has the ability to select actions and develop protocols, then the human agents can rely on the actions taken or recommended by the technology and reduce their involvement in tasks.

Based on these elements, it seems that technologies that do not have these abilities have little influence on the employee autonomy. When technologies are endowed with agentic traits (i.e., protocol development or action selection), autonomy can diminish because the employees are likely to develop a bias that makes them rely more on the technological judgments and suggestions than on their own judgments. Technologies that are equipped with both capabilities substitute the human in the task, so employees working in the substituted jobs can perceive a total replacement and thus a strong decrease in their autonomy.

Proposition 1: Digital technologies with agency capabilities (i.e., augmenting, arresting, automating) will change the perception of autonomy

Knowledge characteristics

The level of knowledge appears to be increasingly important in work due to the growth of a knowledge-based industry and the increasing complexity of jobs with more cognitive demands (Grant et al., 2010). Indeed, work demands in the post-industrial information age are more cognitive than physical (Howard, 1995). Research has shown that ICTs can induce more cognitive demands (e.g., information overload) but also new demands at work (e.g., demand

for continuous learning, multitasking) (e.g., Saunders et al., 2017;Xie et al., 2018). The Eurofound (2018) study showed the evolution of four industrial jobs in which new technologies have been implemented. The results showed, among other things, an increase in intellectual tasks in these jobs. For example, employees must now document incidents and problems encountered or assess progress towards achieving objectives.

While technologies can perform low complexity tasks, they can increasingly handle complex tasks (e.g., Battistelli & Odoardi, 2018;Parker & Grote, 2020). According to Waschull et al., (2020), they can manage the functions of human information processing (i.e., information acquisition, information analysis, decision selection, decision implementation) as well as innovation. They can therefore substitute humans for tasks involving information processing and problem solving.

Technologies with only the ability to select actions can autonomously perform some defined procedures. Tasks difficult to program (e.g., with many exceptions) are always performed by humans. This can result in a distribution of work where technology performs repetitive and easily programmable tasks and humans are left with the more complex tasks that are difficult to program. If humans must manage exceptions, then they must mobilize their knowledge and expertise and process information about the problem to complete the situation.

At the same time, these repetitive tasks can also be unattractive for the employee as they involve the execution of a routine procedure and rarely lead to skill development.

Technologies that can only develop protocols will not increase the complexity of the tasks since they take care of analysing the data and provide the employee with understandable information on which to base decisions. They also help to solve problems by finding previously unknown relationship patterns and thus finding possible solutions. They can therefore carry out some of the characteristics of complexity, information processing and problem solving, which might be detrimental for the employee. Indeed, these characteristics can contribute to the development of self-efficacy, which is itself essential to the development of agency: by placing employees in increasingly complex situations adapted to their skills, they gradually acquire the confidence of being able to perform successfully in a given situation (Bandura, 1997). This sharing may reduce the situations in which the employees are confronted with mastery experiences that stimulate their self-efficacy. In addition, by discovering new relationships, these technologies can propose improvements to existing protocols and thus be a source of innovation and change. Nonetheless, by bringing some changes, individuals can influence their environment and exercise their power to act. Also, if these functions are taken over by technology, the employees may use their power to act less often and in the long run may feel unskilled because the employees no longer use and reinforce them as often and as extensively.

The impact of these technologies on knowledge characteristics may also depend on the managerial choices made. If managers legitimize technologies carry out these characteristics by favouring the solutions or the suggestions they provide to the detriment of human suggestions, this will encourage less in the long-term one to find solutions at work. Indeed, employees may give up making efforts if they believe that no matter how hard they will try, they will not produce results (Bandura, 1982;Seligman, 1972).

When technologies are equipped with both capabilities, they can reproduce all human information processing functions and thus totally substitute the human, regardless of task complexity and program complexity. Thus, they can perform simple, complex and routine tasks by learning, adjusting and optimizing their analyses. Employees will then be assigned supervisory tasks or tasks on which technologies have not yet been trained. The same dilemma then arises as with modern manufacturing as to whether this monitoring will involve sustained attention and vigilance to anticipate problems or whether it will involve a passive attitude in that the technology itself can anticipate the occurrence of problems (Parker & Wall, 1998). It is likely that with their new analytical capabilities, the technologies are able to predict and anticipate their occurrence. For employees working in the jobs they have substituted, this change may have a strong influence on the knowledge characteristics of their work.

Proposition 2: Digital technologies with agency capabilities (i.e., augmenting, arresting, automating) will change the perception of knowledge characteristics

Social characteristics

Social relationships correspond to another fundamental need for individuals (i.e., relatedness, Deci & Ryan, 1985). The interrelations have been multiplied, facilitated and modified with ICTs and social media which allow for synchronous or asynchronous answers from any location while keeping track of these exchanges (McFarland & Ployhart, 2015).

Digital technologies may continue to change these interactions as one of the fundamental characteristics of digitalization is the interconnection of systems (Kohler & Weisz, 2016).

Whereas previous systems and equipment did not "communicate" with each other and did not synchronize, they now have a high degree of connection by constantly exchanging information (Schneider, 2018). Interconnection between technologies could affect human systems, in particular by increasing exchanges and interdependence between members of different departments of the organization or between organizations. Indeed, exchanges would be less constrained by accounting issues, as systems integration would create a bridge between two technologies that do not necessarily belong to the same organizations.

The model recognizes two forms of interdependence: initiated (i.e., the extent to which work moves from one job to other jobs) and received (i.e., the extent to which a job is affected by the work of other jobs) interdependence (Morgeson & Humphrey, 2006). While interdependence and interactions outside the organization relate to the opportunities for the employee to interact and therefore the quantity of social interactions at work, social support relates to the quality of these interactions (Wall et al., 1990). Feedback from others can be studied both in terms of quantity (i.e., frequency) and content (Ashford et al., 2016).

Digital technologies could change the chains of interdependence through the action selection of actions and the development of protocols. If technology is capable of performing a whole sequence of actions by itself, humans will be able to use it for defined tasks. When the task can be handled by the technology, it is likely that employees will delegate it to the technology and rely less on a human colleague to perform it. The chain of interdependence may thus change for programmable tasks: the initiated interdependence may decrease because the work will pass less from human to human. For tasks difficult to program, the chain of interdependence is more likely to remain the same as complex tasks require more knowledge, skills and resources (Wood, 1986) and interdependence helps to share and to combine them. If the technology can develop protocols, it can provide humans with new ideas and recommendations. The received interdependence will be further impacted because human work is likely to be impacted by the input of technology. In addition, the employee may develop a bias when interacting with technology as the employee has more confidence in the suggestions offered by the technology. This bias may lead the employee to look less for solutions or new ways of doing things and to interact less with others to find them.

With both capacities, the influence on interdependence could be cumulative: the work input could come from technology and a wider range of tasks could be delegated to it. By replacing the human, there would potentially be fewer employees working around the technology and therefore fewer potential contacts. Fewer potential contacts also reduce the possibility of being offered social support (Wall et al., 1990).

Proposition 3: Digital technologies with agency capabilities (i.e., augmenting, arresting, automating) will change the perception of social characteristics

Work context characteristics

Work context characteristics have been less investigated by researchers (Morgeson & Humphrey, 2006) but are presumed to be more related to stress (Humphrey et al., 2007).

Regarding the evolution of work, their relevance to more cognitive and virtual jobs, to less manual jobs, and to more sedentary jobs is of interest. Moreover, the ergonomics of jobs can be improved with lifting robots or exoskeletons (Spada et al., 2017) and with the directives related to hygiene, quality and safety that are becoming standards in companies. It is then possible that these contextual conditions of work may become minimum work standards in the future. Schroeder et al., (2019) proposed that new contextual characteristics be developed to account for the working conditions of digital platform workers. In particular, they suggest taking into account the quality of the equipment and technologies used. This characteristic may also apply to work in organizations as this quality may differ from one service to another in terms of the quality of the internet connection (e.g., employees working on the field) or the quantity of equipment available (e.g., an insufficient number of tablets for the team). All of these aspects can impact employee performance. Deng and Joshi (2016) tested whether WD characteristics are still relevant for workers on digital platforms and highlighted motivational characteristics specific to this context (e.g., digital work control, payment for micro-tasks). We draw inspiration from the latter approach to ensure that already-known WC are still as important to employees in the face of the digitalization of activities and to identify emerging characteristics of this new work context.

In particular, we believe that digital technologies will greatly bring some modifications on social characteristics. Indeed, while ICTs can increase connections between employees by enabling instantaneous and asynchronous communication with people in different locations (McFarland & Ployhart, 2015), digital technologies can enable new forms of interaction by also offering immersive experiences with tactile, auditory, visual stimuli, etc. The increasing integration of systems could also affect the relationship between technologies and humans.

Indeed, this leads employees to interact more with technologies like collaborative or "social" robots (Broadbent, 2017), telepresence robots (Koceski & Koceska, 2016) or artificial intelligence (Brynjolfsson & McAfee, 2014). Moreover, interactions between humans and technologies are becoming more complex: technologies can answer voice commands, hold a conversation, and can learn as they interact with humans (Brenon et al., 2016;Rubin et al., 2010). The scientific literature has shown that daily interactions with robots contribute to the development of emotional attachment and perception of mind; this is more likely when the technologies are humanlike and can exhibit social cues (e.g., gaze, proxemic behaviors) (Broadbent, 2017;Fiore et al., 2013). Based on these empirical facts, it can be assumed that employees may attribute human traits to technologies that can select actions and develop protocols because these technologies express features of human agency, respectively intentionality and the possibility of influencing the work environment, and that this will be more likely for technologies that have a humanoid form or that can send social cues (e.g., having a conversation). However, the literature knows little about how these attributions may impact the relatedness need of human beings and thus their perceptions of quantity and quality of relationships at work.

Proposition 5: Digital technologies with agency capabilities (i.e., augmenting, arresting, automating) will bring modifications in social interactions at work 

Method

The aim of our study is to explore and get a preliminary understanding of what is really changing in work activities. Therefore, qualitative method appears to be the best option as it allows researchers to have a rich, unstandardized and detailed data set (Howitt, 2016).

Qualitative methodology provides several objectives from description to theoretical development with specific analysis better suited for each of them. Because our study aims at describing a phenomenon and at developing new concepts, more complex analyses (e.g., grounded theory) suited for theorizing were not performed. We used interviews to collect data as it permits for the interviewer to ask for supplementary explanations and clarifications. We investigated drones and RPA to explore technologies considered as not agentic (drones) and agentic (RPA) and to highlight some differences. Moreover, robots have been introduced in industrial jobs for decades but today robots (i.e., RPA) are introduced in the business which is relatively new.

Context and sample

The organization is a large national Belgian company in the transport sector. The company has initiated a digital transformation process in 2018 by integrating digital in its strategy. Since, the company has gradually digitalized its activities. Transports appear to be a great research field as digitalization may bring many opportunities and challenge for this sector (Davidsson et al., 2016). As, previous research has shown transport sector is an industry characterized by safety climate (Dı áz & Cabrera, 1997;Flin et al., 2000), therefore security represents an important outcome and some technological changes have been implemented in the past few years to maximize it. The company's interests in this study are to understand the human issues and to have some directions in the digital transformation.

We identified with the team project some digital technologies which were developed.

Among these technologies, two had reached the implementation phase and had some impacts on the employee activities: drones and robotic automation process (RPA). Contrary to drones, RPA's implementation was limited to a single service (i.e., accountability), thus the introduction of these two technologies was quite different. Volunteers of the accounting department were put as a team and received from an external consultant a five-days training in programming (three days with an e-learning and two days with an instructor). The training aimed at offering employees coding basics to develop themselves some of the RPA's programs.

The newly developers from the accounting department worked on their own program and met weekly to review what each was doing and helped each other. They were accompanied by some IT employees to support and supervise their progress. At the time of this study, some of the programs were launched whereas others were not. This technology can be used by the entire department and thus will change many aspects for the activities.

Drones were displayed in 2016 but this technology is not deployed evenly. In some regions, drones are more frequently used because of their geographic profile. Another reason is because the implementation depends on the employees. The utilization of drones is voluntary and employees have to convince their superiors of their benefits for the service, and then have to pass an exam to become a pilot. The initial function of pilots can vary a lot, and the impact on jobs may differ based on what employees are used to do.

Procedure

We conducted 9 semi-structured interviews which composes our data corpus. We interviewed 3 types of employees: IT employees who have some knowledge about it (here in after called experts), managers who might have noticed some changes and employees whose work changes with the technology (here in after called users) (Table 3). First, we interviewed experts and managers, and then users were identified by them. Each interview lasts approximately between 45 and 80 minutes. Interviews were carried out either face-to-face or remotely via videoconference or telephonic call. The participants were asked about their work

and their activities to have a glimpse of their work tasks, then about the technology and the changes it brought. Finally, they were asked about the appraisal of these changes (see Appendix

2). When a participant did not talk about an aspect identified through literature as possibly being impacted (e.g., autonomy, specialisation, information processing), we asked them about it.

Our data set has been identified "by a particular analytic interest in some topic in the data, and [the] data set then becomes all instances in the corpus where that topic is referred to" (Braun & Clarke, 2006). Thus, we identified in our data corpus all occurrences which deal with the changes in work owing to digital technologies. Each interview was recorded and transcribed. Then a thematic analysis was proceeded through the software QDA Miner2 as it represents a good approach to describe a phenomenon (Howitt, 2016). It corresponds to "a method for identifying, analysing, and reporting patterns (themes) within data" (Braun & Clarke, 2006). It is depicted as a flexible research tool because it is affiliated to particular theoretical orientation (Howitt, 2016). However, it requires the same rigour as other qualitative methods in that steps are quite similar. Scholars can be quite sceptical about this analysis because it presents many drawbacks, especially the fact that the researcher often gives little detail of how he or she carried out the analysis and thus limiting the understanding of choices made and the discussion. Braun and Clarke (2006) detailed the steps to conduct a good thematic analysis and thus improve the quality of studies using it. Following their guidelines, we conducted a theoretical thematic analysis based on Morgeson and Humphrey's (2006) framework. Based on realistic assumption, we chose to focus on the semantic content of the data. We decided to proceed with a theory-driven coding. Therefore, we approached our data set with our research question in mind. As a reminder, the aim of the study is to identify the common topics about WC when employees are confronted by the introduction of digital technologies in their work. For coding, we used the code and comment functions of the software. After the initial coding where codes can apply to different themes, we combined them to sort potential themes by examining how codes can be assembled and how they are part of a bigger point. No quantitative method was used to sort the themes. Then we reviewed, refined and labelled them. As proposed by the authors a thematic map might be helpful to clear up the analytic process (Figure 2). In our analysis, we identified three themes: a descriptive theme around technologies, a theme about the consequences on work and a theme dealing with the human-technology relationship. The first theme helps to build a case to classify the two technologies into different categories. Finally, verbatim were extracted by us regarding their relevance and how well they illustrate the report. Technology can also detect problems by highlighting discrepancies between data from different systems. For cost search, technology does the preparatory work by providing relevant information that allows the worker to identify problems more quickly and to implement actions.

Results

Classification of the technologies

The worker therefore carries out the interpretation and verification of the information. In the context of transfers and invoices, the technology automatically encodes the information into the system instead of the worker.

RPA developers experience different changes in their work that those experienced by users. It is a whole new role for developers, that brings a task conflict between the requirements of the two roles (i.e., accounting, development team). For developers, it was difficult to combine the schedules and meet both expectations.

Drones as an assisting technology

Drone is a kind of remote-controlled and remotely guided helicopter. It can be equipped with different sensors (thermal cameras, shooting camera) that change its functionalities. It allows to access difficult places and to take videos and images. In the company, it is used for different purposes: realization of work plans, photogrammetry, inspection or communication reports. At the time of this study, drone is not autonomous in the company, although autonomous drones are developing on the market. Drone comes with several constraints. First, there are meteorological constraints because drones cannot be used when it rains or winds.

The introduction of drones in the company is not uniform. Indeed, there are pilots whose basic profession is close to the drones' use in the company (e.g., inspection) and others whose basic profession is more distant (e.g., drafters). In the second case, this adds a new function to the job and modifies the work more greatly. In particular, the combination of the two functions can lead to a task conflict like RPA, since it can sometimes be difficult to meet both the requirements during a period of high workload. Thus, in the first case the pilots use drones for their daily activities, while in the second they respond to requests from other teams and work

for them. This involves studying requests, meeting deadlines and managing the flow of requests to meet all of them.

Drones differ from RPA by allowing pilots to take decisions. Indeed, drones help pilots to consider a variety of information during the flight that they can exploit for selecting an action and adapting their behaviors. Conversely, RPA, as an arresting technology, does not permit users to interfere, stop or circumvent the automatic execution of its actions.

The modifications induced on work

Task characteristics

In the case of RPA, the technological performance of tasks (e.g., cost search, invoice creation, transfers) has changed the participants' perception of autonomy. In particular, for cost research, the robot offers complete information about the project. Before the robot, this research and cost analysis was not carried out for all projects due to a lack of time, which is why employees had to rely on the information provided by the project manager. Asking questions was quite limited but now they can point out inconsistencies in the project. With all the information, participants feel more in control. Therefore, arresting technology seems to be linked differently as expected to the perception of autonomy.

Concerning drones, in the first case the pilots use the drone to enhance their task performance. Using drones will depend on several elements (i.e. type of asset, accessibility of the asset, mission) but the pilot is completely autonomous in the decision to use it. For inspection purposes, the drone decreases the cumbersome administrative procedures that employees had to go through. The employees put certain lines out of service less often in order to carry out the inspection and are therefore freer to plan them. In the case of missions, pilots are very autonomous in work scheduling: they decide their own schedule and this allows them to manage emergencies or deadlines. They have a great deal of freedom in that they do not have to justify their actions to a supervisor, they only have an outcome accountability where they are expected to deliver results. In both cases, this increases autonomy and can also be partly explained by the fact that few other organization members possess this skill.

"As a pilot, we have our own schedule, our own program, so we organize ourselves a little bit as we want, so we don't have a leader who says, "Look out, where are you at?" We have deadlines to meet, now we organize our work as we want". (Participant 5,user) "if now I am asked for a mission... in three weeks, I am free, I plan my mission when I want as long as they receive the results in three weeks". (Participant 6,user).

"I'm much more autonomous for that part anyway. There are only two of us out of the whole service to use it, and therefore, since all the others might not have this skill, we don't ask you any questions, you're free to program it as you wish". (Participant 7,user) On the other hand, the drone is modifying certain tasks. Before the drone, inspection was done using binoculars, cameras and manual measurements, whereas now it digitizes the information collected. For example, it can provide new data such as an aerial map by reconstructing the area flown over at "perfect scale". In the second case, this leads to new and totally different tasks for the pilots, such as image processing, mission preparation, report creation or risk analysis. In both cases, respondents report more task variety.

Finally, inspection is a rather divided job. Employees inspect and then let others do the works or renovations that need to be done. They never see the end result of their work, just like drafters who do not see the results of their drawings. Their work thus seems to have a weak job identity. Here, in both cases respondents feel that they are accomplishing the tasks a bit more in their totality, enhancing the job identity. While RPA seems to solely modify the level of autonomy, the drone appears to alter other task characteristics that transforms the perceived range of tasks.

Knowledge characteristics

In regard to RPA, the technology has changed the way of working: previously not all projects were analyzed, and now this is done systematically by the robot. This systematic analysis thus brings more information to the workers and increases the information processing even if workers who cannot process everything. Therefore, the interviewees reported to still rely sometimes on the project manager.

Hence, the division of tasks has also changed between workers and technology. Routine tasks are performed by the robot and more complicated casesbecause they cannot be handled by technologyneed to be handled by the employees. Moreover, task completion by RPA frees up time for employees that they can spend on managing exceptions, difficult or complex situations, or improving services. Exception management requires the employee to make decisions and find solutions to resolve problems. As the result, jobs in accounting which used to be executive and mainly composed of manual procedures are changing. Henceforth, this new distribution of tasks requires more reflexive work (e.g., problem solving, exception handling) which enhances knowledge characteristics of the job. For instance, when the robot does not work the employee must try to understand why. Specifically for developers, this new role allowed them to acquire new skills. In particular, the developers had to change their way of thinking. If previously their job required more execution, they had to adopt a more abstract way of thinking, such as taking a step back to question existing processes, having a global vision of the process to cut it out or knowing how to transcribe the information collected into code. They also had to write of document for users which seems to have been a less interesting activity for the developers. The acquisition of these skills did not impact their level of specialization.

Indeed, programming demands a low level of complexity, it requires basic computer skills.

These elements are in line with proposition 2 which assumes that knowledge characteristics may be strengthen by arresting technology. However, this new requirement may not always be well perceived by those who like to perform procedures while for others it is welcomed.

"For me, my day goes faster if I don't have repetitive things to do, if I really have small problems to solve and cases to interpret. I understand that if there are people who like to come to work and like to do standardised stuff, not having too many exceptions can be annoying for them".

(Participant 2, user)

Regarding knowledge characteristics, the drone modifies the image processing. This processing is facilitated by software that automatically analyzes pictures and information (e.g., angle, location, etc.). For example, when a crack on an asset is detected, the software can make a 3D model of it and insert it on the plan, whereas before it had to be redrawn by hand. In information processing, this provides a chronology of inspections which helps to see the evolution of the asset over time and to compare it at different times. Also, the drone and the software seem to reduce information processing. However, piloting of drones brings greater cognitive demands. For example, the flight requires a great deal of mission preparation (e.g., flight authorization, risk analysis), concentration during the flight to take into account obstacles, photo quality or distance appraisal. Nevertheless, over time, a habituation effect sets in as employees often do the same types of missions. Similarly, the complexity of the tasks depends on the missions they perform. Some are a little more complex than others, but this complexity will undoubtedly decrease with habituation. It is therefore likely that these cognitive demands will decrease over time.

"It depends a little bit on the type of mission because in the long run it becomes a bit of a routine as we start to know our lines since we always do the same regions" (Participant 6, user).

Respondents state that drones bring a demand for constant learning (Xie et al., 2018) The pilots have developed a lot of knowledge, both technical (on the mastery of drones and software), theoretical (to pass the pilot's license) and business (on assets). In particular, the drafters had to develop knowledge on the different jobs and specialities of the company in order to take good photos and videos and to complete the missions. Today, they have a greater knowledge of the jobs within the organization because they are in contact with different teams (i.e., clients). Finally, the drone also requires rigour because its use involves some risks even if the piloting itself is not very complicated. In both cases, piloting drones has enabled employees to diversify their skills. The legislative aspects (such as the pilot's licence) and technical aspects increase employee level of specialization, even if the final decision always lies with the client teams who are the experts in their field.

Even if no propositions have been made for drone, this technology seems also to enhance knowledge characteristics, especially for those who were not familiar with inspection in the first place. When comparing results for the two technologies, some specificities appear:

RPA augments the perception of problem solving while drone intensify the demand for constant learning. Furthermore, some effects can be the result of implementation choices because the development of skill and specialization is observed only for developers (and not RPA users) and pilots who were not familiar with inspection.

Social characteristics

While no modifications have been observed for RPA users, the programming activity has enabled developers to create relationships outside and within the department. Indeed, in the service there is little interdependence between members and this project has helped to develop a team dynamic. The robot's implementation required exchanges, meetings, coordination of actions and thus created interdependence between members. On the other hand, this project allowed them to be in contact with people outside the department (e.g., IT department) who helped them develop the robot, and this required a mutual understanding of these different teams for the success of the project. To conclude, this development project has increased the social characteristics at work for the developers. Yet, as our proposition 3 concerns users and not developers, the verbatim give no clue about some perceived changes in social characteristics.

For drones, at the relational level little change is reported with colleagues except for jealousies. Some colleagues see only the recreational aspect of the drone and not the instrumental aspect.

"For people who don't pilot, when they see us leaving with the drone for them it's "you're going to have fun". Yes, it's fun, but it's work too, it's not fun" (Participant 7, user).

In the second case, drafters report that they have developed more relationships both outside the organization (e.g., sales, authority, engineers) and within the organization by providing services to other teams. By being more connected, they also get more feedback from others (i.e., positive or negative). In addition, all pilots are part of a community and exchange around their practices and feedback. With the superior, pilots from the first case note a little more interest in their work and for both case they have managed to build a trust-based relationship because they bring results. Thus, in the first case, social characteristics are little modified with the introduction of the drone (i.e., manager interest, jealousies) whereas in the second case, social characteristics highly increase (i.e., relationships outside the organization, feedback from others, manager interest, jealousies).

Modifications of social characteristics may also depend on implementation choices. For developers, the social characteristics are enhanced because of the development project and the effects for pilots seem to be a consequence of working for other teams.

Work context characteristics

Whereas no verbatim concerning those elements have been reported for RPA, it seems that some modifications have occurred for drone because it brings less constraints for the inspection tasks. Indeed, the inspection can sometimes require the use of large resources when areas are difficult to access (e.g., line deactivation, bucket trucks) or when it is necessary to work at night to not interfere with the transport flow during the day. The drone allows easy access to these areas by flying over them and thus requires less equipment to carry out inspections. In addition, it provides information that enables the pilot to assess the relevance of climbing on the asset. The use of the drone therefore implies safer work and for the employees, fewer risks and less physical work. As well, drafters' work is rather sedentary: they work at their desk and are not required to go into the field. Working with the drone allows them to get out which has a positive impact for them.

"As drafters, we are always in front of screens all day long. So with the drone, we have a chance to get out of the office, to not always be in front of the screens so we can get some fresh air". (Participant 5, user)

It seems that diminishing physical demands is a positive aspect of drones. However, when having a sedentary job, bringing some physical activities is also seen positively.

Summary

Regarding RPA, the verbatim give some evidence that its modifications on WC depend on whether or not workers have been involved in RPA development. Moreover, the degree of routine in job can also be a moderating factor in the modifications of arresting technology on work. Indeed, when the degree of routine is high, tasks are likely to be automatable and the more employees see their tasks being automated, the more they can perceive being replaced, thus reducing their perception of autonomy. At the time of study, employees decide whether to use the robot or not in their tasks, so they have full control over the impact of the robot on their work. It may reflect an adaptation period where an old and a new operational mode coexist.

When the routine is low, work is not very automatable, so technology will only perform a small part of the human work and it will allow one to save time on daily tasks.

To summarize, some tasks (e.g., information search) are rather perceived as boring, so arresting technology removes the routine, repetitive and non-motivating nature of the task. For drones, the initial job seems to be a moderating factor in the perception of work modifications. In the first case, the job has not fundamentally changed for inspection but only the form. For the second case, it is a completely different job, so it represents a big change, and while the drone implies no modifications on the initial role it also makes it possible to get out of the routine. Moreover, it seems that the way the drone is used (i.e., work for other teams)

further impacts the way it changes the employee job by enhancing social relationships and task variety (in doing diverse missions). In short, assisting technology makes it possible to change the routine and motivates employees to develop their skills and knowledge.

"All these technologies allow you to reinvest and find other goals and move forward, otherwise it would become routine". (Participant 7, user).

Relationship with the technology

Agentic relationship with RPA

According to the manager and some participants, because the robot can perform some tasks, some employees feel that they can be replaced by the robot. Nevertheless, the technology is seen by the participants as an aid tool since all tasks cannot be automated with RPA.

Participants generally see this conjoined agency with arresting technology as useful.

Technology saves employees time in their work by its quick execution so that they can concentrate on other tasks. Indeed, some manual procedures are very time-consuming. They also perceive a gain in terms of quality of work because they have more accurate information.

It thus helps workers to achieve higher efficacy at work.

The participants' view of RPA is particularly interesting. The robot is seen as "a virtual team member", "a virtual user", "a colleague" or "a virtual person". It uses the same interfaces as employees, so it looks like a remote human colleague working because they can see its work

progress. The communication with the robot goes through different channels such as automatic emails from the robot. The employee can also send an email request to it or put a file in its folder. Therefore, the interactions are close to those that one could have with a human (e.g., exchange of emails). In addition, the robot has an avatar, a name and an email address. A contest was held to choose its name. All of this participate for the technology to be perceived differently from other tools. This is an organizational choice in order not to forget the robot and to update it. Regarding proposition 5, it seems that the robot is talked not solely as a tool but as a virtual agent and a team member.

"You tend to consider it a little more like a colleague than a tool that is somewhere running on a server so in the end it's the same thing but the way we positioned it from the beginning because we gave it a name, yes...We also talk about it jokingly that it's our colleague." (Participant 2, user)

"The idea is also that the day the robot is busy twenty-four hours a day, we'll buy a second license, then we'll have to launch a contest for another name, which we don't do at all with other tools." (Participant 2, user)

Non-agentic relationship

Assisting technology is not seen as a threat. It will not substitute humans because it requires human expertise to be used. It is seen more as a helping tool: "they are my eyes without me having to take any risks" ( Participant 7). There is no resistance to using it because it makes work easier. Indeed, employees perceive a usefulness of the technology in the workplace. It improves the accuracy and quality of work and saves time, safety and money for the company.

In the case of missions, it helps to solve the problems of other teams with innovative solutions.

Finally, an employee told us about new work experiences thanks to the association of drones with virtual reality glasses. In particular, the virtual reality glasses bring new sensations and a feeling of immersion and conviviality. This experience is closed to a concept that emerged with digital tools that is user experience (Turner, 2017). Other elements can be identified in other pilots' speech.

"
"I thought it was a very beautiful machine, a beautiful tool that could provide good help in terms of safety and punctuality. So the fact that we will always have better performing tools, that we will always be able to increase the precision and the range of distances, it motivates us to learn more and more and to evolve in it and somewhere to increase this performance and try to satisfy as many people as possible". (Participant 6,user).

"Me as a pilot, it's my hobby to do it at work with these technologies because we don't have the same budgets, so we fly with super machines, it's great". (Participant 5, user)

First, the worker seems to have positive affect in the use of the virtual reality glasses ("more friendly", "it's nice"). Second, it appears that the technology has an instrumental value as the virtual reality helps an expert to look at the defects without being temporally with the pilots, in addition drones have also instrumental value ("providing good help with safety and punctuality [...] increasing accuracy"). Third, drones and virtual reality seem related to an aesthetic experience ("beautiful machine", "it's like being a bird"). Finally, there is some evidence for hedonic aspects in the interaction with the technologies ("it's my hobby", "funny"). Further research will be needed to determine if this finding is specific to virtual reality or if this pattern is found with other technologies or other combinations of technologies.

When comparing the two technologies, they both have positive impacts on work (e.g., enhanced quality, time efficiency) attesting of their instrumental value. However, it also seems that technological equipment use is different from non-technological equipment use and that technologies are gaining significance at work. Indeed, our technological use goes beyond the purely instrumental value of equipment: hedonic and conviviality aspects emerge from the interactions with the drone and RPA is considered not only as a tool but as a virtual colleague.

These results give some clues that are consistent with proposition 4.

Discussion

The perceived by the participants: first because of the fit between tasks and the application of technology and second because these technologies do not threaten human control. This is presumably why a common theme appeared about technological aid and usefulness.

Our study may have some contributions for the WD model. First, the dimension of equipment use should be refined to distinguish non-technological equipment from technological equipment. As our relationship with technologies are constant and as our channels of communication with technologies look like human interactions, they might be considered apart from other tools and machines. Like Parker and Grote (2020) noted, "the relationship between humans and AI is fundamentally different from the relationships of humans and technology of the past as both humans and technology have agency". Technologies are endowed with agency capabilities (Murray et al., 2021) which suggest that they could be perceived as non-human agents that have complex relationships with human agents. In the scientific literature, this idea has already been developed through the Computer as Social Actors paradigm (Nass et al., 1994) and the Actor Network Theory (Latour, 2005) which considers technology as a non-human actor and suggests studying human and non-human actors which are acting at the same level.

Besides, in some cases human-technology interactions can be quite similar as human interactions (Broadbent, 2017). Therefore, we propose that as human relationships are a main category of WC, human-technology relationships should be considered as a main category that to some extent might motivate workers. For instance, gamification offers insights into the way technology can motivate employees. Gamification refers to the insertion of principles and features of game into non-playful environment such as work. It adopts the motivational basis of games with cognitive, emotional and social aspects (Domínguez et al., 2013). In addition, it has been proposed that gamification allows people to reach a state of flow (Brockmyer et al., 2009;[START_REF] Procci | Measuring the flow experience of gamers: An evaluation of the DFS-2[END_REF] as it is the case with immersive technologies (Suh & Prophet, 2018).

Besides, the combination of drones and virtual reality devices (i.e., immersive technology)two technologies that we classified as assisting technologiesseems to produce surprising results. Further research is needed to understand if this new work experience that can be labelled as a user experience (Turner, 2017) is observed solely with immersive technologies.

Immersive technologies are designed to maximize pleasure and enjoyment which are usually identified as user experience's components. However, Turner (2017) advocates that user experience encompasses a larger range of experience (e.g., involvement, sense-making processes) and emphasizes the necessity for psychological scholars to extend our knowledge on the human-technology interactions.

Second, given the growth of knowledge demands and process in jobs, employees are likely to spend more time at their desks working with technological devices. The WD model assess for seating arrangements and posture that will be more relevant as work becomes sedentary. However, as work will develop into more knowledgeable jobs and shifts will occur as for RPA (i.e., decrease of manual procedures), it would be pertinent to take into account the motivational factor of non-sedentary work. Indeed, as a participant mentioned, this shift might not be well received by all workers, especially manual workers whose habits will be highly disrupted. For manual workers, changes in work context characteristics (e.g., less risk of accident, less physical demands) may positively impact employee outcomes up to a certain point where the impact may be reversed as they will miss executing formal procedures.

Furthermore, our study may also contribute to the classification of Murray et al., (2021).

First, we submitted a technological classification to help future studies to tackle the process by which digital technologies bring changes in the work processes as advocated by Barley (2015).

Because the study of human and managerial aspects has been neglected in the digitalization process of organizations (Oesterreich & Teuteberg, 2016;Schneider, 2018), this enhanced framework may support future studies to hypothesize their effects for employees. Second, we also offered insight into how the human-nonhuman ensemble is perceived by workers and, this perception differs depending on the type of technology. For instance, it seems that working with an arresting technology bolsters the perception of the technology as a non-human agent as well as a threat for human jobs while working with an assisting technology may generate a motivating collaboration.

Limitations

Because of our small sample size and a single organizational context, our findings should be taken with caution. Other studies in different organizational contexts and with different methodologies are needed to replicate these findings. This will help to counteract the effect of other factors that reflect managerial and organizational choices about the introduction of technologies (e.g., creation of a development team). The second limit is related to our sample size and involves the fact that some types of technologies (i.e., augmenting, automating) have not been analyzed. Therefore, the examination of our propositions is not complete. Our study constitutes a first exploration of the link between digital technologies and WC, so other research (qualitative or quantitative) is necessary to improve our knowledge about it.

A third limitation lies in one fundamental characteristic of digitalization namely system integration. As digital technologies are more integrative, it is more likely that the introduction of one digital technology will be followed by others. As a result, their modifications on WC may be combined like drones and virtual reality or may be greatly different, then our study might have only pointed out trends in future jobs (i.e., an increase in knowledge characteristics).

Finally, researchers may have pointed out several limits to the thematic analysis.

Following some guidelines (Braun & Clarke, 2006), we strove to make our choices and our assumptions explicit and to match our epistemological assumptions with our methodology. We sought to meet their criteria to conduct a good thematic analysis. As a result, we put ourselves in an active position to search themes because they do not just appear, and we tried not to paraphrase what participants have reported. Then, we aimed at providing coherence between our data set and our analysis as well as between our analysis and the WD model.

Future research

Future research can investigate the new environment created by digital technologiesthat we called digital work context. Because work context is likely to influence work situations and organizational behaviors in many different ways (Johns, 2006), it is highly relevant to study and detail it. Besides, characterizing the new work context will help the scientific community to recognize how the theories and models need to adapt to describe new situations at work.

Observational studies will be needed to bring together influences from several digital technologies. These studies have illustrated that technological changes bring opportunities for changes at the relational level, especially in power relations where cooperation or conflicts can emerge (e.g., Barrett et al., 2012;Plesner & Raviola, 2016). The introduction of new technologies may also come with modifications of the physical space (e.g., Barrett et al., 2012).

Such findings will be valuable to gather data about changes in the omnibus context and its new features in order to grasp its effect on organizational behaviors, attitudes and cognitions.

Other studies can investigate the other types of technologies to gather knowledge about the modifications they induce on the WC and maybe identify a common pattern in the changes.

These studies can be qualitative or quantitative although conducting quantitative studies may confirm the results presented here. To expand these findings, further quantitative studies may integrate other factors that have an important role in organizational changes or WC such as manager behaviors (Bareil, 2009;Parker, Van den Broeck, et al., 2017). Indeed, managers play a critical role in shaping one's perception of a change (e.g., introduction of a technology) by the resources they offer (e.g., information, training), by their relationship with the employees or their leadership. For instance, our findings seem to show that new technologies may enhance both the level of autonomy and cognitive demands. According to the job demands-resources model (Demerouti et al., 2001), employee well-being may thus not be impaired. Therefore, managerial choices taken regarding the introduction of new technologies are important to prevent negative consequences such as stress or workload. As the social information processing theory states (Salancik & Pfeffer, 1978), it is possible that social cues like the perceived transparency of the change, the relationship between the manager and the employee or the leadership shape the perceived modifications on the WC. Likewise, quantitative studies may develop measures to operationalize the concept highlighted here, namely the perception of the technology as a non-human agent. Further research unravelling the multiple dimensions in the human-technology relationships are also needed. These studies may adopt a mix design (i.e., qualitative and quantitative) to explore and reveal the important features nested in these relations and to measure and validate them.

Longitudinal studies will also be helpful to capture the perceptions of one's WC before the technological change and track these perceptions after the changes at different times to compare them. Therefore, it will be possible to untangle the persistent effects and the transient effects (e.g., habituation effect) on work design and employee outcomes (e.g., job satisfaction) but also to distinguish primary and early effects from latter effects. For example, Barley (1990) suggested that technology may bring changes firstly into the nonrelational elements of work role (e.g., tasks, skills) and secondly into the relational elements of work role. However, acknowledging that today technological changes are constant such design might be difficult to carry out.

Moreover, future research might be interested to further extend our knowledge about the demand for constant learning that is a new work characteristic developed by Xie et al., (2018). The demand for constant learning has been investigated under the job demand-control framework and mixed effects have been found on employee attitudes (e.g., job satisfaction, occupational commitment). This dimension has the highest correlations with motivational characteristics (comprising both task-related and knowledge-related dimensions), hence further studies are required to better understand the empirical links between them. The authors have acknowledged that demand for constant learning may participate to the individual growth through knowledge and skill acquisition, therefore according to Morgeson and Humphrey (2006) definition this dimension might be insert into knowledge characteristics.

Chapter 3 -An investigation of work design in a context of a digital transformation

Introduction

As a measure of the micro-context of work (Johns, 2010), work design (WD) allows to evaluate the impact of technologies since the concept captures the subjective perception of employees about their work (i.e., work characteristics) (Parker & Grote, 2020). WD is grounded on the assumption that the way work is structured influences employee perceptions and reactions to work and that respondents describe fairly the properties of their work (Hackman & Lawler, 1971;Hackman & Oldham, 1975). The conditions under which people work can influence their work experiences and thus their behaviors and outcomes related to work (e.g., job satisfaction, internal work motivation). Moreover, they can serve as frame of references upon which an employee will establish standards for making judgements about the evolution of these experiences [START_REF] Newman | Understanding the organizational structure-Job attitude relationship through perceptions of the work environment[END_REF]. Thus, as the work environment one is exposed to is evolving, so do employee perceptions and reactions regarding their work.

In a context of digital transformation, several influencing factors come into play for shaping the new employee WD like technological, leadership or management and employee determinants. First, the literature has advocated that technology may bring some modifications on WD through job demands (e.g., cognitive demands, control) or by transforming psychological experiences at work (e.g., virtuality) (Gibson et al., 2011;Wall, Corbett, Clegg, et al., 1990). Second, top management team by taking decisions for technological implementation has a key role for designing employee work (Parker et al., 2017). Finally, employees can influence their WD by engaging in job crafting behaviors when dealing with new technologies (Petrou et al., 2015).

Technologies have been traditionally studied in the WD literature as redesign interventions since they offer opportunities to reshape works (Morgeson & Campion, 2003).

Such redesign interventions commonly focus on specific work characteristics (WC) that will be modified and on the impact of such redesign either on employee performance, attitudes (e.g., satisfaction, well-being), or on organizational criteria (e.g., cost, quality, system performance, frequency of downtime) (e.g., Nadin et al., 2001;Wall et al., 1992;Wall, Corbett, Martin, et al., 1990). Other work redesign interventions whether involving a new technology or not have paid attention to modifications of one or multiple WC on multiple employee outcomes (Holman & Axtell, 2016). The examination of various aforementioned determinants that are at stake in the context of a digital transformation has been, to our knowledge, little examined. Even though it is difficult to take into account all determinants, this strategy can lead to a partial view of the ongoing phenomena.

Scholars have acknowledged the influencing role of technology on WD under a digital transformation context (e.g., Battistelli & Odoardi, 2018;Stern & Becker, 2017). In such context, the role of other stakeholders at work should not be undermined because the effects of technologies on WD are not deterministic (Parker & Grote, 2020). Other sources of influence can take part for shaping WD which are at the time speaking little discussed in the literature.

First, as posited by the Social Cognitive theory (SCT) (Bandura, 1997), people are active and even proactive in their environment rather than reactive: they are not passively determined by the environment but they also strive to influence what happens to them by formulating plans and strategies. Therefore, employees may seek to influence the current work context crossed by a digital transformation. For doing this, employees are likely to adopt proactive behaviors that are "anticipatory action[s] that employees take to impact themselves and/or their environments" (Grant & Ashford, 2008, p.4). Even if alteration of the environment constitutes a core and distinctive feature, the influence of proactive behaviors on WD has been little explored. Yet, some theoretical attempts suggest such relationship (e.g., Clegg & Spencer, 2007;Grant & Parker, 2009).

Second, while it has been acknowledged that technologies can have a direct influence on WD (e.g., through norms and standards), Parker et al., (2017) suggested that their influence is most likely mediated by managerial decisions around the implementation. In such a context, leaders play a pivotal role by applying decisions of the hierarchy that may influence employee WD or by deciding to do differently (e.g., adapting some decisions regarding employee skill level). Besides, they are also on their own a strong influencing factor of WD by making decision around organizing work or by shaping employee motivation, knowledge, skills, abilities (KSAs) and opportunities (Parker et al., 2017). Therefore, leader behaviors whether in line with higher-level managerial decisions or on its own initiative have a strong influence on employee WD as they organize and coordinate work in a certain way and offer more or less job resources and information.

Furthermore, the scientific literature has already been shown that the introduction of technology can modify employee WD (e.g., Wall, Corbett, Clegg, et al., 1990). These modifications can positively or negatively influence the individual's experiences at work (motivation, satisfaction, performance, etc). Besides, the perception of negative consequences of technology on work (e.g., less interesting, less challenging tasks) can generate resistance among employees and employee resistance can hinder its implementation (Oreg, 2006).

Because they have formal authority over WD decisions (Parker et al., 2017) and play an important role in shaping employee work experiences (Yukl, 2002), the challenge for leaders in the context of digital transformation is then to shape employee WC in order to maintain good work experiences and to facilitate its introduction.

The aim of this study is to map the different influencing factors that are in play in a digital transformation in order to have a holistic view of them. Even if we draw heavily on the perspective of Hackman and Oldham (1975), we do not totally exclude the perspective developed by Salancik and Pfeffer (1978). The latter emphasizes that perceptions of WC can through which employees shape their WC beyond traditionally job crafting behaviors and idiosyncratic deals. Moreover, there have been little studies questioning the role of leadership on employee perception of their work (see for exception Nielsen et al., 2008;Piccolo et al., 2010;Piccolo & Colquitt, 2006). Here, we test a path that has been neglected: the indirect influence of empowering leaders on employee WC by triggering employee proactivity. For explaining this path, we proposed that empowering leadership involves a developmental effect which activates employee proactivity. Whereas the mediating effect of motivation induced by empowering leaders has been advocated in the scientific literature (e.g., Seibert et al., 2011), the mediating effect of development support has been less considered. Therefore, our study can also add to the literature that recognizes development support as a distinctive feature of this leadership style.

This chapter is divided in two parts. In a first cross-sectional study, we try to get an overview of the situation where a digital transformation is occurring by examining some relationships between WC, leader behaviors and employee proactivity. In a second study using two measurement times, we examine more deeply the role of the leader in the digital context, especially to facilitate the positive predisposition of employees towards digital transformation.

Initially, we planned to investigate longitudinally how leaders can play a dual role: maintaining good work experiences and facilitating the introduction by shaping employees WC towards more enriched works. Indeed, enriched works elicit positive psychological states that in turn affect positively employee outcomes (e.g., motivation, satisfaction) (Hackman & Oldham, 1976;Humphrey et al., 2007). Enriched work conditions can also foster employee perception that the outcomes of technological introduction will be beneficial (Oreg, 2006). At first, we intended to study this proposition with three measurement times, yet we encountered difficulties to attract enough participants at Time 2 of the study. Due to these difficulties, we had to limit the scope of the study around how empowering leaders can facilitate employee acceptance of digital transformation and the technologies it encompasses.

Study 1: Exploring the Influencing Factors of WD in the Digital Context

Leadership influence on employee WD

As stated above, leaders by offering more or less job resources and by structuring work in a particular manner influence employee perceptions of their WC. Such differences can be captured through leadership behaviors. Although leadership is well recognized as influencing WD (Parker et al., 2017), studies examining leadership behaviors and WC have been scarce.

Nevertheless, empirical evidence supports the positive influence of transformational, ethical and empowering leadership on employee WC (e.g., Helland et al., 2020;Piccolo et al., 2010;Piccolo & Colquitt, 2006). While Piccolo and his colleagues have provided strong rationale for transformational and ethical leadership, such developments are lacking for empowering leadership. Empowering leadership combines both actions towards enhancing job resources and work structuring. It has been advocated as a way to foster job-related resources such as developmental resources (e.g., feedback) and work resources (e.g., autonomy, social support, work meaningfulness) (Kim et al., 2018;Tuckey et al., 2013) and implies authority sharing (Yukl et al., 2002). Besides, empowering leadership is also considered as a means for organizations to be sustainable in a changing environment (Han et al., 2019;Sharma & Kirkman, 2015) considering that this style of leadership is related to innovation (e.g., A. Lee et al., 2019;Tian & Zhang, 2020). Thus, it might be particularly relevant for the context under investigation.

While empowerment has been first apprehended as a simplistic power sharing and delegation initiative (Conger & Kanungo, 1988), a motivational component has been recognized to empowering leadership (e.g., A. Lee et al., 2019). Indeed, providing autonomy can be a necessary condition for eliciting employee feelings of psychological empowerment but may be not sufficient (Conger & Kanungo, 1988). Empowering leadership does not embrace solely giving more responsibility but also "encouraging and facilitating employees to lead and manage themselves" (Tuckey et al., 2013, p.17). Hence, empowering leaders seek to enhance employee capabilities so that employees are able to carry out additional tasks and responsibilities. Literature has characterized empowering leadership through various behaviors such as delegation, participative decision-making, sharing information, coaching, leading by example, showing concern, encouraging self-directed decisions or skill development (Amundsen & Martinsen, 2014;Arnold et al., 2000;Konczak et al., 2000). Despite this diversity, some similarities can be detected. Amundsen and Martinsen (2014) regrouped based on a theoretical approach the empowering leadership behaviors into three dimensions: power sharing (e.g., delegation, information sharing), development support (e.g., coaching) and motivation support (e.g., encouraging initiative). As a result, empowering leadership can be the initiation point of power-sharing, motivational and developmental processes. Empirical evidence supports this assertion considering that empowering leadership or supervisor empowerment practices promotes employee motivation (e.g., psychological empowerment), resources (e.g., self-efficacy) and that empowerment initiatives strengthen opportunities of learning (e.g., Boudrias et al., 2009;Kim et al., 2018;Leach et al., 2003). However, the factor structure reveals only two dimensions (i.e., autonomy support, development support) (Amundsen & Martinsen, 2014), suggesting that the motivational component can be an Considering the dimensions composing empowering leadership (Amundsen & Martinsen, 2014), we suggest that empowering leaders can influence the perception of relevant knowledge WC (i.e., those that leaders have latitude on) by engaging in a developmental process to enhance employee abilities and the perception of job autonomy through an autonomy support. Firstly, empowering leaders are willing to strengthen employee abilities in order to give them more work responsibilities. Indeed, employee perceived capacities is associated with leader decisions to give more responsibilities [START_REF] Leana | Power Relinquishment Versus Power Sharing : Theoretical Clarification and Empirical Comparison of Delegation and Participation[END_REF]. To fortify employee abilities, empowering leaders can stimulate learning requirements. For doing this, leaders can assign a new task where followers are asked to carry out an information watch or can allocate some time to be devoted for the acquisition, development and updating of knowledge. Leaders can also encourage personal growth by giving more challenging tasks. Through work challenges, leaders set high expectations regarding employee abilities and offer them opportunity for thinking, trying and learning. To successfully achieve these work challenges, empowering leaders can offer guidance and help to employees or encourage them to collectively overcome obstacles and solve issues. Work challenge has been conceptualized as tasks with high responsibility, as problems to solve or as opportunity for employees to exert new and non-routine skills and behaviors (Preenen et al., 2011), thus leaders can give employees tasks that require problem solving to prompt work challenge. Secondly, autonomy support can be expressed either through delegation or participation in decision making. The former is seen as a real transfer of authority while the latter is conceived as a rhetorical authority sharing with no effective transmission of authority [START_REF] Leana | Power Relinquishment Versus Power Sharing : Theoretical Clarification and Empirical Comparison of Delegation and Participation[END_REF]. On one hand, by delegating task responsibilities leaders less closely supervise employees and give them greater flexibility to achieve tasks. On the other hand, when being implicated in decision making, employees play an active role in setting the rules that they will follow and can influence the decisions taken. Both empowering behaviors can enhance employee sense of control that in turn influence employee perception of their level of autonomy.

Little studies have investigated the relationship between empowering leadership and WC. To our knowledge, the work by Helland et al., (2020) offers the only information for job autonomy and shows a positive relationship. Based on the aforementioned elements, we argue that:

Hypothesis 1: Empowering leadership will be positively related to employee perception of problem solving (a), demands for constant learning (b) and job autonomy (c)

Employee proactivity and the relationship with WD

Regarding all the modifications that the digital transformation can bring (e.g., new work roles, new task assignment), the context under study entails ambiguity as employees are less able to act in a prescribed way. The means for resolving work problems are less established and the outcomes of actions are less predictable (Wright & Cordery, 1999). Contexts with less structured guidelines elicit proactive behaviors (Parker et al., 2018). It creates ambiguous and uncertain situations that are determinants of proactivity (Grant & Ashford, 2008). Employees by being proactive aim at reducing uncertainty. Therefore, we propose that employees will try to handle the digital transformation of their work context and the uncertainty it creates by being proactive. Proactive behaviors reduce uncertainty as they give back sense of control to employees by allowing them to influence things in a particular way.

When confronted to uncertainty, people seek for information (Osman, 2010), in order to have a clearer view of new work situations and some indications about the appropriate behaviors to adopt. They are more likely to inquiry subjects that are unclear (Ashforth et al., 2007). For Ashford (1988), two types of information are relevant in that kind of situations:

information about the change itself and feedback. First, information about the change is important as it makes things more predictable. It helps employees to forecast the possible implications for their work (Van Dam et al., 2008) and to understand what modifications will happen in the organization. As regards to the context, these two dimensions of information appear critical. Employees are looking for information about how their tasks will be modified with the new technology (e.g., new tasks they will performed, former tasks they will no longer performed). More globally, concerning the digital transformation, they can be concerned about the consequences for the organization as some procedures and policies can be revised as well as its structure. Feedback-seeking behavior (FSB) also encompasses an information gain since it offers employees some indications on their performance about what they are doing well and how they can reduce the discrepancy with the expected goal (Ashford, 1986). FSB can be conceived as a means to reduce uncertainty because it helps employees to have information on their new work expectations. Consequently, confronting to a digital transformation, we suggest that employees are prone to adopt information-seeking behavior (ISB) and FSB to increase their understanding of their new work environment in order to regain control. This information gain is essential to define the scope of the digital transformation in order to know how they may influence it.

Besides, digital transformation can represent an opportunity for employees to modify dissatisfying work elements as most of the work environment is evolving. In that aim, employees can express ideas or opinions focused on effecting organizationally functional change to the work context (i.e., voice) [START_REF] Maynes | Speaking more broadly: An examination of the nature, antecedents, and consequences of an expanded set of employee voice behaviors[END_REF]. They can make innovative suggestions regarding the transformation and can recommend modifications to standard procedures for improving them. Voice behaviors may also represent a way to reduce uncertainty since employees by formulating proposals try to shape the modifications in the work context and direct them in a certain direction.

Proactive behaviors have been mostly studied as a result of WC where some of them fuel proactivity directly or indirectly (e.g., Fuller et al., 2006;Ohly & Fritz, 2010;Salanova & Schaufeli, 2008). Other studies have demonstrated the bidirectional relationship between proactive personality and some WC (e.g., Frese et al., 2007;[START_REF] Li | Reciprocal relationship between proactive personality and work characteristics: A latent change score approach[END_REF]) and a few have examined the moderation of WC on proactive behaviors (e.g., Svendsen et al., 2018). Proactive behaviors have been less often considered as a possible influencing factor of WC. With the intent of revitalizing the WD models, Grant and Parker (2009) highlight various ways through which proactive behaviors can affect WC "by changing tasks, methods, contexts, relationships, and jobs and/or by changing aspects of the individual that lead them to perceive or enact their work differently" (p.354). First, proactive behaviors can influence WC by having a direct influence on the work environment. Indeed, employees can modify their work tasks and methods through voice or taking charge behaviors by implementing new ways to do things. For instance, they can introduce new work methods involving higher or lesser interdependence between employees or information processing. Second, proactive behaviors may also modify employee knowledge, motivation and meaning that in turn affect WC. Regarding meaning, former work has proposed that by being proactive employees may frame their work differently (Wrzesniewski & Dutton, 2001). Especially, the aim pursued by employees when adopting such behaviors is to hold a more positive vision of their work, thus it can conduct employees to perceive their WC more positively. Third, supported by Clegg and Spencer (2007), Grant and Parker (2009) proposed that proactive employees can also influence their WC through different relational mechanism, particularly by influencing the way leaders perceive them. For instance, by being proactive employees demonstrate their abilities to implement new ways to work or to organize work (e.g., taking charge). Leaders may perceive them as more competent and be more prone to grant them responsibilities (Clegg & Spencer, 2007). Alternatively, to our view, after having demonstrated their efficiency at work through proactivity, employees may be in a position to negotiate some change in the work content.

Hereafter, we relying on the proposition that proactive behaviors modify employee knowledge that can in turn influence employee WC. Since the purpose of FSB and ISB is to seek information, employees will acquire new information by adopting such behaviors. FSB allows employees to test if they understand well and meet the work requirements. The feedback received provides information about the adequacy of one's mental model (Parker, 2018).

Likewise, ISB helps employees to understand their new work environment. Finally, voice behaviors can participate to the acquisition and construction of new knowledge because it entails a discussion between group members. When expressing openly an idea or a suggestion, a discussion between the leader and the employee or between employees is activated. Through these interactions, they exchange their point of view and some task-related information. This knowledge acquisition helps employee to realize how they can add value and contribute to it.

Moreover, the information gain that results from these proactive behaviors can restructure employee knowledge, thus it implies a cognitive change that can foster employee learning. It might lead employees to perceive their work differently by stimulating the perception that it involves a learning requirement. Furthermore, in the context under study, employees adopting FSB and ISB display a willingness to understand their new role and responsibilities as well as to figure out how to meet their new work requirements and to do well. They are prone to understand the work environment that is coming. Drawing on social information processing theory (Salancik & Pfeffer, 1978), it is possible that FSB and ISB make salient the need to keep up to date with the latest developments in their work and to continually learn, thus employees may perceive that their work require them to update their knowledge and skills.

Knowledge acquisition from proactive behaviors can also potentially activate a new perspective taking of their work. As proposed by Wolfson et al., (2019), "seeking information should ultimately enable individuals to make better, more informed decisions and to be more innovative in their problem solving" (p.1285). Alike, through constructive voice, employees can bring to leader's attention some issues concerning the transformation and can formulate areas for improvement. Based on Salancik and Pfeffer (1978), we can suppose that FSB, ISB and voice can enhance employee perception of problem solving by making more salient issues to solve in their work.

Evidence for the relationships between proactive behaviors and WC are lacking as no studies, to our knowledge, show such links. Yet, learning has been recognized as an essential element to benefit from proactivity (Parker et al., 2018). Based on the theoretical arguments above, we posit: 

Empowering leadership and employee WC: the mediating role of proactive behaviors

We have previously argued that empowering leadership could directly shape employee WC. In their review, Parker et al., (2017) identified an alternative way of influence: leaders may indirectly affect employee perceptions of their work by shaping employee motivation, knowledge, skills, abilities (KSAs) and opportunity. Holding this proposition implies that leadership behaviors are perceived by employees and that this perception is associated with employee outcomes. Former research has brought evidence that leader behaviors are perceived and interpreted by employees and in turn can affect their cognitions, attitudes and behaviors (Epitropaki & Martin, 2013;Fischer et al., 2017;[START_REF] Lord | Leadership in Applied Psychology: Three Waves of Theory and Research[END_REF]. Considering daily interactions with their subordinates and their formal authority, leaders play an important role in shaping employee work experiences (Yukl, 2002). This role is exhibited through literature that describes the influence that leaders can exert on employees either at the individual or team level, yet this influence is only effective when employees are receptive to it. Leadership is also a social and co-constructed influence which means that employees must accept to be influenced for leadership to occur and that leadership is incomplete if not taking into account follower view (Oc & Bashshur, 2013;Uhl-Bien et al., 2014). Because follower perspective of leadership behaviors is likely to be better related to follower outcomes, leadership should be assessed from this perspective.

Previous works have revealed that empowering leadership can stimulate employee proactivity (e.g., [START_REF] Martin | Directive versus empowering leadership: A field experiment comparing impacts on task proficiency and proactivity[END_REF]Schilpzand et al., 2018). For instance, Hong et al., (2016) affirms that empowering leaders as role models (e.g., acting themselves proactively) and through verbal communication (e.g., stress the importance of acting independently or collaborating for solving problems) can infuse the perception that proactivity is encouraged and not punished. Based on the aforementioned elements that empowering leadership fosters employee skill and knowledge development and that such development modifies employee perception of their WC, we argue that leader behaviors activate employee proactivity via a development support that will in turn influence the perception of WC (see Figure 3).

A couple of arguments support this indirect relationship through proactivity. First, employee proactivity needs some activation or support from the work environment. Proactive behaviors are influenced either by individual characteristics (e.g., proactive personality) or situational characteristics (e.g., work characteristics, leadership, organizational climate, HR practices) (e.g., H. W. Lee et al., 2019;[START_REF] Martin | Directive versus empowering leadership: A field experiment comparing impacts on task proficiency and proactivity[END_REF]Parker et al., 2006). Since they are part of a proactive process (Grant & Ashford, 2008), the adoption of proactive behaviors is not ex nihilo.

Second, empowering leaders may influence employee WC through a developmental effect. This developmental effect is supported by Leach et al., (2003) who have found a cognitive effect (i.e., knowledge acquisition) of empowering intervention. Empowering leaders are looking for reinforcing or enhancing employee abilities to enable employees to do their work better and to give them more responsibilities (Yukl & Fu, 1999). They can do so through coaching, by stimulating collaboration between followers and by making them participate in decision making. Empowering leaders encourage employees to share information between them about the tasks, to collaborate and to solve collectively work problems. They also ask employees for their input and involve them in decision making, thus they make them voice their ideas and opinions and they listen to employee suggestions. Repeatedly, these actions give employees signal that they are allowed and encouraged to express their ideas either when leaders consult them or when employees are solving collectively a work issue. Besides, empowering leaders create optimal conditions for employees to raise their voice by inducing psychological safety (Jada & Mukhopadhyay, 2018). They give employees room to build and strengthen their ability to express opinions and ideas, thus employees will be more likely to openly speak up. Furthermore, by putting emphasis on employee development, they also indicate that trials and mistakes are not punished but are part of learning.

As mentioned above, voice behaviors implies discussion and exchange from which employees acquire new knowledge and learn. Since digital transformation involves many modifications in the work environment, there might be increased occasions for employees to be consulted by the leaders because many things may not be stabilized. These occasions represent multiple opportunities for employees to exchange their point of view on the way to handle new work tasks, thus stimulating the perception that the new work environment requires them to learn to keep up to date with their new work tasks.

Digital transformation also encompasses new work situations for which no established work habits can be applied. This will prompt discussion between employees to find new ways to manage these work situations and new ways to work. In a similar way, these discussions increase the exchange and acquisition of new knowledge that may lead employees to take an original perspective for resolving these work issues. This can prompt employee perception that their new work requires them to develop non-routine skills and behaviors.

Indirect support for this proposition is the positive link between empowering leadership and knowledge sharing between team members (Kim et al., 2018) as well as the association between empowering leadership and voice (Gao & Jiang, 2019;Wang et al., 2020;Zhang et al., 2020). Limesurvey. The study has obtained the ethic approval from the committee of Université Libre de Bruxelles. To protect anonymity, participants were invited to enter a personal code to match their answers between the two measurement times.

Out of a total population of 2534 employees from the two services, 483 completed the questionnaire representing a participation rate of 19%. 44.3% of them were from the service where tablets were introduced and 55.7% from the service where new software were introduced.

88.6% of participants are male. The participants have an average age of 41.8 years (SD = 9.59) and an average tenure of 15.08 years (SD = 11.09). 51.6% are Flemish-speaking while 48.4%

are French-speaking.

Measures

All study variables use a 5-point type Likert scale and are self-rated by employees.

Unless otherwise specified, measures were translated in French and Flemish via backtranslation (Brislin, 1970).

Work characteristics. Work characteristics were measured for the French version with

the validation of Bigot et al., (2014). The measures were translated from the Work Design Questionnaire (Morgeson & Humphrey, 2006). The dimensions evaluated are: job autonomy composed of three subdimensions, namely work scheduling autonomy, decision-making autonomy and work methods autonomy, (9 items, e.g., "the job allows me to plan how I do my work") and problem-solving (4 items, e.g., "the job often involves dealing with problems that I have not met before"). Demands for constant learning were measured with 5 items developed by Xie et al., (2018). A sample item is "the state of knowledge required for my job is everchanging".

Empowering leadership. We used the Empowering Leadership Questionnaire of Arnold et al., (2000). Three dimensions were evaluated: Participative Decision-Making (6 items),

Coaching (11 items) and Informing (6 items). Participative Decision-Making refers to leader consultation of his or her subordinates' opinion for making decisions. Informing refers to leader transmission of wide information to the subordinates about the company. Coaching comprises a set of behaviors that aim at developing subordinate capacities for them to be self-reliant.

Example items for each subdimension are "gives all work group members a chance to voice their opinions" (participative decision-making), "encourages work group members to solve problems together" (coaching), "explains company decisions" (informing). One item of the Informing subdimension was dropped for unclarity, that is "explains rules and expectations to my work group" since these rules and expectations can originate from the leader or the organization. The respondents were asked to assess their leader measured behaviors with a scale ranging from "not at all" to "totally".

Constructive voice. Constructive voice was assessed with the items developed by [START_REF] Maynes | Speaking more broadly: An examination of the nature, antecedents, and consequences of an expanded set of employee voice behaviors[END_REF]. Participants are asked to rate the frequency (from "never" to "frequently") during the last 3 months with which they voluntary express ideas focused on effecting organizationally functional change to the work context. For the French version, the measure validated by Déprez et al., (2019) was used composed of 5 items. A sample item is "I frequently make suggestions about how to improve work methods or practices".

Feedback-seeking. For feedback-seeking, we adapted the measure developed by Ashford (1986). Participants are asked to rate the frequency (from "never" to "frequently") with which they inquiry about their performance and potential advancement in the organization during the last 3 months. Regarding our propositions, items were modified to better capture the relationship between employees and leaders. First, we dropped the item "seek information from your co-workers about your work performance" which concerns co-workers and not supervisors. Second, two items were added: "seek feedback from your supervisor about what you are not doing well in your job" and "seek feedback from your supervisor about what you can do better in your work".

Information-seeking. We developed ourselves items to measure employee informationseeking behaviors. According to the rationale above, it appears that employees need information about how their work and their organization will be transformed to understand their new missions and how they can contribute to their work environment. Thus, respondents were asked to rate the frequency (from "never" to "frequently") with which they seek information about technical requirements of the job (3 items) and about the organization (3 items) during the last 3 months. Items for technical requirements are: "information on how to perform their work tasks", "information on how work is organised in the department" and "technical information on the technologies used in the department". Items about organization are: "information about organizational procedures", "information about organizational rules" and "information about organizational policy".

Control variables. We controlled for age, organizational tenure and diploma on the studied variables. The frequency of FSB (Vandenberghe et al., 2019) or the beneficial influence of empowering leadership (A. [START_REF] Lee | Empowering leadership: A meta-analytic examination of incremental contribution, mediation, and moderation[END_REF] are supposed to varied depending on organizational tenure. Employee proactivity should vary between different level of qualification (Parker et al., 2010). Besides, most of work characteristics have positive links with age and organizational tenure (Bigot et al., 2014).

Analytical procedure

We first performed Confirmatory Factor Analysis (CFA) under Mplus 8.4 (Muthén & Muthén, 2017). For the CFA, we chose the MLR estimator given the non-normality of our

variables. Yet, before conducting these analyses, we checked for common method variance regarding our single source of rating (Podsakoff et al., 2003). The Harman's test we executed reveals that a single factor explains 31.42% of variance of all items, which is below the accepted threshold (50%).

Then, we conducted analysis of variance (ANOVA) to test if the studied variables (i.e., WC, empowering leadership, proactive behaviors) differed according to different categories of age, organizational tenure and diploma. To not lengthen overly the chapter, results of these analyses can be found in Appendix 4.

For testing the direct relationship of proactive behaviors and empowering leadership on WC, we run hierarchical multiple regression analyses under SPSS. After controlling for demographics, we tested the different contributions of empowering leadership and employee proactivity to WC. Following recommendations of Tabachnick et al., (2013) that regression will be better estimated when the variables are uncorrelated together, we examined our variables to identify those that share high correlations (≥ .50). We also mean-centered the variables to prevent potential issue (e.g., multicollinearity) before computing the Variance Inflation Factor that allows to check for multicollinearity.

For our mediation hypotheses, we used structural equation modelling. First, we performed a CFA with all variables in the model to estimate the fit of the proposed model. We

were able to assess model fit and compare alternative models with the Satorra-Bentler Scaled Chi-Square Difference test. Following [START_REF] Preacher | SPSS and SAS procedures for estimating indirect effects in simple mediation models[END_REF] recommendations, we use a bootstrap approach (with 10000 iterations) to test the indirect relationship. This approach can be used even if the assumption of a normal sampling distribution is not met and helps to determine whether the direct relationship is different when the mediator is added. This analysis was conducted with the software Mplus 8.4 (Muthén & Muthén, 2017).

Results

CFA

To determine the adequacy of our measures, we conducted CFA with all our variables. Some items had factor loadings that were systematically under the acceptable value (≥.4) and should be excluded of the analyses. We dropped one item of demands for constant learning and one item of participative decision-making dimension as part of empowering leadership because the factor loading cut-off was not met. The results displayed in Table 4 show the fit indices for the hypothesis model which are satisfactory according to Hu and Bentler's (1999) ISB and FSB (.653) should be noted as there might be a risk for multicollinearity.

Regression analyses

For checking the presence of multicollinearity, we computed Variance Inflation Factor.

Conventionally, a value of 5 means a severe multicollinearity but scholars usually use a value threshold of 2. For ISB and FSB, the value is 1.74, therefore we introduced them both in regression analyses.

Results displayed in Table 6 indicate that empowering leadership alone is significantly related to job autonomy (β = .352, p ≤ .001) while employee proactivity adds nothing to the relationship. Empowering leadership explains 17% of the total variance. Demands for constant learning is significantly associated with empowering leadership (β = .085, p = .009). When the three proactive behaviors are adding together, only voice (β = .095, p = .011) is significantly related to this WC. Overall, empowering leadership and voice explain little variance (3%).

Same pattern is found for problem solving as both empowering leadership (β = .177, p ≤ .001)

and proactivity shares significant relationship with it, explaining 12% of the variance. Among the three proactive behaviors, only voice (β = .179, p ≤ .001) is significatively related to problem solving. In view of these results, H1a-c are fully supported as empowering leadership is significantly and positively linked with job autonomy, demands for constant learning and problem solving. Since, voice is related to both problem solving and demands for constant learning, H2a and H2b are supported. As FSB and ISB are not significantly linked to problem solving and demands for constant learning, H3 and H4 are not supported.

Mediation analyses

For mediation analyses, we used only two dimensions of empowering leadership, namely coaching and participative decision-making. As seen in Indirect paths of empowering leadership on problem solving through voice (β = .05, SE = .02, p = .007, 95% CI = .02, .09) is significant as is the path on demands for constant learning through voice (β = .13, SE = .05, p = .029, 95% CI = .01, .07) giving support to H5a and H5b. 

Discussion

The purpose of this study was to understand in a digital transformation context the relative relationships of various influences (e.g., employee proactivity, empowering leadership) with employee WC. Through regression and mediation analyses, the present findings reveal a short and preliminary overview of WD influencing factors. The formulated hypotheses are informed and partially supported by our former works. In our qualitative study, we have noticed that knowledge characteristics are the most at stake in this digital transformation. Therefore, we have focused our investigation on these work characteristics and emphasized the role of learning for shaping their perception by employees. Indeed, we have stressed a common feature across all hypotheses, namely employee development and acquisition of knowledge and skills.

Through this study, direct and indirect influences of empowering leadership on employee WC were tested.

First, our results show a positive and direct association of empowering leadership with several WC which are job autonomy, problem solving and demands for constant learning. Our hypotheses were based on the autonomy and development support that are recognized as distinctive features of empowering leadership (Amundsen & Martinsen, 2014). We have argued that the empowering leader can by stimulating employee development influence the perception of knowledge characteristics and the perception of job autonomy by enhancing sense of control.

Therefore, these findings provide some support for a modification in the way employees perceive their work through development and autonomy support. We have also examined how the acquisition of new knowledge through proactive behaviors can lead to perceive one's WC differently. Our results reveal that constructive voice but neither FSB nor ISB are linked to perceptions of problem solving and demands for constant learning. Our results give preliminary support to the theoretical proposition of Grant and Parker (2009) that proactive behaviors can be influencing factors of employee WC. However, the absence of significant links of the studied WC with FSB and ISB is surprising as these two behaviors lead undoubtedly to acquisition of knowledge and learning. They also help employees to have a broader understanding of the new work environment. By seeking information about their new tasks or the behaviors they need to adopt, these behaviors may reflect a desire to align with their new work environment rather than to challenge and modify it. Comparatively, voice behaviors manifest a willingness to add another viewpoint to the situation that may influence subsequent decisions. Another difference between these proactive behaviors that may explain our results is the social context under which they are undertaken. ISB and FSB may imply social interactions whereas voice behaviors involve an exchange of perspectives and debates. With the latter, one's perspective should be more challenged, thus knowledge acquisition could more likely result in mental model restructuration that leads to perceive things in a new light.

Second, with some regression analyses, we have shown that both antecedents (i.e., empowering leadership, voice) have unique contributions to problem solving and demands for constant learning. We have tried to link these two variables by arguing that empowering leadership, and in particular coaching and participative decision-making, can trigger employee proactivity and thus the acquisition and restructuration of knowledge. Voice behaviors were found to partially mediate the relationship between empowering leadership and problem solving as well as demands for constant learning. For this analysis, we have used only coaching and participative decision-making because they are key dimensions of empowering leadership behaviors that seemed the most related and relevant for eliciting voice behaviors. The results indicate that through coaching and participative decision-making empowering leaders activate employee proactivity by developing their ability to express their opinions and ideas and mitigating the perceived risks associated with these behaviors. These proactive behaviors imply an exchange of viewpoints and information that will enable employee learning. By being involved in this process, employees may perceive more work requirements to learn. Further, by being involved in decision-making, employees may perceive that they are required to find original solutions. Our findings begin to uncover the proposition of Parker et al., (2017) of an indirect relationship of leadership on employee WC by shaping employee KSAs.

Study 2: Examining the Role of Empowering Leader for Facilitating Technological Acceptation

In Study 1, we have highlighted the direct and indirect role of empowering leadership on employee WC by means of development support. In Study 2, we focus on how the leader can influence employee perception of the digital transformation and how it is related to employee technological acceptance. Fostering employee acceptation of the digital transformation and the technological introduction it comprises is critical for organizations to ensure somewhat implementation success. Indeed, employee adhesion to the project is an essential factor for its successful implementation (Herscovitch & Meyer, 2002). As "change agents", leaders can promote employee positive attitudes towards digital transformation (Caldwell, 2003). Although digital transformation is broader than merely the introduction of some technologies in the workplace, it is through their introduction that employees can realize the concrete implications of digital transformation for their work. Even if employees embrace positively the digital transformation project, this does not necessarily imply that they will positively embrace the technologies that are introduced into their work, especially if they perceive that the technologies bring no benefits and are hard to employ. Therefore, it is worthy to understand how these attitudes can be related and how leaders can align them.

Empowering leadership fostering positive perception of the digital transformation

Leaders have a key role when a new technology is introduced in the workplace or when the organizational structure is evolving. Leader support and involvement are essential for the success of their implementation (Guimaraes et al., 1992;Tarafdar & Vaidya, 2006). As we previously said, leadership has a strong influence on employee attitudes and behaviors. Leaders are traditionally recognized as intermediaries in the organizational communication and "promoters" as they should communicate to employees a positive vision of the technology or the digital transformation.

Empowering leaders can influence employee attitudes towards the digital transformation via different means. First, empowering leaders offer support and provision of adequate resources that can help employees to manage effectively the constraints imposed by the digital transformation. Empowering leaders give employee resources like information and feedback through coaching that guide them to know how to behave and answer to their new work missions and requirements. They also assist employees in the development and acquisition of knowledge for them to fulfil their new responsibilities and cope with their new work tasks. Thus, they are likely to enhance employee confidence in their abilities to meet the challenges that digital transformation entails.

Second, they can raise a positive attitude by enhancing employee satisfaction towards their job. The anticipation of negative outcomes for WD (e.g., less interesting work, less challenging tasks) prompts employee resistance (Oreg, 2006). By improving employee WC, empowering leaders can avoid such behaviors and, based on the WD models can in turn increase employee job satisfaction. Empowering leaders maintain or strengthen employee sense of control over what they do by listening to their opinions and involving them in decision making, thus enhancing the perception of job autonomy. By enhancing work challenge, they may also boost task interest. In doing so, empowering leaders foster employee perception that the outcomes of the digital transformation for their work are beneficial. This should prompt employee positive attitude towards digital transformation in that employees are satisfied of its outcomes.

Third, empowering leaders can also influence attitude towards digital transformation by building a trusting relationship with their employees. By encouraging employees to speak up their opinions or to take initiative, they give signal to employees that their inputs or initiatives are useful and important. When granting them more responsibilities, they also express their confidence in employee abilities to undertake them. These actions convey a symbolic value for employees, in that the leader trusts them enough to allow and support these behaviors. Empirical evidence confirms that empowering leadership elicits employee trust in leader (Kim et al., 2018;A. Lee et al., 2018). Trust is an influential factor that shapes attitude towards an object (e.g., technology) (Wu et al., 2011). Although trust in a technology and trust in leader are different in their object, there is some empirical evidence that leader behaviors creating a supportive and trusting environment can enhance positive attitude towards the technology [START_REF] Lilly | Technology changes at work and employee reactions: The role of leader behavior[END_REF].

Trust in leader is related to commitment with the decisions made by or goals set by the leader and to beliefs about the accuracy of information provided by the leader (Dirks & Ferrin, 2002).

Thus, employee trust in their leader could elicit a positive attitude about the modifications in the workplace due to the digital transformation because employees will grant more credit to leader communication about the necessity of the digital transformation and be more inclined to meet goals set by the leader about it.

By creating a supportive and trusting environment, by shaping positively employee WC and by providing adequate resources, empowering leaders prevent employees' difficulties to adapt and perception of threat for their work that can arouse negative attitudes. Because, they inhibit the factors leading to the formation of negative attitudes and stimulate the perception of positive outcomes, empowering leaders can prompt a positive view of the digital transformation and raise employee satisfaction towards it.

Even if empirical evidence has not investigated the link between empowering leadership and satisfaction towards digital transformation, indirect support can be gathered in studies examining the association between empowering leadership and other forms of satisfaction.

Multiple studies have found a positive relationship with job satisfaction (e.g., Amundsen & Martinsen, 2014, 2015;Vecchio et al., 2010).

Hypothesis 6: Empowering leadership will be positively related to satisfaction towards digital transformation

The role of empowering leadership on technological acceptance

One of the most popular models for studying the introduction and use of new technologies is the Technological Acceptance Model (Davis et al., 1989). The model seeks to understand the factors that determine technological acceptance of users. Based on social psychology models in which behaviors are the result of beliefs, attitudes and social norms, Davis et al., (1989) conceptualized that technological acceptance is determined by beliefs about the usefulness of the technology (i.e., perceived usefulness) and its ease of use. These beliefs will in turn affect attitudes and intentions of use. The model has been further developed with additional factors accounting for social influences (e.g., image) and other perceptions (e.g., computer self-efficacy) (Venkatesh et al., 2003;Venkatesh & Bala, 2008).

Along with this, another stream of research has examined how perceptions about the technology (i.e., user satisfaction) are influenced by system and information attributes.

However, prediction of behaviors by user satisfaction of these attributes is very limited. To fill the gap, Wixom and Todd (2005) proposed an integrated model that unifies both frameworks.

In this unified model, information satisfaction and system satisfaction (i.e., user satisfaction) are conceptualized as external factors that affect beliefs about the technology and thus as antecedents of perceived usefulness and ease of use respectively. Therefore, the unified model of Wixom and Todd (2005) distinguishes on one hand attitudes and beliefs about the system and its attributes (i.e., information satisfaction, system satisfaction) and on the other hand attitudes and beliefs about using the system (i.e., perceived usefulness, ease of use) and links the two.

Even if this study deals with digital transformation whose scope is not limited to technologies, a technological framework is still relevant. We argue that the same parallel in the model between system and actual use of the system can be drawn between digital transformation and technologies. Digital transformation can be conceived as the broader system under which employees will work, thus satisfaction towards digital transformation reflects a general attitude and an external variable that influences technological beliefs while the introduction of new technologies are the concrete application of the system, representing its actual use. According to the model, general attitudes about the system predict the attitudes and beliefs about using it. Being satisfied with the digital transformation predisposes employees to perceive positively the technologies that will be introduced into the work.

User satisfaction is conceptualized in this model through information and system satisfaction presumably because it is grounded in information system literature. We believe that this distinction is not adequate in our case because the focus is not on measuring information system output, quality of the system performance or user satisfaction towards these elements (DeLone & McLean, 1992). Therefore, we operationalized user satisfaction through satisfaction towards digital transformation. This operationalization might be suited as in both cases employees are the recipients of a work transformation.

Drawing on the model of Wixom and Todd (2005), we believe that leadership can be an influencing factor of user satisfaction that will in turn affect technological beliefs (i.e., perceived usefulness, ease of use). A meta-analysis has highlighted several sources influencing user satisfaction [START_REF] Mahmood | Variables affecting information technology end-user satisfaction: a meta-analysis of the empirical literature[END_REF]: perceived benefit and convenience (e.g., user expectations), user background and involvement (e.g., user involvement in system In turn, these actions can lead to positive technological perceptions about ease of use and usefulness. Employee involvement can positively influence perceived usefulness because it allows for employees to establish the rules of use and to adjust the technology to their needs for it to better meet them. As regards to ease of use, since empowering leaders stimulate collaboration between employees, employees are likely to ask their colleagues for help when they have difficulties with the technology. As well, through their development support, leaders try to extend or update employee skills and knowledge for them to have confidence in their ability to use the technology. This assistance can help employees to interact effectively with the technology and enhance the perception of ease of use.

In support of our proposition, an empirical study has found a direct association between empowering leadership and ease of use and no direct link with perceived usefulness (Kuo & Lee, 2011). Yet, drawing on a further conceptualization of the Technological Acceptance Model (Venkatesh et al., 2003;Venkatesh & Bala, 2008), it is likely that leaders have an indirect influence on technological beliefs as they transmit some subjective norms or design some facilitating conditions. Therefore, we propose an indirect relationship between empowering leadership and both technological beliefs (i.e., ease of use, perceived usefulness) through user satisfaction which in our context is operationalized by satisfaction towards digital transformation. We have previously argued that empowering leadership is likely to be associated with employee satisfaction and the model of Wixom and Todd (2005) links user satisfaction and technological beliefs. Figure 5 depicts the proposed model. 

Sample

The population is the same than study 1. Our sample for both measurement times is composed of 147 participants, representing a participation rate of 12.2%. We explain this low participation rate partially because of the covid situation. T2 occurred 9 months after T1.

40.1% of them were from the service where tablets were introduced and 59.9% from the service where new software were introduced. 86.4% of participants are male. The participants have an average age of 43.3 years (SD = 9.38) and an average tenure of 16.1 years (SD = 10.7).

42.9% are Flemish-speaking while 57.1% are French-speaking. Most of them have a secondary school diploma (60.5%).

Measures

Like Study 1, all measures are rated by subordinates and use a 5-point type Likert scale.

Empowering leadership measure is the same as the one used in T1 for mediation analyses. Same control variables as T1 were entered in the analyses.

Satisfaction towards digital transformation. Three items we developed for the purpose of this study were used, inspired from a French work satisfaction measure developed by Bérubé et al., (2016). As the term digital transformation was included in all instructions, we used the term "change" in the items and specified that it referred to the digital transformation. The three items are: "I am generally satisfied with this change", "I would change almost nothing to the procedures of this change" and "The conditions under which this change is being carried out are excellent". Respondents were asked to indicate their level of agreement from "totally disagree" to "totally agree".

Perceived usefulness. We use the measure of performance expectancy (3 items) developed by Venkatesh et al., (2012). Although the labels are different (perceived usefulness vs performance expectancy), the definitions are quite close. Respondents were asked to rate their level of agreement (from "totally disagree" to "totally agree") with each statement regarding the perceived benefits of the technological use when performing their tasks. Items have been developed for information technology (i.e., mobile Internet), thus we have changed the term to fit our research context for "the technology". Items are: "I find the technology useful", "Using the technology increases my productivity" and "Using the technology increases my efficacy". We dropped the original item: "Using mobile Internet helps me accomplish things more quickly" because the organization did not want employees to think that speed of task execution was the purpose of the technologies introduced. We have also removed in the first item "in my daily life" as it did not apply to the context under study.

Ease of use. We measure ease of use with the effort expectancy measure developed by Venkatesh et al., (2012). Alike perceived usefulness, the divergence in labels does not apply to the definitions that are similar. Respondents were asked to rate their level of agreement (from "totally disagree" to "totally agree") with each statement regarding the ease of use of the technology introduced in their work. We use three items over the four and have changed the term "mobile Internet" for "the technology". Items are: "Learning how to use the technology is easy for me", "I find the technology easy to use" and "It is easy for me to become skillful at using the technology". In concert with the project team, we dropped the item "My interaction with the technology is clear and understandable" as it was deemed to lack clarity and suitability with the research context.

Data analysis

Same procedure as for T1 was followed for conducting CFA and mediation analyses.

For estimating a good model fit, we followed the criteria settled by Hu and Bentler (1999).

Given our single source of rating (i.e., employees rated all the variables), we checked for common method variance (Podsakoff et al., 2003). The Harman's test we executed reveals that a single factor explains 45.68% of variance of all items, which is below the accepted threshold (50%). Same item of empowering leadership as part of participative decision-making dimension was dropped as T1 for the same reason. All following analyses were done under Mplus 8.4 (Muthén & Muthén, 2017).

Results

First, we assessed the structure of the proposed model with CFA. As shown in Table 8, Means, standard deviations, reliability scores and correlations are reported in Table 9.

the
Same redundancy issue as T1 can be identified for empowering leadership because of high internal consistency (.97). Of interest, several variables (i.e., participative decision-making, coaching, satisfaction towards digital transformation, perceived usefulness) have high standard deviation (≥1). This indicates potential differences within the variables across some categories.

As a result, we proceeded to ANOVA (see Appendix 5). The hypothesised mediated model yielded good fit (ꭓ² (265) = 491.82; p ≤ .001; RMSEA = 0.076; CFI = 0.94; TLI = 0.93; SRMR = 0.048). The link between empowering leadership and satisfaction towards digital transformation is significantly positive, thus H6 is supported (β = .35, SE = .09, p ≤ .001). Direct paths of empowering leadership on ease of use (β = .05, SE = .10, p = .60, 95% CI = -.29, .52) and on perceived usefulness (β = -.11, SE = .09, p = .21, 95% CI = -.78, .13) are both non-significant. The direct links between satisfaction towards digital transformation and ease of use (β = .41, SE = .09, p ≤ .001) and perceived usefulness (β = .57, SE = .08, p ≤ .001) are significant. An indirect path of empowering leadership on ease of use through satisfaction towards digital transformation is significant (β = .14, SE = .05, p = .005, 95% CI = .10, .89). It is also found for perceived usefulness through satisfaction towards digital transformation (β = .20, SE = .06, p = .002, 95% CI = .17, .98). Regarding these results, H7a

and H7b are both supported. Figure 6 displays the standardized paths of the model for those significant. In particular, empowering leaders offer training and coaching for increasing employee confidence in their abilities (i.e., self-efficacy) as well as guidance and assistance. By maintaining employee positive perception of their work (e.g., high sense of control, task interest), they mitigate the formation of negative attitudes towards digital transformation. They also prompt employee trust, thus employees will be more prone to positively perceive digital transformation. Via eliciting satisfaction towards digital transformation, empowering leaders predispose positively employees to perceive the benefits brought by the technologies as part of the digital transformation implemented into their work. Therefore, employees are likely to hold positive attitudes and beliefs about these technologies. Our results could be read along former studies that have highlighted the role of top management or supervisor support (e.g., Hu et al., 2016;Igbaria et al., 1997) and training (Guimaraes et al., 1992;Igbaria et al., 1997;[START_REF] Mahmood | Variables affecting information technology end-user satisfaction: a meta-analysis of the empirical literature[END_REF] for increasing technological acceptance or implementation success.

Theoretically, our results carry interesting avenues for technological acceptance. The literature about technological acceptance is interesting in assuring the compatibility between users and the technology. In a technological context, leaders are expected to be promoters of the technological tools introduced in the workplace and to ensure that every employee uses the technology. As a result, whether the technologies are adapted to user needs may be conceived as a secondary issue. Empowering leadership may contribute to an accordance between users and the technology. Indeed, empowering leaders involve employees in decisions around technologies and allow users to discuss about how to adapt the technologies. Though we did not consider this dimension in our study, empowering leaders can also give employees more latitude in their work through delegation that enable them to take decisions on technological use or adaptation. Besides, as previously demonstrated in Study 1, empowering leadership triggers employee proactivity thus it can activate employee crafting behaviors that aim at adjusting the technologies to better suit employee needs.

Our findings are partly consistent with the study of Kuo and Lee (2011). The authors found no direct association between empowering leadership and perceived usefulness. We have extended this finding by demonstrating an indirect relationship via satisfaction towards digital transformation. The authors also found a direct association between empowering leadership and ease of use while our results reveal only an indirect link. This might be explained by a difference in study design. Whereas Kuo and Lee (2011) collected their data with one time measurement, our findings hold between two measurement times.

Practical implications

Our study highlights the benefits associated with the adoption of empowering leadership for employees and organizations. Prior studies have shown that the development support that is part of empowering leadership participates to employee personal growth and boosts their selfefficacy beliefs (Kim et al., 2018). It helps employees to build or strengthen their abilities for executing their tasks, for working collaboratively and for voicing their opinions and ideas.

Hence, development support fosters employee learning. In Study 1, we have linked the acquisition and restructuration of knowledge with a different vision of WC. As a result, leaders interested in modifying employee perception of their work into a more positive frame can adopt an empowering leadership style. This can be worthwhile as employees who hold positive perceptions of their work are more motivated, more satisfied and in a less greater extent perform better (Humphrey et al., 2007). Furthermore, empowering leadership has been previously linked to optimum working conditions (Tuckey et al., 2013). Thus, empowering leadership can be a means to create more enriched works.

For organizations, this leadership style may help to facilitate the acceptation of digital transformation and the modifications brought into work by the technologies it comprises.

Therefore, empowering leadership can contribute to implementation success that is a critical element for organizations undertaking such transformation. Yet, to reap these benefits, organizations should concede that empowering leaders can give more latitude and decisionmaking authority to employees. By being involved in decisions that affect them through participative decision making, employees will be able to adapt the technologies to their needs and identify the situations in which technological use is relevant or not. This latitude can ease technological implementation. Besides, this leadership style has also been linked to innovative work behaviors (Kim et al., 2018). Thus, considering its various advantages, it may be valuable for organizations that engage in digitalisation to develop empowering leadership.

Limits and future research

Because of our cross-sectional design in Study 1 and our correlational data, the conclusions that can be drawn from our study are limited. No causal inferences can be made and some reverse relationships could also hold for T1. Particularly, Grant and Parker (2009) proposed that WC can influence the adoption of proactive behaviors which in turn affect WC.

Besides, although our hypotheses are supported by theoretical and conceptual works, it is also possible that proactive behaviors influence the adoption of empowering behaviors among leaders (Clegg & Spencer, 2007;Han et al., 2019). Further work should be done for trying to replicate our studies and to determine if our results will be confirmed longitudinally.

Since all our measures were self-reported by employees, there is a possibility of common method variance (Podsakoff et al., 2003). Yet, the risk has been at each time controlled. For Study 2, because we collected answers at two different measurement times, this bias is less prevalent.

In this study, we have measured empowering leadership in a way not often used in the literature. Empowering leadership is more often assessed with a composite measure. Here, we have selected some dimensions that appear most relevant regarding our hypotheses and treated them as independent. To our knowledge, a single study has used separate dimensions of empowering leadership for testing the moderating relationships of each empowering behavior (Gao et al., 2011). Taking a subdimension approach could stimulate future research about different mechanisms of autonomy and development support comprised in empowering leadership. These two dimensions could have related but distinct mechanisms such as sense of control for autonomy support and learning for development support.

Finally, even though we took precaution in T2 by asking employees to rate their work regarding the digitalisation and not the covid situation, we cannot totally assure that the work experiences during the covid did not impact respondent answers. Therefore, it is necessary to reproduce this study to ascertain our findings. Further research interested by the technological acceptance framework could additionally measure real use of the technologies as it has been not evaluated in our study.

Another purpose of this study that could have not been fulfilled given the encountered difficulties was to investigate the interactions between the influencing factors of employee WD as advocated by Parker et al., (2017). Future research could examine how employee and leader influences interact to gain understanding about the negotiation process that may occur around employee WC. An overly simplified vision of leaders and employees in such transformation of the work environment is a passive role of employees that accept or resist these modifications in their work and leaders as the actors of their implementation. Acknowledging that leadership is co-constructed (Uhl-Bien et al., 2014), it is likely that employees and leaders jointly influence each other and that employee WD is partially a product of this reciprocal influence.

Through these two studies, we have highlighted the role of empowering leadership in the context under study for enhancing employee perception of their WC and generating positive perceptions of digital transformation and its technologies. Future research should try to connect these two outcomes. As we initially proposed, empowering leaders can by increasing employee positive perceptions of their WC facilitate the implementation of digital transformation and/or the introduction of technologies in that they ensure that the implementation will have little negative effects on their work.

Chapter 4 -Knowledge work characteristics and innovative behavior:

A fuzzy-set qualitative comparative analysis (fsQCA) 4 

Introduction

Today jobs are assumed to be more interdependent, to require more team functioning, knowledge demands as well as advanced technology use (Cascio & Montealegre, 2016;Grant et al., 2010;Grant & Parker, 2009;Parker, 2014). Job requirements have also changed to include innovative work behaviors (IWB) as innovation is increasingly coined as a source of competitive advantage and economic growth (Crossan & Apaydin, 2010;Yuan & Woodman, 2010). Being innovative has become a crucial factor for organizational long-term survival because innovation is conceived as a way to adapt to market changes (Dougherty & Hardy, 1996). Therefore, current organizations are looking for implementing a continuous strategy to spread IWB (Battistelli & Odoardi, 2018) with a growing interest in innovation climates (e.g., Newman et al., 2020). One strategy to effectively support innovation is work design. Indeed, work design research has been interested in how work characteristics affect employee attitudes and behaviors and previous studies have highlighted that work characteristics (e.g., job control) are positively linked to IWB (e.g., Holman et al., 2012;Oldham & Cummings, 1996).

Therefore, it is important to examine which work characteristics contribute to innovation in order to guide organizations in their interventions.

However, while some relationships between work characteristics and outcomes of interest can be substantiated (i.e., dimensions of Job Characteristic Model, Hackman & Oldham, 1975) others are lacking empirical evidence, especially newly introduced work characteristics (Humphrey et al., 2007;Morgeson & Humphrey, 2006;Wegman et al., 2018).

In their meta-analysis, Humphrey et al., (2007) notified that some knowledge characteristics (e.g., specialization, problem solving, information processing) have not received sufficient attention. These characteristics might be of great importance as some scholars have pointed to the rise of a knowledge economy accompanied by more cognitive work demands and abstract tasks (Grant et al., 2010;Kalleberg, 2011;Parker, 2014). Moreover, there are strong indications in the literature that most knowledge characteristics can be beneficial for innovation (e.g., Holman et al., 2012;Urbach et al., 2010). Amabile's model (1988) suggests that knowledge and qualities of the environment (e.g., task challenge) are important factors that foster idea generation.

Although work characteristics have been subject to some developments (e.g., Xie et al., 2018), the model which has drawn more attention is the Job Characteristic Model (Hackman & Oldham, 1975). This model advocates that five core dimensions (i.e., autonomy, task significance, task identity, skill variety, feedback) prompt three critical psychological states (i.e., experienced meaningfulness, knowledge of the results, experienced responsibility).

Conceptually, the model proposes that high levels of the five dimensions and the three psychological states are needed to characterize an "enriched job" and to generate positive individual results (e.g., job satisfaction, job performance). However, theoretical and empirical advances challenge this assumption (e.g., Humphrey et al., 2007). Theoretically, some authors proposed that employees may process information about work in a configurational manner (e.g., De Treville & Antonakis, 2006). It implies that employees may perceive their work and its content not as discrete and separate elements but rather in a holistic view "by giving each job characteristic meaning from the other practices with which it occurs" (De Treville & Antonakis 2006, p. 115). Therefore, investigating work characteristics independently may be limited and examining them as a set may offer opportunities for our understanding of their influence on employee outcomes. Some scholars have stressed the relevance of exploring new approaches of work characteristics to further our knowledge such as the following configurational approach (e.g., Lee & Raschke, 2016;Parker, 2014). To address this, we theoretically embraced a holistic view of work characteristics and adopted a fuzzy-set configurational approach (fsQCA) that allows for investigating interdependence between them.

While classical quantitative analysis assumes that the effects of independent variables on dependent variables are linear and additive, configurational thinking considers that the effect of one independent variable will depend on the presence (or absence) of other independent variables and their values (Ragin, 2008). Taking a configurational perspective allows researchers to consider multiple variables as collaborating to produce the outcome instead of competing for explaining the variance. Methodologically, configurational thinking is based on a set-theoretical approach where sets are collections of distinct elements that share common features (Fiss, 2007;Ragin, 2008). In set theory, causality is demonstrated with the identification of necessary and sufficient conditions. Among the advantages it offers, this approach enables one to look at causal complexity by supposing that multiple conditions may combinein different waysto produce the outcome. Adopting a fsQCA approach, this study aims at exploring which combinations of work characteristics contribute to IWB.

This study intends to contribute in several ways to the literature on work design and individual innovation literature. Firstly, it establishes an association between knowledge-related work characteristics and IWB. Although often conceptualized, this relationship has been little examined and empirical studies have generally tested one knowledge characteristic at a time (e.g., Ohly et al., 2006;Urbach et al., 2010). Secondly, drawing on the cognitive perspective of work design (Parker, 2018;Parker et al., 2021), it suggests that work characteristics play a role on IWB due to their learning and knowledge nature. Thereby, our results add to the promising and growing body of literature that connects work design and innovation by integrating cognitive and learning concepts (e.g., Battistelli et al., 2019;Holman et al., 2012;Parker et al., 2021). Finally, exploring a promising path through fsQCA approach, the study proposes a vision where work characteristics operate in synergy in determining IWB. According to this perspective, the characteristics of work operate in specific synergistic configurations capable of influencing employees' innovative behaviors. Previous theorizations have suggested that combinations of work characteristics are more accurate predictors than single ones (e.g., De

Treville & Antonakis, 2006; Lee & Raschke, 2016). However, even though the theory indicates these work attributes are compensatory (e.g., Fiss et al., 2013;Parker, Morgeson, et al., 2017), so that a high level of one attribute offsets a low level of others, little research has been done in this direction.

Theoretical Background

Innovative work behavior

In the scientific literature, innovation has been mostly treated as a process (e.g., Kanter, 1988). Yet, as defined by Anderson et al., (2014), innovation encompasses "the process, outcomes, and products of attempts to develop and introduce new and improved ways of doing things. The creativity stage of this process refers to idea generation, and innovation refers to the subsequent stage of implementing ideas toward better procedures, practices, or products". Other definitions describe innovation as the intention to generate, promote and implement new and useful ideas or processes within work, group or organization (West & Farr, 1990). Because it is sustained by employee contributions, innovation also conveys a behavioral dimension.

Innovation can occur at individual, group or organizational levels and intends to benefit one or more of these levels (Anderson et al., 2014). It is an interpersonal process as it embraces promoting one's ideas to colleagues and requires support from other organizational members for its effective implementation. Scholars often considered two dimensions in the innovation process (i.e., idea generation and implementation) (Anderson & King, 1993;Axtell et al., 2000;Oldham & Da Silva, 2015;Urbach et al., 2010), thus IWB is studied here in line with this view.

Work characteristics

Work characteristics compose the dimensions of the work design model (Hackman & Oldham, 1975;Morgeson & Humphrey, 2006). Work design captures "the content and organization of one's work tasks, activities, relationships, and responsibilities" (Parker, 2014, p.662). Since its first development and the recognition of five core dimensions (Hackman & Oldham, 1975), the work design model has supported significant extension. Morgeson and Humphrey (2006) suggested enhancing the model by distinguishing motivational characteristics between task (i.e., the original five characteristics) and knowledge characteristics and by including social and contextual characteristics.

While task characteristics have been widely studied, little research has been conducted

regarding knowledge characteristics that cover the cognitive and ability requirements of a job (Humphrey et al., 2007). Yet, fostering knowledge and cognition appear to be highly beneficial for organizations as they constitute important elements of employee performance (Carpini et al., 2017). Cognitive abilities allow employees to perform efficiently their tasks thanks to the acquisition of job knowledge (Hunter, 1986) or because the two constitute resources for mastery experiences that motivate employees to perform well (Frese & Fay, 2001). Besides, cognitive ability and job knowledge can boost proactive performance as it helps one to identify problems that need to be fixed or aspects to improve and to elaborate solutions (Fay & Frese, 2001).

Finally, cognitive ability has also been related to adaptive performance (Jundt et al., 2015).

Literature has highlighted several ways through which cognition and knowledge can be strengthened or maintained by work design and one of them is through job autonomy (Parker, 2018;Parker et al., 2021). Based on these elements, in this study we focus in particular on knowledge characteristics and job autonomy. Autonomy refers to the amount of freedom one has when executing work tasks although it can be exerted in different ways like decisionmaking, choosing work schedule or work methods (Morgeson & Humphrey, 2006). Knowledge characteristics encompass five dimensions: problem solving, information processing, job complexity, specialization and skill variety. Problem solving refers to the degree to which a job requires the production of unique solutions or ideas. Information processing reflects the extent to which a job requires to focus on and manage information. Job complexity concerns the degree to which tasks are complex and difficult to perform. Specialization is the extent to which a job involves the performance of tasks requiring specific knowledge and skill. Finally, skill variety refers to the extent to which a job requires to use a variety of different skills to accomplish the work.

More recently, researchers studied the technological pressure on jobs and highlighted four new "hybrid" characteristics that comprise among other things demand constant learning (Xie et al., 2018). Demand for constant learning refers to "the extent to which an employee's work requires him/her to engage in continuous learning of new technologies, knowledge, methods, and applications to stay on top of the latest developments" (Xie et al., 2018, p.481).

The authors have acknowledged that hybrid characteristics cannot be categorized among any work characteristics because they may share common features with more than one metadimension. However, for the purpose of this study, we consider the demand for constant learning as part of knowledge characteristics by emphasizing the common feature of cognitive demands.

The relationship between work characteristics and employee innovation

Because few models and theories have focused on the relationship between knowledge characteristics and IWB, we draw on an influential model of idea generation. In the componential model, Amabile (1988) has established the importance of domain-relevant skills as a factor bolstering idea generation. Domain-relevant skills include factual and technical knowledge, familiarity with the subject and can be conceived as a prerequisite for generating novel ideas. Indeed, it is easier to generate novel ideas when one has expertise on the subject (e.g., Reilly, 2008) since past experiences or knowledge may help to distinguish between irrelevant and relevant things to create new ideas. To assess this individual factor, domainrelevant skills can be measured as a job factor through the level of specialization in one's job.

Furthermore, demand for constant learning may be conceptualized as an enhancing job factor of one's domain-relevant skill by favoring the development, build-up and update of job knowledge and skill. Empirical evidence has shown that factors strengthening the learning of knowledge prompt idea generation (e.g., Hirst et al., 2009).

In addition, Amabile (1988;Amabile et al., 1996) identified some contextual factors (i.e., management practices) stimulating IWB such as the provision of freedom (i.e., job autonomy) and challenge in the work activities. In their studies, Amabile and colleagues (Amabile, 1993;Amabile et al., 1996) have documented that people generate more ideas when they have a sense of ownership and control over what they do but also if they have discretion of their time to follow and examine exciting ideas. For being innovative, employees need some latitude over what they do to break the organizational rules and change the routines. Having autonomy in decisions makes it easier to actually implement the changes. Besides, autonomous employees develop an active approach toward their work and a broader definition of their role (Frese et al., 2007;Parker et al., 1997). As a result, they think about broader work issues and are more likely to come up with new ideas for resolving them. Other works emphasized that controlling key variance of performance prompts IWB as it helps team members in implementing new work methods better suited for their activities (Fox, 1995;Trist & Bamforth, 1951). Empirical studies support this claim by demonstrating a direct relationship between autonomy and IWB (Axtell et al., 2000;Ohly et al., 2006;Ohly & Fritz, 2010;Urbach et al., 2010;Yoo et al., 2019) or the moderating role of autonomy on IWB (Battistelli et al., 2013;Cangialosi et al., 2020).

The componential model also points out that the perception of challenging demands at work enhances idea generation because the internalization of challenge reinforces intrinsic motivation. This intrinsic motivation may fuel the exploration of any possibilities to address the challenge. However, to date few studies have found a mediating effect of intrinsic motivation on the relationship between contextual factors and idea generation (Shalley et al., 2004). Scholars agree on the fact that challenge helps people to exert their sense of accomplishment (Webster et al., 2011) and, by doing so, they can display and extend their sense of competence (Deci & Ryan, 1985). Thus, challenge promotes mastery experiences and personal growth. Besides, Farr (1990) also suggested that work characteristics and innovation are related because enriched jobs entail more challenge and require more thinking and processing which in turn could lead to innovation. This suggests another explanation for the relationship between challenge and IWB that is learning. There is evidence that this relationship is prompted by learning mechanisms (e.g., Battistelli et al., 2019;Holman et al., 2012). Indeed, LePine et al., (2004) have found that perception of challenge is positively related to motivation to learn which in turn has a positive effect on learning performance. Challenge provides opportunities for exploration and testing: unique problems require new and original solutions.

By testing various means to settle an issue, employees acquire new knowledge and this acquisition can help to actualize existing schemas for seeing or combining things in a different and original way. Besides, in a recent development of the work design model, Parker (2018) draws on the Action Theory to argue that job complexity and challenge foster learning. At first, complex and challenging tasks require a high cognitive processing but as actions become automatized for handling a task, it frees up cognitive resources for learning to address more challenging tasks. Nevertheless, Parker et al., (2021) have also underlined that excessive task complexity reduces learning because of high loads on working memory and attention. This evidence stresses that high cognitive load can impair cognitive resources that are not infinite.

The depletion of personal resources is a shared assumption among cognitive (e.g., Sweller, 1988;Wickens, 1980) and organizational researchers (e.g., Demerouti et al., 2001;Hobfoll, 1989;Karasek, 1979). Yet, this depletion can be alleviated by the provision of other resources like job autonomy (Demerouti et al., 2001;Karasek, 1979).

Because simple activities do not stretch one's abilities, they do not trigger challenge.

Jobs with high levels of problem solving offer opportunities to employees for working in challenging situations (Humphrey et al., 2007). Moreover, challenge has sometimes been operationalized as problem solving in empirical studies (e.g., Axtell et al., 2000). Drawing upon this evidence, we operationalized challenge as a job factor composed of job complexity and problem solving. Empirical links with IWB have been found for problem-solving (Axtell et al., 2000;Holman et al., 2012) and job complexity (Ohly et al., 2006;Oldham & Cummings, 1996;Urbach et al., 2010).

A new approach of work characteristics: a fsQCA approach

The configurational approach is grounded on configurations which are "any multidimensional constellation of conceptually distinct characteristics that commonly occur together" (Meyer et al., 1993(Meyer et al., , p.1175)). Applied to work characteristics, De Treville and Antonakis (2006) were the first to our knowledge to develop empirical propositions taking a configurational approach. For the authors, the Job Characteristic Model tends to curtail the synergistic effects of work characteristics through a cumulative view (i.e., the multiplicative index of MPS) and therefore ignore the mutual reinforcement between dimensions. Moreover, they indicate that in work prior to the Job Characteristic Model Hackman and Lawler (1971) have used a configurational approach to test the hypothesis that motivation should be maximal when all dimensions are at high levels. Hackman and Lawler (1971) concluded that while the model taking dimensions as discrete and separate elements seems to be confirmed by the data, it has not been established that it was the best way to combine dimensions than other models.

In the context of lean production, De Treville and Antonakis (2006) suggest that contrary to the assumption of the Job Characteristic Model a job could still be perceived as "enriched" when it allows one to develop a large number of skills, when feedback is given to the employee, when tasks are perceived as significant and complete even if job autonomy is low. Their underlying proposition is that each dimension takes meaning in the context created with other dimensions and cannot be evaluated apart from this context. Based on these elements, it is possible that work characteristics interact with each other and affect one another.

Investigating this question is possible with a fsQCA approach which overcomes some limitations of conventional quantitative analysis (Ragin, 2008). Methodologically based on a set-theoretic approach (Fiss, 2007;Ragin 2008), configurations allow investigating the combinations of variablescalled in this approach conditionsthat lead to an outcome instead of evaluating their independent effect on a dependent variable. Briefly, configurational analysis with sets differs largely from conventional analysis such as correlations which adopts a symmetric view (Fiss et al., 2013). Configurations are based on asymmetric causation, and thus involve that the set of factors leading to the presence of the outcome might be different from the set of factors leading to the absence of the outcome. Furthermore, this approach also recognizes the existence of different paths (i.e., different combinations of conditions) which produce the outcome. Therefore, a fsQCA approach helps to account for equifinality.

In line with Ragin (2008), sets are formed on existing knowledge. The outcome set in this study is "innovative employees" and the set that entails the causal conditions is "enriched job" composed of high levels of job autonomy, of job complexity, of demand for constant learning, of specialization and of problem solving. The formulation of these sets is based on the theoretical arguments exposed above. Besides, as case-oriented researchers are familiar with, the more conditions are added, the more combinations are complex and difficult to interpret (Ragin, 2008), thus, we restricted our analysis to few work characteristics substantiated by the literature for producing or reinforcing IWB. Our proposition stands that multiple combinations of job autonomy, job complexity, specialisation, problem solving and demands for constant learning will be related to high/low levels of IWB.

Here we propose a different approach for studying the relationship between work characteristics and IWB. We argue that investigating the conjoined relationships of work characteristics explains their impacts on a particular outcome (i.e., IWB). In doing so, this approach helps the scientific literature to move forward from the study of independent effects.

Scholars need to further understand the combination of work characteristics as different levels of work characteristics may lead to the same outcome. For instance, white-collar workers have been deemed to experience greater work meaningfulness than blue-collar workers because of more enriched jobs (Lips-Wiersma et al., 2016). Still, even with less enriched jobs blue-collar workers also experienced meaningfulness in their work. Organizational scholars have recognized the promising avenue of a configurational approach for the work design literature (Johns, 2006(Johns, , 2010;;Lee & Raschke, 2016;Parker, Morgeson, et al., 2017). For Lee and

Raschke ( 2016), a synergistic approach may help to integrate all current knowledge from various disciplines and develop a more comprehensive theory about the phenomenon. Yet, to our knowledge a few empirical studies have investigated this approach with work characteristics (Cangialosi et al., in press).

Method

Data collection

The sample consisted of a large national Belgium company in the transport sector. The company has recently launched a program of digital transformation, therefore the context of this study is representative of the actual work context as many companies are facing new challenges with the introduction of disruptive technologies (Cascio & Montealegre, 2016). The service was more currently concerned by the digital transformation since tablets were introduced to employees. This study received approval from one ethics committee of the affiliated universities. Data were collected through an online questionnaire on Limesurvey platform. Participants received a communication from the company a few days before the researcher's e-mail to invite them to answer it. In the invitation e-mail, they were informed of the objectives and their rights during the questionnaire administration (e.g., withdrawal). Space was provided at the end of the questionnaire for written comments.

A total of 1207 employees received an invitation to participate of which 214 employees completed the questionnaire, thus representing a participation rate of 17.7%. Participants are from diverse occupations: maintenance agent, controller and technicians. Men constitute 96.7

% of the sample. The average age of the sample is 42.22 years (SD = 9.3) and the average tenure is 15.08 years (SD = 10.8). Flemish participants represent 46.7% of our sample.

Measures

All measures were translated into French and Flemish. For the French version, we used the scales developed and validated by Bigot et al., (2014) while for the Flemish version, we used the back translation procedure (Brislin, 1970).

Innovative Work Behavior. IWB was measured with 6 items from Janssen's (2000) scale.

Two innovation stages were evaluated, namely idea generation and realization. 3 items assessed the idea generation phase (e.g., "I generated original solutions for problems") and 3 items the idea realization phase (e.g., "I evaluated the utility of innovative ideas"). Respondents were asked to answer about the frequency of their behaviors over the previous three months using a five-point Likert-type scale ranging from "Never" (1) to "Frequently" (5).

Work Characteristics. Most measures were taken from the Work Design Questionnaire (Morgeson & Humphrey, 2006): job complexity (3 items, e.g., "My job comprises relatively uncomplicated tasks", reverse scored), problem solving (4 items, e.g., "My job requires unique ideas or solutions to problems"), specialization (4 items, e.g., "My job requires very specialized knowledge and skills") and job autonomy was measured by aggregating scores from the three subdimensions. These subdimensions are decision-making autonomy (3 items, e.g., "My job allows me to make a lot of decisions on my own"), work scheduling autonomy (3 items, e.g., "My job allows me to plan how I do my work") and work methods autonomy (3 items, e.g., "My job allows me to decide on my own how to go about doing my work"). Finally, demand for constant learning was measured with the scale developed by Xie et al., (2018) (5 items, e.g., "My job requires me to continually learn new technology, techniques, and ideas"). For all work characteristics, respondents were asked to answer using a five-point Likert-type scale ranging from "Totally disagree" (1) to "Totally agree" (5). The original answering scale did not assess respondent agreement and was not a five-point scale however, for consistency with the other scales and because we combined all work characteristics when assessing them, we decided to standardize the answering scale.

Results

Table 10 presents the descriptive analysis and correlations between the measures. To assess validity, we conducted first a confirmatory factor analysis to evaluate the measurement structure and all factor loadings reach acceptable values (≥ 0.40). Moreover, we checked for common method variance as respondents rated both the outcome and the causal conditions (Podsakoff et al., 2003). Proceeding to Harman's test, a single factor accounting for the covariance of all items explains 27.5% of their variance. This value is under the 50% threshold, indicating an absence of common method variance issues. All scales show acceptable reliability with Cronbach's alpha above the recommended value of .70. 

Data calibration and analysis

The purpose of calibration is to assign a degree of membership to all cases. To that end, the researcher must define three thresholds: value for full-membership (1.0), for full nonmembership (0) and for the cross-point (0.5). Following the recommendations of Schneider and Wagemann (2012), we first reviewed calibration procedures within articles examining the same conditions as ours to detect whether there was an established consensus. It seems that no scientific consensus or norms exist about our measurement scales. Hence, some researchers use percentiles to calibrate (e.g., Bouncken et al., 2020) or rely on scale anchors (e.g., Wu & Zhou, 2020) while others applied the two strategies depending on the condition (e.g., Whittington & Bell, 2016). Because "the graduation of a phenomenon makes sense only within and not across sets" (Emmenegger et al., 2014), we followed the latter strategy.

For IWB, because distribution parameters (e.g., skewness) displayed acceptable range (e.g., Kaya et al., 2020), we applied a calibration based on scale anchors where the researcher determines the thresholds. There is no consistent strategy among studies. Some consider the extremities as full membership and full non-membership and the middle point as the crossover point (e.g., Gabriel et al., 2018). We chose a calibration that allows us to capture both employees who have frequently many ideas and employees who have sometimes a promising idea which is going to be applied. To that end, we defined the following thresholds: full-membership (3), crossover point ( 2), full non-membership (1).

Our second set is the work characteristics set composed of high levels of job autonomy, job complexity, demand for constant learning, specialization and problem solving. The central issue is to know what an "enriched job" means. Yet, in the literature there is no clear cut to distinguish at what level a job can be said to be enriched. Besides, considering the skewness of two conditions, namely specialisation (-1.48) and demand for constant learning (-0.92) and the issue it might create (Schneider & Wagemann, 2012), we followed other empirical examples (e.g., Khedhaouria & Cucchi, 2019) and based our calibration on percentiles (5 th , 50 th and 95 th ).

Finally, to prevent some cases to be dropped during the analysis, we avoided setting calibrated values at 0.5. In the fuzzy-set logic, since the crossover point represents the point of maximum ambiguity, cases falling on this point cannot be considered either in or out of the set and are not analyzed. Table 11 displays the summary of the fuzzy-set scores applied in this study. All of the following analyses were run with the fs/QCA software (Ragin & Sean, 2016). 

Analysis of necessity

We first conducted necessity analyses for the presence and the absence of IWB.

Necessity is revealed when the outcome is a subset of the causal condition, meaning that the condition must be present for the occurrence of the result (Ragin, 2008). A condition is asserted necessary when the consistency value equals or exceeds 0.9 (Schneider & Wagemann, 2012).

As shown in Table 12, no conditions in our sample reach this value. However, one condition approaches this threshold for the absence of IWB which is the absence of problem solving (0.88).

Analysis of sufficiency

After necessity analysis, we computed the truth table including all possible logical combinations of the causal conditions and where each row represents a combination.

When reducing this truth table with the Quine-McCluskey algorithm, we established a frequency threshold of two cases because of our large sample size. Though no specific consensus has been established, Ragin (2008) recommended that the consistency threshold should be no less than .75, we applied a threshold of .85. Only configurations with an acceptable PRI value (≥.50) were included to tackle the skewness issue about simultaneous set membership (Schneider & Wagemann, 2012). Sufficiency analysis was then conducted to identify which causal conditions or combinations of causal conditions are enough for the outcome to occur. We also run the sufficiency analysis for the absence of the outcome, but the consistency of the truth table is not satisfactory. The analysis produces three solutions: a complex, an intermediate and a parsimonious solution. Each solution implies a different way to deal with counterfactuals where the complex solution does not deal with them, the intermediate allows only easy counterfactuals and the parsimonious comprises both easy and difficult counterfactuals. When comparing the intermediate and parsimonious solutions, a difference between "core" and "peripheral" conditions can be made: core conditions being present in both while peripheral only being present in the former. Fiss (2011) characterized "core elements as those causal conditions for which the evidence indicates a strong causal relationship with the outcome of interest and peripheral elements as those for which the evidence for a causal relationship with the outcome is weaker" (p.394).

Results are presented in Table 13 showing 8 solutions paths or configurations. Solution consistency is an indicator of a perfect subset relation and represents the degree to which all cases displaying a given combination of conditions agree in exhibiting the outcome (Ragin, 2008), thus consistency is reduced by the presence of contradictory cases. Solution coverage reveals how much of the outcome is explained by all solution paths (Schneider & Wagemann, 2012). It is often assimilated as the strength of the empirical link between the condition or combination of conditions and the outcome. Coverage can also be partitioned between raw and unique coverage. Whereas raw coverage accounts for how much each path covers the outcome, the unique coverage reveals the unique contribution of each path for covering the outcome, implying no redundancy between them.

Table 13. Intermediate solution for the occurrence of IWB Blank spaces indicate "don't care"-i.e., the condition is not relevant to that particular configuration in regard to the outcome. Large circles suggest "core" or central conditions, while small circles indicate "contributing" or peripheral conditions.

Configuration C1 C2 C3 C4 C5 C6 C7 C8 CP • • ⌀ ⌀ • SP • • ⌀ ⌀ DCL • • ⌀ PS ⌀ ⌀ • • • AU ⌀ • ⌀
Table 13 shows 8 solution paths that explain the occurrence of IWB with an overall good solution consistency (above the minimum threshold of .75) and a solution coverage of .80.

All configurations show a satisfactory consistency value (≥.80). Each of them displays a path in which conditions are combined in a way that is sufficient for the outcome to happen.

First configuration (C1) shows that demand for constant learning needs to be high and problem solving low in the work content for eliciting high levels of IWB. Employees in this configuration have jobs that require keeping updates (e.g., information watch) while having low levels of problem solving. C2 also points to the role of high levels of demand for constant learning in association with high levels of specialisation. The third configuration posits high level of both complexity and specialisation that indicates a reinforcement between the two conditions. C4 suggests that complex tasksone way through which challenge has been operationalizedare enough for employees to adopt high levels of IWB when work situations are characterized by low levels of problem solving and autonomy. C5 shows a configuration where high levels of autonomy and low levels of specialisation and complexity leads to high levels of IWB. C6 highlights the need for high levels of problem solving for high levels of IWB while levels of complexity, demand for constant learning and autonomy should be low. The seventh configuration posits that specialisation is not mandatory to be highly innovative when having high levels of problem solving and autonomy at work. Finally, the last configuration suggests that high levels of complexity, problem solving and autonomy combine for the occurrence of high levels of IWB.

Sensitivity analyses

For checking the sensitivity of our results, we operated slight modifications to the frequency threshold, to the consistency threshold and to the calibration (Emmenegger et al., 2014;Khedhaouria & Cucchi, 2019). We changed our frequency cut-off to 3 and following Khedhaouria and Cucchi (2019), we slightly modified our calibration for full membership and full non-membership (i.e., 10 th , 50 th , 90 th ). Solution consistency and coverage are satisfying for both checks. When comparing the results, little changes in the configurations can be noticed while most of them remain the same (6 out of 8). Tests reveal our results are robust with the exception of the sufficiency of problem solving in the third configuration and the instability of the seventh configuration.

Discussion

This study shows the interactions between several dimensions inside the model of work design that lead to the adoption of IWB by employees. Our results indicate 7 different robust combinations of work characteristics which constitute various ways to be highly innovative.

Evidently, the componential model (Amabile, 1988) has been developed for explaining the first stage of innovation (i.e., idea generation). Still, these results may have partial implications for the componential model as they highlight the conjunction of some work environment components. For other models involving creativity or innovation (e.g., work design), our results can also allow outstepping the traditional linear relationships. Some configurations may be instructive especially those displaying low levels of some conditions as theories and models not often hypothesize them. But first, the analysis of necessity reveals that no condition is a prerequisite for IWB to occur in our sample: work characteristics selected in this study sometimes help, are sometimes important and sometimes not relevant. The fact that no necessary conditions were found challenges the idea of domain-relevant skills as a prerequisite for idea generation. This means that IWB can appear even without domain-relevant skills.

Moreover, fsCQA allows distinguishing between core and peripheral conditions. Again, in our study specialisation is not identified as a core condition while all others are. Specialisation is therefore a peripheral condition, signalling a less essential element "perhaps even expendable or exchangeable" (Fiss, 2011, p.394). This entails weak evidence for a causal relationship with IWB. Possible explanations could be that the job aspect of specialisation is not a suitable operationalisation for domain-relevant skills or that specialisation is a key element mainly for idea generation rather than for the broader construct of innovation.

The first configuration indicates that employees in works requiring to stay updated about any novelty in the occupation or sector adopt IWB probably through the capitalization of knowledge acquisition. A typical example of IWB in this configuration could be trying to reproduce what already exists in some organizations on their own. This configuration also informs that demand for constant learning and problem solving appear to be conflicting goals.

C6 also stresses the non-complementary of problem solving and demand for constant learning.

Besides, any configuration displays the presence of both conditions. In C6, employees are facing high levels of problem solving which means being confronted to cognitive processing demands that require original and innovative ideas (Morgeson & Humphrey, 2006). Therefore, problem solving per se may elicit innovative solutions. That may explain why in the necessity analysis problem solving has been found close to the threshold. This last finding implies a possibility that when a work does not contain problem solving, IWB may not occur.

These results suggest that information search is more likely to produce IWB when motivated by learning instead of finding a solution to a problem (C1). Conversely, in our sample, when employees are dealing with delicate problems, it seems that they are looking for a more practical, hands-on solution (C6). This finding of conflicting goals can be explained by cognitive literature emphasizing human limited attentional resources. The ability to execute two competing activities depends on the allocation of attention for each. As the demands for one task increase, fewer resources are available for the other (Wickens, 1980).

Cognitive load can also help to elucidate other configurations in our sample. C4 teaches us that in the presence of complex tasks employees can adopt IWB even if autonomy is low. In this configuration, employees are probably facing difficult and challenging tasks yet achievable and feasible. Complex tasks arouse intrinsic motivation and encourage the examination of alternatives and new ways for executing tasks, thus leading to IWB. Though, autonomy is often conceived as an important job resource that helps to alleviate demanding tasks (Demerouti et al., 2001). The same is true for C6 where autonomy is not required to be highlike demand for constant learning and complexitywhile problem solving is. A possible explanation may be that when challenge is not unattainable (either complexity is high or problem solving not both), autonomy is nonessential to handle it. Thus, autonomy is not a prerequisite when being confronted to a manageable challenge. In contrast, C8 points that autonomy is a support when facing both high complexity and problem solving, maybe when challenge is greatest. Cognitive research indeed informs that when challenge does not exceed them, the cognitive resources are not entirely depleted and performance of the task is not impaired; when challenge is high, the cognitive resources can be drained and performance can be altered. To mitigate this alteration and still meet the demands, one can rely on another work resource namely autonomy or job control that allows employees to choose the best strategies to deal with them (Karasek, 1979).

Several configurations reveal the combination of two or more conditions (i.e., C2, C3, C8). C2 shows that specialisation and demand for constant learning go hand in hand for being highly innovative, thus supporting the reinforcement we hypothesized. Drawing on the componential model, it seems that domain-relevant skills are supported by the update of one's knowledge by reinforcing and extending skills. Not only one needs to be familiar with the subject or the field to find new ideas but also needs to keep update about its evolution to acquire knowledge upon which the construction of new developments is possible. This reinforcement effect may also be true for specialisation and complexity (perhaps also problem solving) (C3).

This configuration may be evidence for the conceptual proposition that idea generation is providing stimulus and interest for the task and eliciting intrinsic motivation and on the other hand, the freedom to pursue ideas to overcome and address the challenge. Reinforcement between the two conditions makes sense since people gaining autonomy at work may be willing to be in charge of more complex tasks that require them to be more innovative (Frese et al., 2007;Parker et al., 1997). This configuration is also in line with the assumption of the work design model (Hackman & Oldham, 1976;Morgeson & Humphrey, 2006): the higher levels of work characteristics the better.

C5 shows that specialisation and complexity should be low when autonomy is high. In this configuration, autonomy seems to offset the need for specialisation and complexity so that there is little need to have specific knowledge about the field nor complex tasks to be highly innovative. In this configuration employees can make improvements on pretty simple tasks which do not require specific knowledge because they can take decisions for little changes in the way they are doing things. In these cases, employees can be innovative for example around the organisation of work (e.g., how to communicate, how to collaborate) instead of the content of work. C5 can be viewed in the light of C3 (i.e., high presence of both complexity and specialisation). While C3 is an illustration of key components for idea generation which are domain-relevant skills and challenge that fuel intrinsic motivation, C5 may relate more to the broader construct of innovation for which autonomy plays an important role. First, autonomy can promote idea generation by strengthening flexible role orientation where employees define more broadly their role at work. The extension of work role for including more tasks or responsibilities may advise the way one is doing things because the employee can learn other work methods. But compared to idea generation, the overall process of innovation requires employees to be confident about their skills in order to be persistent until the successful implementation of the idea in the organization. To this end, autonomy reinforces employee selfefficacy through the mastery experience it represents. By boosting their sense of self-efficacy, employees will be less likely to give up in the face of difficulties and more willing to put extra effort into pursuing their ideas (Bandura, 1997).

Finally, C7 suggests that when challenge and freedom are high, domain-relevant skills may be not relevant for the adoption of IWB. Having high levels of problem solving strives one to find original solutions and autonomy supports the investigation of possible solutions by controlling when and how to examine and focus on problems. Yet, our checks provide evidence that this configuration is a less robust solution. Despite one configuration (C7), these checks give confidence about the robustness of the identified solution paths. The little change in C3

does not contradict the explanation we provided. The reinforcement between specialisation and challenge (i.e., complexity and problem solving) may still be a logical explanation.

Overall, these results give a more complex view about how different job factors combine to influence IWB than traditional studies investigating how each independently influences them. Besides, this study has important implications for the work design model. Our results challenge the assumptions behind it. In particular, none of the work characteristics are necessary and they are not always needed at high levels to elicit innovation. In some situations, high levels of specific work characteristics are irrelevant. The configurations identified demonstrate that work characteristics are not solely discrete: they can be interconnected and their conjunction causes particular outcomes. Today, models dealing with job design or work design do not consider the interconnection between the dimensions. Therefore, the results stress the need for new conceptual developments embracing higher complexity in the relationships between work characteristics. New developments should incorporate hypotheses about if, when and how work characteristics or categories (i.e., task characteristics, knowledge characteristics, social characteristics, contextual characteristics) are linked. For example, in our study relevant knowledge characteristics related to the literature on innovation are supported by autonomy (i.e., task characteristics) when the amount of load is too high, with high levels of complexity and problem solving, while autonomy is irrelevant when the level of only one of them is high.

Our results show support to theoretical frameworks suggesting that 1) a certain amount of challenge can be beneficial for employee outcomes such as innovativeness, yet high levels of challenge can represent a stressor which will inhibit IWB and 2) autonomy helps to alleviate the negative effects of high job demands (Demerouti et al., 2001;Karasek, 1979). But more interesting for new conceptual developments may be the identification of two conflicting goals (i.e., demand for constant learning and problem solving). As prefigured previously, learning can be undertaken through the acquisition of new schemas that will reorganize precedent knowledge. Therefore, cognitive resources that can be allocated for other goals are reduced.

Moreover, our sample is composed of operational jobs. So, when employees are confronted with delicate and unprecedented problems, quick responses can be requisite for which meansends process may be more suitable. Under high time pressure, employees may not have the cognitive resources to engage in a learning process.

Practical implications

Our results may be useful for organizations looking for a strategy to prompt innovation as they display various means which lead to IWB. They demonstrate that there is not one best way to elicit innovation but multiple paths that management can shape. Indeed, people with formal authority in the organization are usually in charge of shaping employee work design (Parker, Van den Broeck, et al., 2017). Today, a great deal has to be done regarding the issue of work design (Parker et al., 2019), thus it might be an opportunity for those with authority to address this issue by designing work in a way that can foster innovation. In the first place, it is worth recalling that configurations do not represent different employees each time but rather different situations from which innovation can occur. As a result, taking into account all the identified characteristics when designing works may be more beneficial than targeting one or two specific configurations to maximise the situations where employees will adopt IWB.

However, when considering knowledge characteristics practitioners should keep in mind two things.

Practitioners should be aware of the seemingly incompatibility of demand of constant learning and problem solving, hence it should be ensured that employees are not asked to execute a task requiring both. Practitioners should also provide a manageable level of challenge to induce intrinsic motivation in employees and so that employee cognitive resources are not depleted for being innovative. Otherwise, it is critical to grant autonomy for allowing employees to deal effectively with high loads. Either way, practitioners can enhance the level of autonomy as it has many other positive effects. Autonomy is positively related to job satisfaction, organizational commitment, job involvement and internal work motivation and negatively related to absenteeism, stress and anxiety (Humphrey et al., 2007).

Nevertheless, practitioners should also be aware of other important factors to take into consideration. As the scientific literature has highlighted, the creative and innovative process can be affected by organizational factors. Following Amabile and Pratt (2016), for fostering them, organizations must provide a driver which is the motivation to innovate, signalling the orientation of the entire organization towards innovation. This motivation can be expressed through an openness to new ideas and a rejection of the status quo. Organizations also need resources relevant for the task domain such as experts in the domains or access to relevant information. Finally, the authors underlined the need for organizations to develop skills in innovation management including among other things supportive and collaboration practices, setting clear goals or giving feedback.

Limits and future research

Even presenting new avenues for theories and models dealing with innovation and creativity, our study is not without limits. Our cross-sectional design restricts the scope of the findings and other studies should replicate them. Other studies could use other constructs to measure domain-relevant skills in order to test the assumption of a prerequisite for idea generation.

Another limitation may be the use of self-reported measures for both IWB and work characteristics. Self-reported measures may inflate the results due to common method variance (Podsakoff et al., 2003). For instance, respondents may hold implicit theories about the link between work design and IWB that can affect their ratings. However, job incumbents have been found to be good descriptors of their work, recognizing objective changes in some aspects of it (Morgeson & Campion, 2003) and Parker et al., (2021) recommended using no indirect information to infer work characteristics such as Occupational Information network (O*NET).

Regarding the outcome, IWB encompasses some internal cognitive processes (e.g., idea generation) that cannot be assessed by other informants. In addition, we controlled for common method variance threat with statistical analyses.

Future research may integrate other conditions. For a matter of complexity, we focused only on work characteristics, yet other work characteristics can be investigated such as social support (especially leader support) that has been identified as relevant for idea generation through among other things the help provided (Amabile et al., 2004). As mentioned before, being an interpersonal process, innovation may also require social support in the organization.

Other job factors such as time pressure can be included in the analysis since it has been conceptualized as a challenge-related factor (Amabile et al., 2002;Ohly & Fritz, 2010).

Considering that a certain amount of time pressure can represent a challenge and too much of it can result in a stressor, it is possible that some of the results would be slightly different under different levels of time pressure. Beyond more contextual factors, personal factors can also be included like creative self-efficacy or risk-taking tendency to test the interactionist perspective (Woodman et al., 1993) or personality traits to better understand the situations in which they interact with work characteristics to elicit IWB (Tett & Guterman, 2000).

Regarding the outcome, it would have been interesting to identify specific configurations for the different stages of innovation separately. Finally, we believe that fsQCA is an interesting road for researchers for examining how the multiple dimensions of the work design model interconnect to influence outcomes of interest. Future studies can do likewise for other outcomes like motivation which is the core assumption of the model or all kinds of performance.

Chapter 5 -Development and Test of a Perceptual Technological Agency Measure (TAGEN)

Introduction

Today, the organizational and work context is going through many changes. The way of working is evolving with an increase in flexibility at work, a rise of self-employment and the emergence of "gig work" (Spreitzer et al., 2017). Organizations are implementing new strategies such as "bring your own device", value creation from data and the promotion of services over products (Doargajudhur & Dell, 2019;Vial, 2019). The technical and technological context are also transforming organizations with the introduction of new disruptive technologies (e.g., artificial intelligence) that may turn them into "smart factories" characterizing more connected factories (Aoki, 2021;Culot et al., 2020;Schwab, 2017).

Here, we focus particularly on the technological context as it seems that all these transformations are enabled or at least stimulated by technological advance. For example, the emergence of gig economy has been facilitated by the dismantlement of work in specific tasks with the help of technologies (Spreitzer et al., 2017). This technological advance implies great modifications in the workplace thanks to unprecedent technological possibilities. For instance, artificial intelligence can execute increasingly complex actions (e.g., handle complex data and a significant volume of data, create a music or a painting) permitting an expansion of automation (Tschang & Almirall, in press). Moreover, technologies are growingly interconnected through IoT (Internet of Things) and cloud technologies (Frank et al., 2019) allowing the communication and the storage of a large amount of data. For some authors, we have entered a digital era where physical and virtual world are interconnected and have reached a stage of an ubiquitous computing (e.g., Cascio & Montealegre, 2016). Considering all these elements, it appears that this new work context may be characterized by its digital component.

Therefore, we choose to refer to it as the digital work context.

Work context in general may be difficult to capture, therefore its effects aroused little attention until its consideration was renewed thanks to Johns (1998Johns ( , 2006Johns ( , 2018)). As the author emphasizes, work context encompasses the general circumstances in which people develop themselves, transient events and changes in these situations as time goes on. It comprises both constraints and opportunities and is an important matter for industrial and organisational psychologist because it influences one's cognitions, affects and behaviors through the experienced stimuli. Indeed, work context may narrow the range of behaviors adopted, may shift the direction of a cause or the sign of a relationship, may induce curvilinear relationship or limit the generalization of results, etc (Johns, 2006). Accordingly, if work context is undergoing some transformations, there is a need to describe these changes and their effect on organizations and employees to better understand this new context and the behaviors that occur within it.

It appears also necessary to know if and how these transformations in the work context have some implications on the nature of work. Several scientific researchers have emphasized a change in the nature of work and invoked the use of advanced technologies to explain it (Grant et al., 2010;Humphrey et al., 2007;Oldham & Hackman, 2010). As stated by Oldham and Hackman (2010), " […] we presently are in the midst of what we believe are fundamental changes in the relationships among people, the work they do, and the organizations for which they do it" (p.466). Thus, how employees perceive their work under the digital work context and how they perceive it while dealing with digital technologies seem to be primary research questions. When talking about digital technologies, we are not referring to information and communication technologies (ICT) whose effects regarding the nature of work have been studied elsewhere (e.g., McFarland & Ployhart, 2015). Instead, this study deals with technologies that have been newly introduced in organizations and whose effects are not well known (for a review see Zheng et al., 2021). Given the novelty of these technologies, the emergence of this digital work context may still be at its infancy though signs of change are multiplying. Therefore, we may not have yet an overall view of it.

In this study, we are interested in the employee perception of the technologies they use as it may have been modified by the growing possibilities held by technologies. These new technologies have gained abilities never seen before and this gain may radically alter the human-technology interactions at work (Murray et al., 2021;Parker & Grote, 2020). We draw on the Social Cognitive Theory (Bandura, 1997) As such, it can be a potential mechanism to explain the employee behaviors in this new work context.

5.2

Agency and New Developments 5.2.1 Agency in Social Cognitive theory Bandura (1997) in the Social Cognitive Theory conceives human beings as being influenced by environmental (e.g., contextual, societal), internal (e.g., cognition, affects) and behavioral factors. These factors interact through a triadic reciprocal causation to determine human functioning but depending on the circumstances they do not exert an equal force. This means that human behavior is not only influenced through a unilateral way by the environment but can also be shaped by internal factors. In Bandura's conceptualisation, people are not solely programmed beings reacting to the events they experience and following their inner scripts.

They are active in their environment and play a role in its construction, although they are also products of the environment. They can modify it and in doing so may transform themselves by changing the effect of contextual influences. Because human beings have the capacity to influence the course of their life or events, Social Cognitive Theory has an agentic approach. Agency as defined by Bandura (1997) represents the capacity of a being to act on its environment in order to influence or shape it and to influence its own functioning. To be "agent" in a situation means to make things happen by one's own action. Agency is characterized by some basic human capabilities to reflect upon, initiate and regulate one's behaviors.

Human agency is composed of four core features: intentionality, forethought, selfreactiveness and self-reflection (Bandura, 2001a). Intentionality refers to the deliberate will to carry out an action. Every deliberate action is nested in an intention and a planification. Agents seeking for self-influence are not waiting for the course of events. As such, intentionality is expressed through the ability to make choices and to formulate strategies and plans to realize the actions. For instance, following a manager's demands is not an action reflecting employee intentionality while trying to change an organizational procedure on one's own to be more efficient or helping a colleague with an issue without being asked is. Forethought reflects the capability to anticipate. Anticipating is an essential aspect for realizing an action as it is important to envision the future and the events that may come to thwart plans. The anticipatory capability entails taking into account possible events that may hinder plans, predicting the consequences of actions or forming several future scenarios. Therefore, it helps to guide people behaviors towards the desired results by having analyzed the available options. Selfreactiveness reflects the ability to regulate the execution of actions and to motivate people to achieve the desired ends. When agents have formulated plans to reach goals, they need to adopt behaviors allowing them to stick to the plans. Regulation processes are thus essential such as self-monitoring, self-evaluation and self-guidance. This self-regulation capability allows to make judgment about performance, evaluate progress and compare it against fixed standards or objectives. The perception of a discrepancy between fixed standards and performance motivates agents to reduce it. Agents are then prompted to take actions to adjust themselves and attain the goals. Finally, self-reflection is a metacognition ability. With this ability, people are able to examine their own functioning, the appropriateness of their thoughts and actions and to reflect upon them. People engage in processes of verification and examination. They will examine their cognitive or behavioral processes in light of their moral values and the meaning they intend to give to what is undertaken. Beliefs and predictions are also compared to the outcome of the actions or the actions of others. For example, in the organizational context, feedbackeven from othersmay initiate self-reflection as it constitutes an opportunity to contemplate actions undertaken and their results (e.g., failure, success).

Human agency has also been widely studied through the core concept of self-efficacy (e.g., Bandura, 1982). However, for the initial development, we are not interested in studying the employee perception of themselves while interacting with digital technologies but in studying the employee perception of agentic capabilities in technologies. Recently, new measures have been developed to consider agentic core features (e.g., Cenciotti et al., 2020;Code, 2020). Cenciotti and colleagues (2020) focus on agency through capabilities and Code (2020) is interested in agentic processes in learning. To the best of our knowledge, there is no existing measurement to assess perceived agency in technologies. While it might seem odd, current technological advance have raised questions in scientific community, as discussed below, about human agency in interaction with technologies. transform "the nature, reach, and loci of human influence" but at the same time can weaken collective efficacy as "people neither understand nor believe they can do much to influence" them (Bandura, 2001a). Technologies can also affect personal efficacy as work goals, work methods and skill requirements can be modified with their implementation.

In other disciplines, where human agency is defined as having the perception of controlling both one's body and environment, studies interested in the relationship between technologies and sense of agency have focused on their design to preserve that sense (e.g., Pritchard et al., 2016). More particularly, in the field of automation, it has been found that full automation is related to a decrease in sense of agency. In an aircraft task, Berberian et al., (2012) placed participants in several conditions differing on the level of automation (i.e., from full operator control to full automatic control). Results show that as the level of automation increases, participants estimated a longer temporal interval between their action and the outcome. This temporal interval is an operationalisation of an implicit sense of agencyopposed to explicit attribution of agency. Therefore, the more the task was automated, the more the sense of agency endures a decrease. In view of these findings, scholars have advocated for well-designed automation over full automation that ensure people an optimal control over tasks (e.g., Shneiderman, 2020).

Other research has focused on the effect of collaboration between humans versus between humans and technology on sense of agency. In ordinary conditions, in the presence of other people one's sense of agency is lessen because of a diffusion of responsibility (Beyer et al., 2017). Interacting with others for achieving a task implies a shift into a "we-mode" where the attribution of control is fuzzier (Wen et al., 2019). When interacting with robots, participants rate their sense of agency lower than in the individual condition even if they succeed in the task (Ciardo et al., 2018). Although these findings suggest that the same effect may be occurring, a review draws that co-acting with a technology leads to no implicit sense of agency (Limerick et al., 2014). In sum, these results show that technology can serve as a vehicle for human agency through which people exert influence on their environment but technology can also affect one's sense of agency either by diminishing it or by obstructing its appearance. Assuming they hold true for organizational setting, these findings also raise a question: if interacting with technologies produces a lower sense of responsibility and control at work, will employees still enact behaviors aimed at shaping their work environment?

These relationships in organization-based field studies have yet to be substantiated.

Today, what can be seen is that technological properties are evolving. Some authors pointed their possibilities of developing protocols, selecting actions, learning and making predictions (e.g., on the solvency of customers), gathering information from natural language, interpreting this information, detecting some induced rules or giving orders to other systems (Ferràs-Hernández, 2018;Murray et al., 2021). New technologies may be now able to determine rules and guidelines on what should be done and how as well as to make choices between several options. They can also evaluate the results of their actions and adjust their program. Thus, they

have reached what can be considered exclusive human capacities. Building on the social cognitive framework (Bandura, 1997), we postulate that these unprecedent properties may look very much like human agentic capabilities (e.g., examining their actions and adjust them is similar to learning) and that employees may perceive these technologies endowed with some agency. Fortified with these possibilities, digital technologies may be perceived as agents alongside humans because these possibilities mimic some human agentic capabilities. For instance, learning property enables non-human systems informed with knowledge, thus both employees and technologies will possess knowledge about work process. Moreover, for Parker and Grote (2020), new technologies have reached the same level of opacity as humans.

For now, it is known that technologies have an effect on individual behaviors and internal processes (e.g., work motivation) via their influence on self-efficacy beliefs, which reflect the perception of one's capacities when dealing with them. From this self-efficacy perception, people derive the sense of being an agent in their environment and the belief that can shape it. Today, since technologies may become agents as humans in the work environment and can in line with the findings from other disciplines reduce individual perceptions of controlling and influencing it, a remaining question is whether this has reciprocal possible consequences on the main driver of human action.

We propose that actual technologies because of their agentic capabilities are likely to impact one's own perception of his or her agency at work. Facing the evolution of technological possibilities, these elements bring to the question of the redefinition of human being and his or her role at work since technology and human still constitute interdependent entities. These unprecedent possibilities lead some authors to reconsider the way in which humans and technologies share agency (e.g., Murray et al., 2021;Parker & Grote, 2020). Recently, Murray et al., (2021) proposed the concept of conjoined agency to express a shift in the locus of agency and the idea that humans and technology may now share the capacity to exercise intentionality.

Depending of the type of technology they highlighted (i.e., augmenting, assisting, arresting, automating), this conjoined agency may have different forms. For example, while assisting technology can be conceived as a helpful tool as the locus of agency is still human, automation can relocate employees from an active position where they use their skills to a passive position where they monitor the process since automating technology may substitute humans.

Consequently, all these elements contribute to granting agency to technology. Based on Bandura's (1997) definition, we define technological agency as the perception of an ability in machines, tools and other technological equipment to exert influence on the physical world and on themselves through actions.

Our proposition does not stand that technologies possess agentic properties as humans but that the result of their actions may be interpret by employees as simulating human agentic capabilities. Indeed, previous research has shown that although recognising that technologies are not endowed with consciousness, people tend to treat them as humans by being polite or reciprocating the actions of technologies (e.g., Nass & Moon, 2000). These observations have been explained by the absence of interactional script with technologies: people apply social rules when they interact with technologies because these are the only rules people know.

Moreover, concluding remarks from Ciardo et al., (2018) also stated that participants attribute mental states to the robot in the way they do for humans. Other studies have noticed that people lend human properties to technologies such as perception of mind (e.g., Abubshait & Wiese, 2017). Therefore, we believe that people may interpret actions of digital technologies based on human interaction scripts. The script we are referring to is the assumption that behind any deliberate actions, there is a goal or a purpose that people sought because goals are the drivers of action (e.g., Frese & Zapf, 1994). We assume that this logic (i.e., to grant a purpose justifying some behaviors) applies in the same way for technological behavior.

Because intentionality is expressed through choice making and the formulation of strategies or plan (Bandura, 2001a), we propose that intentionality in technologies may be acknowledged through their decision-making process and the elaboration of protocols. Selfreactiveness may be recognized through the modification of technological functioning.

Forethought might be perceived through technological possibilities of anticipation and prediction of events. Finally, because self-reflection actions are internal activities which do not have visible results, we do not believe that this capacity can be perceived and interpreted.

Therefore, we do not make any development for this feature.

Convergent and discriminant validity

Convergent and discriminant validity involves testing the extent to which a measure relates positively to other constructs theoretically similar and negatively to constructs with which the measure differs theoretically.

General self-efficacy. As drawn on social cognitive framework, a principal tenet of the theory is the concept of self-efficacy which is conceived as the motor of human action (Bandura, 1997). Self-efficacy reflects individual beliefs about his or her capacities to perform in a specific situation. This belief influences among other things the choice of actions that individuals take, the efforts they put into pursuing the action or the way they face obstacles.

Self-efficacy may also be analogous to perception of control (Vancouver & Purl, 2017). To integrate the technological agency concept into the theoretical framework of Bandura (1997),

it is important to assess its link with self-efficacy. Even if Bandura (1997) assumes that taskspecific self-efficacy are better suited when examining a particular situation, scholars have also investigated self-efficacy as a trait coined as general self-efficacy. General self-efficacy is presumed to be a stable motivational trait and generalizable across different contexts. Thus, it

represents the beliefs about one's capacities to meet the situational requirements across a variety of situations (G. Chen et al., 2001).

As mentioned above, it is possible that the more technologies are perceived as agentic, the less people perceive themselves as agentic in these situations. When being agentic, humans believe that their actions can change the environment as they play an active role. Yet, since technologies pervade everything and all spheres of life (Cascio & Montealegre, 2016), individuals with high perception of technological agency may feel as having a more passive role. The beliefs that they can produce an effective change when interacting with technologies having agentic properties can be called into examination. We posit that this can restructure selfefficacy beliefs, both general and more specific, as the way to meet the demands of the environment may change.

Sense of competence. Contrary to general self-efficacy, sense of competence constitutes a state dimension. Sense of competence describes one's self-evaluation of his or her capabilities to perform, thus it is close to self-efficacy (Battistelli, 1996;Spreitzer, 1995). Here, we were interested to evaluate the perception of oneself while interacting with digital technologies. Since a specific measure of self-efficacy in the context of digitalisation has not yet been developedand it might be too soon as the features characterizing this context are not fully graspedwe opted for assessing perceived sense of competence.

Based on the previous elements, there should be an association between the perception of technological agency and one's sense of competence. Besides, with agentic properties, technologies have reached the same level of opacity as humans (Burrell, 2016;Parker & Grote, 2020). As a result, it might be difficult for workers to understand their actions and the selection of actions technologies undertake. As they are no longer capable to understand the technologies, employees might question their own abilities to work with them.

STARA awareness. STARA is an acronym that stands for Smart Technology, Artificial intelligence, Robotics and Algorithms (Brougham & Haar, 2018). STARA awareness captures the extent to which people believe that they could be replaced by these technologies in their work. If people perceive that digital technologies are able to replicate some human capabilities related to agency, they may perceive their work or the tasks within it as being in danger of automation. As a result, they can perceive that their work may fully change because of these technologies although this replacement is more likely to take place to a certain extent at the task level rather than at the job level (Parker & Grote, 2020).

Performance. Although there has been little research around the concept we intend to develop, we were interested to explore the potential link between technological agency and some features of employee performance. On one hand, these agentic properties represent technological advance that can help workers to fulfil their work missions. For instance, thanks to forethought property some negative events impacting the organization or goal attainment can be prevented (e.g., production downtime, asset failure) and workers might take better informed decisions. By learning and improving their programming, they may also find unusual and surprising facts or relationships in the work environment. This information gain may be valuable for workers to execute their missions. On the other hand, it is possible that the more people perceive technologies to be in control of work situations, the less they may feel in control and the more they may feel passive. As reported by Parasuraman and Manzey (2010), automation studies have shed some light on the passive position that workers might have and its consequences for performance: when being in a more passive position performance to detect default or failure was hindered. Finally, evidence from other disciplines in which sense of agency is similar to the perception of control on oneself and one's environment offers another insight. Regarding Wen's et al., (2019) review, the relationship with performance may be not uniform as some studies have reported that a semi-automation situation where for instance the technology assists participant can increase performance and maintain the sense of agency and others have found that sense of agency can be impeded depending on the object of assistance (e.g., trajectory assistance, goal-directed assistance).

5.3

Study 1: Initial development of Technological Agency Measure

Procedure

The development of this measure has been informed by interviews carried out in a previous phase study. Then, we reviewed the scientific literature for identifying existing measures and ensuring that the construct is conceptually different from previous ones. This literature review helps us in generating relevant items for the construct. We also followed Zickar's (2020) recommendation for the best practices to write them (e.g., simple, direct language, non-ambiguous terms). Several items were created for each dimension (i.e., intentionality, self-reactiveness, forethought). A small team of experts has evaluated the items.

Then, we pretested the items on a student sample for checking clarity and redundancy.

Respondents were asked: "think about your experience with the technology(ies) that you use in your work. What is your level of perception of the following proposals?". All items are scored with the following scale ranging from 1 (not at all) to 5 (completely).

Context

The context of the study is a Belgium company in the transport sector. The company which is present at the national level has decided to digitalize many of its activities. This digitalisation aims not only at reducing paper procedures but also at automating some process, setting up a history tracking of its assets, introducing new software for managing the assets and dealing with the occurrence of problems. Therefore, this digitalisation implies new work procedures and methods as well as new work habits. In this company, two services are more currently concerned about the mentioned changes. In the first one, tablets are introduced to operational and technical employees. In the second, employees have to deal with new software and solutions for managing assets in real time but also unexpected problems.

An online questionnaire was used via Limesurvey platform to collect responses. A communication mail from the company was sent few days before participants received the mail with the link. The questionnaire was proposed in two languages: French and Flemish following the translation procedure suggested by Brislin (1970).

Sample

A total of 364 employees completed the questionnaire representing a rate of The average age of the Flemish sample is 42.24 years (SD = 9.12) and the average organizational tenure is 14.83 years (SD = 10.31). 48.4% have a master degree. 91.8% are male respondents. 52.7% are participants from the service that experienced the introduction of tablets while 47.3% are from the service that experienced new software and solutions in their everyday work activities.

For the French sample, the average age is 45.11 years (SD = 9.63) and the average organizational tenure is 18.44 years (SD = 11.24). 90.6% are male respondents. 60% have a high-school degree. 48.3% are participants from the service that experienced the introduction of tablets while 51.7% are from the service that experienced new software and solutions in their everyday work activities. One should note that a difference between the two subsamples lies in the level of qualification.

Results

All analyses were made with Mplus 8.4 (Muthén & Muthén, 2017). To evaluate the factor structure of our construct, we proceed in an exploratory factor analysis (EFA). The purpose of EFA is to explore the links between items and model these links in one or more latent factors (Goretzko et al., 2019). We chose an oblique rotation (Geomin) since our factors should be interrelated and used the WLSMV estimator because of the non-normality of our items (Lloret et al., 2017). To decide the number of factors, we relied on the most common criterion: eigenvalue > 1. Chen et al., 2008). The comparison of these two models shows that the three-factor model surpasses the two-factor model (ꭓ² (10) = 140.930; p < 0.000). Given these results and driven theoretically, we retain the three-factor structure that explains 78.75% of total variance. Excepted one item (item 5), all items load on the expected factor and all factor loadings are above 0.4. Reliability of the measure as well as its subdimensions is satisfactory (≥ .70). Correlations between factor reveal one of them is not significantly related to the others (Table 15). Results are reported in Table 14. 17).

Reliability of the measure as well as its subdimensions is satisfactory (≥ .70). Results are reported in Table 16. 

Discussion

This study aims at exploring the factor structure of the technological agency measure in a French and Flemish sample. Results show a factor structure that is clearly in line with our theoretical assumption in the French sample, less clearly in the Flemish sample. This difference is assumed to be caused by a translation defect. Our measure has been first developed in French, hence this difference could reflect a different understanding for some items. Therefore, these results advise us to strengthen our translation. Besides, the items reflecting supposedly the forethought dimension are in both samples not significantly related to the self-reactiveness items. This result is not aligned with our presumption that the three dimensions should be at least linked. When re-examining the items, we consider that because the forethought items are all negatively worded, a potential bias could be present (Podsakoff et al., 2003). Given these elements, it seems necessary to re-write the items and conduct a second study for the factorial evaluation of the measure.

5.4

Study 2: Readjustment and preliminary analysis

Sample

We collected data via an online survey platform Prolific where respondents are financially rewarded for their participation. We first conducted a pre-study for identifying a specific sample of technological users (N = 1180). Based on the aforementioned rationale, we assume that employees using digital technologies in their daily work activities were more likely to perceive agentic properties in technologies. Consequently, we asked respondents whether they were using some technologies in their work activities among this list: drones, artificial intelligence, 3D print, virtual reality, augmented reality, blockchain, collaborative robots (cobots), robotic process automation. 229 English-speaking respondents meet the condition and were invited for the second survey. Out of these 229 pre-sampled respondents, 203 completed the questionnaire. 23 respondents were deleted because they were actually not using technologies. Our final sample is composed of 180 technological users in their work.

Procedure

In this study, we selected a cross-validation approach that implies a two-step procedure where EFA is conducted then a Confirmatory Factor Analysis (CFA). For doing so, we randomly split the sample in two subsamples via R software that are nearly proportionate in terms of gender: sample A (N = 90) for the EFA and sample B (N = 90) for the CFA.

For the EFA sample, 51.1% are female participants with an average age of 33.2 years (SD = 9.45). 87.6% have a permanent position while 12.4% have a temporary position. 72.6% are in full-time position and 60% are working in large companies (more than 250 employees). 

Measure

All measures were evaluated through a five-point type Likert scale.

Technological agency. We used the items developed in the first study and translated into English via back translation. However, we changed the four items of the forethought dimension to word them positively. Sample items are "The technologies that I use select actions by themselves" and "The technologies that I use anticipate the occurrence of possible problems or obstacles".

Technological use. Participants were asked to indicate the digital technologies of the aforementioned list they were using in their work activities for accomplishing their tasks and the frequency of use in a daily basis through a percentage estimate (from 0 to 100%).

General self-efficacy. The New General Self-Efficacy scale developed by G. Chen et al., (2001) was used. It is composed of 8 items (e.g., "When facing difficult tasks, I am certain that I will accomplish them", "I am confident that I can perform effectively on many different tasks"). Participants were asked to think about the realisation of their work activities with the former indicated technologies and to indicate the level of agreement with each item from "totally disagree" to "totally agree".

Sense of competence. We used the measure developed by Battistelli (1996) composed of 7 items (e.g., "In my actual job, I have a complete mastery", "In my actual job, I believe I can face all work problems"). Participants were asked to indicate from "totally disagree" to "totally agree" their level of agreement with statements assessing their perceptions of doing well when carrying out their work activities with the indicated technologies.

STARA awareness. The measure developed by Brougham and Haar (2018) was used.

We asked participants to indicate their level of agreement with the statements from "totally disagree" to "totally agree". We replaced the term STARA in the items that may be difficult to understand for participants by technologies in reference to the previous listed technologies.

STARA were only mentioned in the instructions (i.e., "To answer the following items, think about intelligent technologies, artificial intelligence, advanced robots and algorithms"). The measure is composed of 4 items. Sample items are "I think my job could be replaced by these technologies" and "I am personally worried about my future in my industry due to these technologies replacing employees".

Performance. To explore how the perception of agentic properties in technologies relates to some elements of employee performance, we asked participants to assess from "very negative" to "very positive" the impact on work quality, time, work methods for performing the tasks and more globally on the realization of work objectives.

As shown in Table 18, there are some cross-loadings for item 2 and 7. This may be due to our low sample size (Sass, 2010). However, these cross-loadings do not challenge our theoretical assumption, thus we chose to retain them. Item 9 was dropped for not loading on the alleged factor. With this structure, reliability of the measure as well as its subdimensions is satisfactory (≥ .70). Overall, the results explain 76.18% of total variance. The three factors show some strong intercorrelations (≥ .50), suggesting the potential presence of a second-order factor. To determine if a second-order factor should be taken into account we followed recommendations of Credé and Harms (2015) and proceeded to the average variance extracted (AVE). We obtained a value of 43.52 which is less than the common threshold of 50, indicating that a second-order factor should not be introduced (Fornell & Larker, 1981).

However, the authors stressed to not rely blindly to this cut-off value as it is not an inferential test statistic and to present other indexes with AVE. Factor loadings of lower-order factors on the second-order factor are all above .70 (i.e., range from .711 to .804). Yet, fit indices for a second-order model are similar as lower-order model (ꭓ² (24) = 29.7; p = 0.19; RMSEA = 0.051; CFI = 0.98; TLI = 0.97; SRMR = 0.061). Thus, we cannot conclude to a second-order factor. Given our low N-sample, we aggregate the sample for EFA and CFA for the descriptive statistics and further test. Descriptive statistics with the overall sample are presented in Table 20. Alpha are all above .70. Given the limits of Cronbach's alpha (Dunn et al., 2014), we also performed McDonald's omega. All reliabilities (omega and alpha) are satisfactory. We also checked whether the perceptions of technological agency were different regarding of the technology used because of their specificities. A summary of the technologies used in our overall sample is present in Table 21. Over half of our sample report to use artificial intelligence for executing their tasks. We performed an analysis of variance (ANOVA) under Jamovi using Kruskal-Wallis' test. Table 22 presents the results of ANOVA. As respondents mainly use more than one technology in their work, we were only able to compare users and non-users, thus our findings are exploratory. Differences between users and non-users were found for 3D print for the perception of intentionality (p = .035); for augmented reality regarding the perception of intentionality (p = .023) and forethought (p = .003); for blockchain as regard to intentionality (p = .014); and for RPA as regard to forethought (p = .005). Each time, users have higher perception of the dimension than non-users. We also have controlled for demographic data but found no differences regarding gender, size and type of organization, level of diploma and type of contract. 

Convergent and discriminant validity

We examined the validity of the concept through correlations. Both self-reactiveness (r = .22, p = .003) and forethought (r = .24, p ≤ .001) are positively linked to general self-efficacy and no significant relationship is found for the dimension of intentionality (r = .13, p = ns).

Same pattern appears for sense of competence as self-reactiveness (r = .22, p = .003) and forethought (r = .22, p = .003) are significantly and positively linked to it but there is no significant relationship for intentionality (r = .12, p = ns). The three dimensions are related to STARA awareness. Self-reactiveness (r = .19, p = .012), intentionality (r = .28, p ≤ .001) and forethought (r = .32, p ≤ .001) demonstrate a positive link with it. Finally, performance has a positive link to self-reactiveness (r = .31, p ≤ .001), intentionality (r = .26, p ≤ .001) and forethought (r = .31, p ≤ .001).

General Discussion

This study aims at providing evidence for a new technological property, namely technological agency through factorial, reliability and validity analyses. Based on human agency theory (Bandura, 1997), TAGEN intends to capture three dimensions, namely selfreactiveness, intentionality and forethought. Via EFA and CFA, our findings reveal the expected three-factor structure of the scale measuring the perception of self-reactiveness, intentionality and forethought properties attributed to the new technologies actually introduced in organizations. No second-order factor was found. The analyses of variance highlighted some differences for several technologies between users and non-users.

The second aim of this study was to explore the nomological net of the developed measure. For doing this, we assessed the links of each dimension with another technological perceptual variable (i.e., STARA awareness), with concepts produced by the socio-cognitive framework (i.e., general self-efficacy, sense of competence) and with self-ratings of performance. Each dimension of the measure was significantly related to STARA awareness.

This indicates that perceiving agentic properties in the technologies is associated with the perception of being replaced by technologies at work. We have also found positive links for general self-efficacy and for sense of competence with self-reactiveness and forethought. No significant correlations were identified between the intentionality dimension and the two selfefficacy concepts. Positive relationships between self-efficacy concepts with self-reactiveness and forethought may have been found because these properties serve as a medium for individuals to influence the environment and perform their tasks contrary to intentionality.

Through intentionality technologies are perceived to select actions, thus high control could be granted to them. Control exerts by technologies is completely different from one's own control.

Our preliminary results indicate that technological agency has at least no negative association with one's self-efficacy. Self-efficacy beliefs are prior to one's sense of agency in that one's confidence in one's own abilities to be successful regarding a task will determine the perception of the possible influence one can exert on the situation (Bandura, 1997). There are some situations in the everyday life in which humans are not agents (e.g., following manager's orders). With the rising of digital technologies that can be in control of an increasing number of tasks, such situations where humans are not agents may be expanded at the workplace. Yet, our findings seem to indicate that these situations are not negatively related to one's self-efficacy. Not being an agent in a situation could be not associated with overall beliefs in one's abilities. Because it is a preliminary exploration, this result should be examined more thoroughly for potential implications regarding human agency at work. Indeed, if technological agency shares no negative association with human agency at work, it is possible that employees will still seek to actively shape their environment. An alternative explanation may lie in the provision of training by organizations for alleviating the potential effects of a new technology on self-efficacy beliefs.

Our results also demonstrate a positive relationship between the three dimensions of technological agency and the elements of performance. Overall, participants have a positive vision concerning the effects of technologies on their work (M = 3.9). Thus, it seems that these properties provide a helpful assistance to employees.

Although the mean of each dimension is not high (less than 3), this may be explained by the period in which we are temporally situated. As mentioned above, we are at the infancy of a new stage (i.e., ubiquitous computing) thus it is possible that new technologies and their agentic potential have not yet fully permeated organizations and disrupted them.

Limits and future research

Some limits can be pointed to our work. First, our first study develops a Flemish version of the measure which demonstrates some weaknesses in its factorial structure. Yet, the aim was not to validate the Flemish version but to consider the bilingualism of the organisation. Special attention will be paid to integrate the adjustments made and to the translation before using this version again. Second, some evidence for the validity of the measure needs to be gathered. A test-retest analysis should be conducted to verify the stability of the structure. Third, our sample size in Study 2 (< 100) is below the conventional recommendation for EFA (Goretzko et al., 2019), thus the results can be unstable. Finally, our choice to group EFA and CFA sample in the second study is unusual. However, our low N-sample do not allow us to test for convergent and discriminant validity. These facts bear strong limitations to this work. Consequently, this work is still in a developmental phase and we will conduct further work to strengthen the factorial stability of the measure and its validity with other constructs, especially the constructs linked to Bandura's framework.

Regarding future research, other differences should be investigated such as occupations and professional groups. We maybe have not found a negative association between the dimensions of technological agency with self-efficacy concepts because the second sample has a great level of qualification. This can help employees to sustain their self-efficacy beliefs.

Another control variable could have been the time since the technology has been introduced in the work activities. A habituation effect regarding the use of the technology can set in and may be a confounding factor among the studied variables. Moreover, the design of our study did not allow us to compare technology separately as some respondents were using more than one technology. This fact reflects the complexity of work reality composed of a myriad of technologies rather than one. However, different technologies may prompt different perception of technological agency as they serve various functions.

Finally, we have not directly assessed the relationship between the perception of technological agency and human agency. Although we measured some proxies for human agency (i.e., general self-efficacy, sense of competence), additional work should be done in this direction. Further, managerial choices surrounding the introduction of the technology may also influence the relationship and should be examined, in particular the tasks for which the technology is implemented. According to Shneiderman's (2020) framework, negative effect on human agency may be high when technologies are executing tasks that allow workers to use and improve their skills and thus have mastery experiences. As employees derive their selfefficacy beliefs from mastery experiences (Bandura, 1997), this can have in a long run some effects on human agency.

Chapter 6 -General Discussion

A look back at the work developed in this doctoral thesis

The aim of this work was to provide insight into how the work environment is modifying in the context of digital transformation through the study of work characteristics (WC).

Although it constitutes preliminary findings, we have noted that knowledge characteristics were the most influenced in this context (Chapter 2). Our research gives a first glimpse on how the work environment seems to be reconfigured with the digital transformation of organizations. In particular, as knowledge characteristics could be more present, employees' work seems to involve greater opportunity for learning and individual development. This proposition is further examined with our investigation of the multiple relationships between knowledge characteristics taken as a set of variables and innovative work behaviors (Chapter 4). Our qualitative findings also indicate a restructuration of the relationship between humans and technology since technology may be perceived as a non-human agent. This may have implications for work design (WD) as the concept deals not solely with the content of work tasks and activities but also with the relationships at work. Therefore, our measure (TAGEN) attempts to understand in this new work environment the relationship between the individual and the technology (Chapter 5).

Our work also aimed at bringing some light on the different influencing factors that play a part for shaping WC under this context. Especially, we have investigated the role of technologies in our qualitative study (Chapter 2). Then, to have a broader overview of WD under digital transformation, we extended the scope of variables of interest. Indeed, technology is not the only factor to take into account in such context and other factors also deserve scholars' attention. In particular, we believe that antecedents in the local context are worthy to examine as they can have a direct influence on employee WC. The influences from leaders (i.e., empowering leadership) and from employees (i.e., proactivity) in the context of digital transformation were analyzed (Chapter 3). Our results reveal that leaders play an important role for shaping employee WC since they can have a direct and an indirect influence. Some direct relationships between WC and empowering leadership were found and we further examined how empowering leadership activates employee proactivity for modifying knowledge characteristics. Moreover, we explored the role of employees in this context to know whether they are taking an active or a passive position. Since we have found some direct relationships between constructive voice and WC, an active vision of employees while organizations are going through digital transformation should be more accurate. An additional objective of this doctoral thesis was to explore how these different influencing factors interact by taking into account technological, leadership and employee factors. We would have liked to conduct a study with three measurement times at least as scholars working on WD have enjoined researchers to design longitudinal studies that allow to examine for reciprocal relationships and temporal effects (Parker, 2014). Although a longitudinal tracking was our first intention, our attempt has been obstructed by some difficulties (e.g., COVID-19, lack of participants). Hence, we have not been able to investigate WC and their influencing factors longitudinally.

Altogether, these works allow us to realize how employee WD is transformed by the digital transformation activated by the paradigm of Industry 4.0. They give first information about how the digital work context redefines employee tasks, roles and responsibilities at work.

In particular, they highlight a growth of knowledge characteristics in works under this paradigm.

Theoretical implications

This work can have several theoretical implications. Beginning with WD, our work can participate to extend knowledge about it in that we have put a great emphasis on knowledge characteristics. Because of their growth and less research interest for them (Humphrey et al., 2007), knowledge characteristics hold a central place in this doctoral thesis. If there is an increase of knowledge characteristics, concerns about a high level of cognitive demands are rightful. However, in Chapter 1, our results indicate that the cognitive demands are not too high concerning the technologies studied. Overall, we were able to identify some antecedents (i.e., empowering leadership, constructive voice) as well as one outcome (i.e., innovative work behaviors) of these characteristics in the context under study. To explain these links, we relied on the role of learning. Indeed, employee WD seems to entail more requirements for learning through an increase of information processing or problem solving. Although learning has been stressed by many scholars as a worthy investigation for WD (Oldham & Hackman, 2010;Parker, 2018), research on this subject remains sparse. In our fuzzy-set study, we recognized that learning could be a key mechanism for linking challenge and innovation and for updating employee skills to be able to generate new ideas. Besides, as the introduction of new technologies thanks to their analytical properties could also foster human learning by giving new pieces of information, it enhances the need to integrate it in WD models.

Our work calls attention to the necessity to adapt the WD models to the work context that is emerging in order for scholars to capture the relevant WC shaping employee outcomes (Morgeson & Humphrey, 2006). In Chapter 2, we have highlighted different avenues to adapt it. We have proposed to distinguish between technological equipment use and "traditional" equipment use given the new properties of digital technologies. We have also suggested to develop a new main category for addressing the aspects in human-technology relationships that can motivate employees. In this regard, some interesting aspects can be found in Stern and Becker (2017). Besides, the fact that technology can be conceived in the new work context as an agent yet non-human stresses the need to revise the models to consider all forms of relationships with the technology.

Furthermore, we tried to stimulate new ways to conceptualize the relationships inside the model between WC. For example, we have pointed to a potential side-effect of knowledge demand rise in works at the expanse of manual procedures and physical effort: more sedentary works that can be less motivating. In addition, we applied in Chapter 4 an original and interesting methodology (fsQCA) which allows to consider the interactions between WC in the model in a more complex manner. Relying on an extensive theoretical and empirical evidence,

we have been able to analyze how some WC combine differently to influence innovative work behaviors. This constitutes a major contribution of this doctoral thesis since this approach can offer promising opportunities for the scientific community. For instance, we highlighted the non-complementary of two knowledge characteristics, namely problem solving and demands for constant learning, in the studied context. This approach can extend scientific knowledge beyond the merely additive effect of each variable on an outcome since this methodology considers that the relationships between variables are not only linear (i.e., asymmetric relationships). Besides, it also gives information about equifinality by revealing different paths for attaining the outcome.

Regarding the investigation of Industry 4.0, we have proposed a technological classification based on the theoretical proposition of Murray et al., (2021). The proposed classification is not fixed because we recognize that the influence of technologies on WD could be different depending on other technologies or the functions for which they are used. Yet, it might help scholars to acknowledge some commonalities between them. The effort to regroup digital technologies is necessary since a descriptive approach of technologies may create diverse "minitheories that are only relevant to specific applications and only in limited settings" (McFarland & Ployhart, 2015, p.1655). Moreover, considering the great variety of digital technologies (Chiarello et al., 2018), a classification may be useful for future research, especially when it is deduced from a theoretical framework.

A final implication concerns literature about employee proactivity. In our literature review (Chapter 1), we concluded by pointing some implications of the four technical characteristics highlighted for employee proactivity. Workers may have lower sense of competence and sense of control while dealing with digital technologies and thus can temporarily impede the adoption of proactive behaviors. However, throughout these works, we have also stressed that employees have an active role in their work environment. In Chapter 3, we investigated how employees can do so by adopting voice behaviors in a digital transformation context. Therefore, we tried to extend the literature on employee-led processes for shaping WD by including other proactive behaviors (Parker, Van den Broeck, et al., 2017).

This can stimulate other research around the way employees shape their work.

Practical implications

Our research gives practitioners some ideas on how to design works in the digital work context. Given our qualitative findings, efforts should be made to shape works in a way that does not threaten human control. Indeed, as long as the new introduced technologies have no negative effects on human control (e.g., by doing simple and repetitive tasks), it seems that participants evaluate positively the modifications induced on their WC. Furthermore, our results

show that as knowledge characteristics are becoming more important in work, there may be opportunities for developing employee cognitive resources and employee learning. It would be valuable for organizations to adopt practices that favor learning with the new technologies introduced in order to benefit from this work restructuration. Organizations can do so either by redesign tasks and works or by involving leaders. First, organizations should reorganize works to avoid repetitiveness. As the new work environment created by digital transformation offers many opportunities to stimulate learning, it seems suitable to encourage employees for exploring and acquiring new knowledge that could lead to innovative ideas. Second, through our works, the role of leaders in employee development is emphasized. Leaders can structure employees' work to free some time devoting to information watch and knowledge updating, can stimulate collaborative problem solving or can involve employees in decision-making.

Our work also gives some leads to organizations for designing work in order to stimulate the adoption of innovative work behaviors. In particular, our findings highlighted that work challenge can elicit such behaviors. Organizations can thus stimulate the resolution of work problems among employees, involving them in discussion or decision making when there is a work issue or give them more complex tasks. However, when there is a great amount of work challenge, organizations should be careful in giving also some job autonomy to employees. It is important for employees to have some latitude that allow them to manage effectively the challenges. Otherwise, implementing a continuous learning approach can be worthy to stimulate innovative work behaviors. It can contribute to update or upgrade employee skills and knowledge that are essential for generating new ideas. However, this learning approach seems not compatible with problem solving which means that confronted to work issues, employees may look for a hands-on solution rather than acquire knowledge. This does not imply that organizations should choose between implementing a continuous learning approach and involving employees in problem solving. This means that employees will not simultaneously use these approaches to innovate. Furthermore, it should be noted that our results apply to an organization with field workers thus, they should be verified for other contexts or other types of works (e.g., office works).

Finally, we have emphasized the role of empowering leadership for facilitating the digital transformation in that empowering leaders may help employees to better accept the technologies introduced in their work. Consequently, organizations may try to develop this leadership style. Two aspects seem particularly relevant in this relationship: development support through coaching and collaboration between employees and participative decisionmaking. Therefore, organizations can encourage their management team to involve employees in decision making, listen to their ideas and opinions before taking a decision, promote collaboration and help between employees, point to employees their improvement areas or help them when they need guidance. These are few examples of empowering leadership behaviors.

Still, it is important for employees to feel truly listened and consulted in decision making as well as supported by the leader and then psychologically empowered to reap the benefits of empowering leadership.

Limits

This work suffers from several limitations. First, the different studies have been conducted mostly in a single organizational context. Therefore, the findings are confined to this organizational context and we cannot generalize them to other organizational settings. Although it gave us a broad understanding of the organizational context studied, our work lacks context diversity. It is possible that in other settings our findings about digital transformation would have been different as managerial choices highly constraint the influence of technology and the environment on WD (Parker, Van den Broeck, et al., 2017). Other factors such as organizational factors (e.g., sector, HR practices) or occupational factors could also influence the results.

Second, our choice to use self-reported measures for assessing WC can be considered as a limit. Some objective measures exist such as Dictionary of Occupation Titles or O*NET (Peterson et al., 2001) to postulate the tasks comprised in a work. However, this could be an imprecise strategy (Parker et al., 2021). Indeed, today with a rise of flexibility (Spreitzer et al., 2017), work prescriptions can be less restricted or can evolve depending on organizational needs. Besides, relying on perception of job incumbents to assess WC is a valid approach as a convergence has been found between subjective ratings of employees and more objective assessments (Morgeson & Campion, 2003;Oldham & Fried, 2016). This approach appears adequate to us because perceived WC are more likely to be associated with employee reactions to work and employee outcomes than objective properties of work.

Third, regarding the developed technological classification, we have provided some evidence for two types of technologies (i.e., arresting, assisting) over the four proposed. Our qualitative findings have a limited application since we have studied only two technologies in one organizational context. Therefore, we know little about the modifications brought by other types of technology (i.e., augmenting, automating). It would have been interesting to gather further evidence with technologies from other types in order to compare how employee WC is modified with each type and identify if some of them have harmful consequences on employee work and employee outcomes.

Fourth, we have little examined social characteristics under the digital transformation as well as contextual characteristics. However, when interviewing some employees to whom digital technologies were introduced, respondents report no or slight modifications in their social interactions at work either with their colleagues or their leaders. This suggests that transformations within organizations may not be totally realized for the moment.

Research perspectives

First, we suggest future research to develop longitudinal studies to investigate how WC evolve over time under a transformation of the work context. WD is treated rather as static in the scientific literature (Parker, Morgeson, et al., 2017). Therefore, a longitudinal design may help to know how quickly perceptions of WC stabilize and the delay between a modification in the objective work environment and a modification in employee perceptions. In connection with the limitations of this doctoral thesis, such design may also be valuable to examine how the different influencing factors of WD interact. In doing so, scholars may gain understanding on how some leadership styles give room to employee proactivity for shaping their WC or how perceptions of employee (e.g., proactive behaviors, performance) influence leader decisions and behaviors regarding WD. Furthermore, it would be valuable to investigate the interaction of employee and leader influences on WD since it has been advocated that both formal and informal processes shape WD (Parker, Van den Broeck, et al., 2017).

Related to our limits, it could be interesting to examine the digital transformation in other cultural contexts since we have only studied one organizational setting. There is low chance that cultural factors may come into play as potential moderators of our findings as there is little evidence of their influence on WD (Parker, Van den Broeck, et al., 2017). Yet, it is possible that relative to each national initiatives and financial support around Industry 4.0 the effects of digital transformation on WD could be different across countries. Besides, other national factors like national employment policies or training systems for which evidence is stronger can moderate the effect on WD.

In addition, the new methodology used in Chapter 4 represents an avenue worth exploring. Actually, scholars know little about equifinality and how the effect of a variable is different depending on the absence or presence of others. We believe that fsQCA is a promising approach for scholars to understand how variables jointly affect each other for influencing an outcome. With this methodology, scholars could better address how configurations of WC can have synergistic effects or detect which variables are never present simultaneously. To date, we have knowledge about the independent relationship of WC with some relevant outcomes (e.g., organizational commitment, job satisfaction, stress) but little knowledge about the interactions between these WC. Since scientific knowledge about WD is quite large (e.g., Humphrey et al., 2007), future studies could rely on these findings to investigate how different configurations of WC lead to job satisfaction, internal work motivation or job performance. Other studies could test whether social characteristics can offset the absence of motivational characteristics (Oldham & Hackman, 2010). Then, scholars will have insight on the relative importance of social characteristics regarding the presence or absence of the core dimensions early highlighted in the WD literature.

Moreover, as advocated by Humphrey et al., (2007), research on WD would benefit from the investigation of additional mediators, especially for linking knowledge, social and contextual characteristics upon which information is fewer. Even if learning has been suggested as a core mechanism for knowledge characteristics in this doctoral thesis, it has not been actually measured. Therefore, it would be valuable to develop studies which integrate learning as a mediating variable inside the WD literature to verify the alleged relationships.

Finally, though motivation is the core foundation of WD models, we have not examined whether the relationship between WC and employee motivation was untouched. Given the early temporality of our work where WC are likely to undergo further transformation, it did not seem relevant to investigate this research question as a primary concern was to characterize the new WC in this context. Further research could address this issue by examining if the relationships between the WC present in the model and employee motivation are still significant. Besides, more work is needed to account for all forms of collaboration with new technologies at work and examine of and how these forms influence employee motivation.

Conclusion

To fully grasp the factors that affect WD is a hard task. Through different studies, we have been able to examine several factors that influence directly or indirectly employee WC under a digital transformation context. Although much is known about WD, the subject has always been of renewed interest since it is continually challenged by work transformations. Consequently, the coming Industry 4.0 comprises wide possibilities for WD research to explain and understand employee outcomes in this work context, although the stakes will still be unchanged. Research about WD will continue to be concerned about how to design enriched works whatever the work context.

Procedure followed for thematic analysis (Chapter 2)

To conduct the thematic analysis, we followed all the steps developed by Braun and Clarke (2006). To enlighten the choice made during the analysis, we detail hereafter each step of the procedure. Our data set comprises all occurrences which deal with the changes in work owing to digital technologies. We chose to ignore all occurrences that were related to speculated changes in order to include only observed changes.

The phase 1 consists of familiarizing with the data set. The familiarization phase has been eased by the conduct and the transcript of interviews by a single person. The data set has been read several times by the same person to be familiar with it. During this phase, the person started to take notes for the coding.

In phase 2, the person (or coder) has generated initial codes. Codes identify an interesting finding for the researcher. We chose to code the semantic level of our data and to approach our data with some specific questions in mind (our research question). Therefore, we have conducted a theory-driven coding. The coder gave the same attention to each extract of the data set. An extract was allowed to be coded multiple times. In this phase, the coder began to identify interesting patterns. When contradictions seem to appear in the data set, they were not ignored and the coder gave them equal attention.

The phase 3 involves searching for themes. The coder began to assemble codes in potential themes. The links between the codes were examined, then between the potential themes and how the themes may combine themselves. Because of the number of interviewees in each technology, quantifying the prevalence of theme seemed not to be relevant in our research. Therefore, we considered that many instances or items do not mean that the theme is crucial. We conceive that the centrality of a theme depends on whether it captures something important in relation to the overall research question. At this phase, the coder realized a thematic map to better examine the relationships between the themes.

The fourth phase consists of reviewing the themes. The coder looked back to the codes that compose a theme to determine if they form a consistent set, if they need to be refined and if there are enough data to support it. In this phase, it appears that one theme was not supported to enough data to form a relevant theme. Therefore, we refine the themes.

The next phase comprises the definition and naming of the themes. In this phase, the coder needs to capture the story which is told by each theme. The coder looked at the relationships between the themes to see a bigger picture of the story.

Finally, for producing the report, Braun and Clarke (2006) recommended to choose "vivid" extracts "without unnecessary complexity" that help to understand the idea developed and that are articulated in the global story. We followed these recommendations in the choice of the extracts.

perceive in average higher levels of job autonomy than employees from 35 to 40 years old (M = 2.68, SD = .81). Some differences were identified for organizational tenure concerning FSB (p = .047) and the perception of empowering leadership (p = .005) as well as its dimensions informing (p = .012), coaching (p = .010) and participative decision-making (p = .015).

Results are presented in Table 26. Post-hoc tests revealed that employees from 0 to 8 years report to adopt in average more FSB than employees from 19 to 43 years. Employees from 0 to 8 years perceived in average higher adoption of informing, coaching, participative decision-making and contingent reward behaviors than employees from 9 and 18 years. No differences were identified when comparing the date of introduction. As regards to diploma, a significant difference has been noted for informing (p = .035). Employees with a primary school diploma (n = 12, M = 2.82, SD = .82) report to adopt in average higher level of informing compared to employees with a bachelor degree (n = 145, M = 2.02, SD = .91).

However, the difference of participants between these two categories is great, thus this result should be taken with caution.

Since some differences were found for age and organizational tenure, these criteria will be introduced for the regression analyses. 

Chapitre 3 .Chapitre 4 .

 34 l'accompagnant semble réduire le traitement de l'information. D'un autre côté, le drone a pu augmenter le niveau de spécialisation du travail et la variété des compétences requises ainsi que diminuer les demandes physiques du travail. Nous notons quelques variables pouvant modérer les faits rapportés comme le niveau de routine dans le travail, le travail dans lequel la technologie est introduite ou le fait d'être au service d'autres personnes en l'utilisant. Enfin, nous présentons les éléments issus des entretiens attestant de la possibilité d'une relation agentique avec RPA et non-agentique avec les drones. Pour RPA, la technologie est perçue comme un membre virtuel de l'équipe et celle-ci possède un statut différent comparativement aux autres technologies utilisées. Une telle relation n'est pas décrite avec les drones qui sont seulement perçus comme un outil aidant à la réalisation des tâches. Nous concluons que ces modifications peuvent également être dépendantes des choix managériaux réalisés autour de l'introduction de ces technologies. Nous tirons de ces résultats quelques contributions pour l'étude des caractéristiques du travail et suggérons quelques modifications dans le modèle afin de mieux rendre compte des éléments impactant la motivation des employés dans le nouveau contexte de travail. Une investigation du work design dans le contexte d'une transformation digitale Nous investiguons les différentes sources d'influence du work design qui peuvent entrer en jeu dans un contexte de transformation digitale. Bien que les technologies introduites puissent influencer les caractéristiques du travail des employés, elles ne sont pas xiv les seuls éléments à prendre en considération. C'est pourquoi nous nous intéressons également à d'autres éléments moins étudiés dans la littérature scientifique comme le rôle du leader (i.e., leadership habilitant) et le rôle des employés (i.e., comportements proactifs) pour façonner le design de travail. De manière transversale, nous avons trouvé des relations directes positives entre la proactivité des employés (i.e., prise de parole constructive) et certaines caractéristiques du travail (i.e., résolution de problèmes, demandes d'apprentissage continu), de même qu'entre le leadership habilitant et ces caractéristiques du travail. Il y a également une relation positive entre le leadership habilitant et l'autonomie. De plus, nous avons identifié une relation indirecte entre le leadership habilitant et les caractéristiques du travail de la connaissance (i.e., résolution de problèmes, demandes d'apprentissage continu) médiée par la prise de parole constructive. A travers deux temps de mesure, nous avons de plus montré le rôle positif du leadership habilitant sur l'attitude des employés envers la transformation digitale (i.e., satisfaction envers la transformation digitale). Cette satisfaction a ensuite un rôle de médiateur dans la relation entre le leadership habilitant et les perceptions liées aux technologies introduites dans le travail (i.e., utilité perçue, facilité d'utilisation). Ces résultats dévoilent le rôle facilitateur du leadership habilitant influençant positivement l'attitude des employés envers la transformation digitale et l'acceptation des technologies qu'elle comprend. Globalement, ces deux études démontrent le rôle clé que joue le leader habilitant dans un contexte de transformation digitale : d'une part en façonnant le travail des employés et en activant un processus de proactivité chez les employés qui modifient leur façon de percevoir leur travail et d'autre part en influençant positivement les prédispositions des employés envers la transformation digitale et les technologies qu'elle inclut. Article 2. Caractéristiques du travail de la connaissance et comportement innovant : Une analyse qualitative comparée d'ensembles flous (fsQCA) xv

  xvi challenge est fortement présent (complexité ou résolution de problèmes), un haut niveau d'autonomie n'est pas indispensable pour se montrer innovant. Nous avons également trouvé que l'influence d'un haut niveau de spécialisation et d'apprentissage continu se renforçaient ainsi que ceux d'un haut niveau de complexité et de spécialisation pour stimuler un fort taux d'adoption de comportements d'innovation. D'autre part, une forte autonomie au travail peut dans certains cas compenser le besoin de spécialisation et de complexité pour avoir un haut niveau de comportements d'innovation. Ces résultats donnent aux entreprises des pistes différentes pour concevoir le travail en montrant les multiples situations dans lesquelles les employés adoptent des comportements d'innovation. Chapitre 5. Développement et test d'une mesure de perception d'agentivité technologique (TAGEN)
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  frees up cognitive resources to find new ways of doing things. The authors examine in detail what constitutes routine (i.e., protocol development, action selection), integrate the notion of agency, and develop the concept of conjoined agency that characterizes the shared capacity for humans and non-humans to exercise intentionality. By distinguishing the locus of control for the two components (either human or technological), four types of conjoined agency are identified: with assisting technologies, augmenting technologies, arresting technologies, and automating technologies. The impact of each type of technology on routine change, on the predictability of routine change and on routine responsiveness is then examined. This useful framework gives through examples indications of the digital technologies that can lead to a type of conjoined agency but does not classify the different technologies. Although this may be difficult because the effects of technologies are dependent on the managerial choices associatedwith their introduction(Parker, Van den Broeck, et al., 2017), researchers have noted however the need for a conceptual framework to structure the discourse around digital technologies to better understand their impacts (e.g.,Hofmann & Rüsch, 2017). Therefore, based on this work, we propose a classification of digital technologies (some encountered in the course of our research, others that we have not investigated) (Figure1). A first step was to bolster the definitions of the different categories developed by the authors in order to classify the digital technologies. The classification of these technologies is based not only on what they allow (i.e., functionalities) but also on what they enable the employee to achieve with them (i.e., affordances)(Zammuto et al., 2007).

Figure 1 .

 1 Figure 1. Technological Classification based onMurray's et al., (2021) 

  be affected beyond the objective aspects of work by social influences and processes. The social environment can influence employee perceptions by conveying cues which help employees to interpret their work experiences and form attitudes towards it. LikePiccolo et al., (2010), we conceive these two perspectives as complementary rather than competing. Besides, the term WD is used hereafter to speak in a general way about the model and WC when referring more specifically to dimensions of the model.This study can contribute to the literature in different ways. First, to the literature dealing with digital transformation and industry 4.0, our study constitutes to our knowledge one of the first attempt to consider how employees can be active in this transformation rather than be a passive recipient using the proactivity framework. The current literature stresses the necessity of employee adaptation (e.g.,Sony & Naik, 2020) and little research has lent them an active role. However, organizational and work psychology has well recognized the key role that employees play in a transformation of the work context (e.g.,Fuchs & Prouska, 2014). Thus, if scholars want to understand the impact of digital transformation on employee's work, investigating how employees can influence their WC under this context is particularly important to have a more complete view of the question. Second, we add to the WD literature by examining the relationship between employee proactive behaviors and their WC. While research has mainly focused on how WC could activate proactive behaviors (e.g.,Ohly & Fritz, 2010; Parker et al., 2006), this study offers a test ofGrant and Parker's (2009) proposition and demonstrates preliminary evidence for a reverse relationship. Besides, we also extend WD literature by emphasizing other behaviors (i.e., voice, feedback-seeking, information-seeking)

  underlying mechanism. Regarding these two dimensions, this study focuses mainly on knowledge characteristics (i.e., cognitive requirements of the work) because development support aims at stimulating employee learning that produces cognitive change. This cognitive change will help employees to meet the cognitive requirements of the work.Conger and Kanungo (1988) developed a first framework to the empowerment process and suggested that organizational change or transitions (e.g., digital transformation) constitutes a situation that can strengthen employee powerlessness by introducing uncertainty and modifying the pattern of actions and rules to achieve work tasks. Such situation impacts employee sense of control and competence as employees need to review and adjust their work methods, habits and routines. To restore employee self-efficacy, leaders can act by enhancing WC (i.e., job enrichment). Built on another perspective of psychological empowerment,Thomas and Velthouse (1990) proposed that people assess their tasks based on the objective variables in their work environment. Thus, empowering interventions can target these variables to modify employee task assessment and thus perception of WC. The aforementioned elements support the proposition that empowering leaders can have an influence on employee WC even in a context of digital transformation.

Hypothesis 2 :

 2 Voice will be positively related to problem solving (a) and demands for constant learning (b) Hypothesis 3: ISB will be positively related to problem solving (a) and demands for constant learning (b) Hypothesis 4: FSB will be positively related to problem solving (a) and demands for constant learning (b)

Hypothesis 5 :Figure 3 .

 53 Figure 3. Research model at T1

Figure 4

 4 Figure 4 displays the standardized paths of the model. Fit indices of the mediated model

  (6) = 1234.02*** Note: N = 483. ** p < .01. RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR: standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; Δχ 2 = Sattora-Bentler Scaled Chi-Square Difference; PP = participative decision-making; COA = coaching; INF = informing; ISB = information-seeking behaviors; FSB = feedback-seeking behaviors.

Figure 4 .

 4 Figure 4. Mediation model with standardized coefficients at T1

  development) and organizational support and encouragement (e.g., training). We suggest that empowering leadership can enhance user satisfaction by leveraging diversely these sources of satisfaction. First, empowering leadership gives relevant information about the decisions taken by the organization and its goals. Empowering leaders can offer information about why the digital transformation is necessary and how the introduction of a new technology will bring benefits to the execution of tasks. With this information, they can enhance employee perception of benefit. Second, through participative decision-making, they highly involve employees in important decisions such as how to use the technology for executing work tasks or how to adapt the technology to better suit the specificities of their work. Finally, empowering leadership provides some support to employees either directly through formal training or coaching or indirectly by encouraging employees to work collaboratively.

Hypothesis 7 :Figure

 7 Figure 5. Research model

  hypothesised model in four factor presents good fit (ꭓ² (267) = 516.23; p ≤ 0.001; RMSEA = 0.080; CFI = 0.91; TLI = 0.90; SRMR = 0.051). Compared to alternative models, the hypothesised model outperforms a three-factor model (ꭓ² (270) = 691.82; p ≤ 0.001; RMSEA = 0.10; CFI = 0.85; TLI = 0.83; SRMR = 0.086; Δχ 2 (3) = 66.97; p ≤ 0.001) and a single factor model (ꭓ² (273) = 1249.95; p ≤ 0.001; RMSEA = 0.16; CFI = 0.71; TLI = 0.64; SRMR = 0.061; Δχ 2 (6) = 292.91; p ≤ 0.001).

Figure 6 .

 6 Figure 6. Mediation model with standardized coefficients

  enhanced when work allows the exercise of one's competences and their extension by the presence of challenge. Complexity helps to go beyond what one knows to develop or acquire new knowledge about the field. C8 is close to the contextual factors identified in the componential model with on one hand challenge (i.e., problem solving and complexity)

  to examine how the digital technologies transform the influence of the work context on human behaviors, and internal factors (e.g., cognitions, attitudes) and to analyse employee perceptions of the technologies they work with through the concept of agency. The article introduces a new measure (i.e., TAGEN) that captures the perception of agentic properties of digital technologies in the digital work context. The contribution of this study is twofold. First, this study offers a first attempt to capture the perception of agency in the human-machine relationship in the digital work context. Considering that the interactions between humans and technologies at work may be quite different from what have already been observed or conceptualized, it is worthwhile to understand this relationship. As the technological possibilities gain complexity, the way people interact with them and perceive them may also become more complex. Second, this measure can bring knowledge on the influence that technological agency can have on employee behaviors in the digital work context.

5. 2 . 2

 22 New developments of agency considering technological advance Changes in human agency caused by technologies have already been investigated by Bandura. At the beginning of the millennium, Bandura (2001b) examined the different ways through which media and mass communication can alter human behaviors. Media can have an effect on cognitive factors as well as behavioral factors by vicarious learning and a disinhibitory power. It also enables the construction of online social networks where people extend their immediate environment and their sphere of influence. Technologies can have two facets as they

5. 4 . 4 . 2 CFA

 442 To test the stability of the prior identified structure, we conducted CFA with the MLR estimator. The results confirm the hypothesised model with 11 items. The hypothesised model in three factors displays good fit (ꭓ² (41) = 63.62; p = 0.01; RMSEA = 0.078; CFI = 0.93; TLI = 0.91; SRMR = 0.075) (see

Figure 7

 7 Figure 7 displays the three-factor structure of the measure.

  Note: N = 90. *** p < .001. RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR: standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; Δꭓ² = Satorra-Bentler Scaled Chi-Square Difference Test.

Figure 7 .

 7 Figure 7. CFA results of the three-factor model
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Table 1 .

 1 Definition of technologies cited in I4.0 and some applications

	Technology

  Some authors have focused on the impact of technologies on WD(Deng & Joshi, 2016; Xie et al., 2018).Xie et al., (2018) proposed new characteristics called hybrid characteristics (i.e., multitasking, demand for constant learning, non-work-related interruptions,

For the moment, the model only takes into account equipment use which can also be modified because of the intensity of technological use at work. Proposition 4: Digital technologies with agency capabilities (i.e., augmenting, arresting, automating) will change the perception of equipment use 2.2.2.5 New work characteristics boundarylessness) because they are assumed to be non-classified in a single main category.

Table 2 .

 2 Summary table about the potential effect of each type of technology on the WC

	Types of
	technology

Table 3 .

 3 Distribution of interviewees

	Technology	Experts	Managers	Users	Total
	RPA	1	1	2	4
	Drones	2	0	3	5

  RPA can perform the following tasks: cost search, invoice creation or transfers. Cost search involves extracting data, combining data from different systems and synthesizing the extracted information. These operations are performed faster by technology than by humans.

	execute and it has to be quite standardized because when there's something it doesn't know or
	doesn't recognize, it stops". (Participant 1, manager) 3
	"The robot cannot make choices or find its own way. You have to tell it everything, it doesn't
	know anything in advance so you really have to detail at the very beginning the process to

2.4.1.1 RPA as an arresting technology

RPA is not a physical robot but a program. It works like a macro that is a program which executes commands automatically and reduces the operations performed by the user. In the company, the robot is limited in execution to one task at a time, is able to manage priorities and gives a report of its actions. It is easy to use and has documentation to know how to use it. It also has the ability to communicate with different systems: whereas Figure 2. Thematic map previously humans had to manually encode information from one system to another, the robot is now able to do this automatically.

The technology can replace and perform what the human does for routine and standardized tasks -those well-defined step by step (e.g., logging into a system, opening an email). It is unable to deviate from the programmed procedures and steps. When the situation varies from its program, the technology stops and sends a message to the worker to indicate that the task has not been completed. The technology therefore cannot handle the exceptions that are left to humans. The program of the technology is modifiable. As processes and procedures evolve, programs must evolve. The program can also be modified to improve it when the results produced are not satisfactory. Writing the program and automating the task is therefore an iterative process.

  It also allows tasks (e.g., transfers) that were not done systematically or postponed due to lack of time to be performed automatically. These changes are not perceived as profound because for participants the work has not fundamentally changed.

	"It doesn't change anything except that it will be done directly without having to wait".
	(Participant 3, expert)
	"It's a help but I continue to do my work as I did before". (Participant 2, user)

"It seems less of an effort to get into this task because you feel that the preparatory work is already done so I just have to interpret".

(Participant 2, user) 

"Personally, I find it more enjoyable because there's a whole aspect of doing exports, combining numbers in Excel that I don't have to do anymore".

(Participant 2, user) 

"So far we've only tackled repetitive tasks that aren't very attractive, so I think it's a bit convenient for everyone that there's a robot to do that".

(Participant 3, expert) 

  We even have virtual reality glasses when we pass the drone, we look at it and start moving

with it so it's like being a bird, it's funny. We have Google glasses and it's great […] It's even more friendly to use because the person who is going to look at the defects, it's as if they were immersed, so it's as if they were in a bucket truck and then they start looking for those defects

[…] 

it's nice with the glasses too."

(Participant 7, user) 

  These findings might be interpreted in the light ofShneiderman's (2020) framework which proposes that human autonomy and technological automation are not necessarily contradictory. Human autonomy and automation are beneficial in different situations but the combination of a high level of human autonomy and a high level of automation are better suited in some situations. For tasks of great expertise, human autonomy should be favoured whereas automation is recommended for well-understood predictable tasks such as simple situations or

purpose of this study was to propose potential modifications on WC after the introduction of digital technologies in the workplace. By introducing a classification of digital technologies, we studied the modifications brought by two out of four types of technology (i.e., arresting, assisting). Our analysis indicated that contrary to our expectations arresting technology may enhance employee autonomy by offering more information to workers.

Arresting technology does not seem to curtail the level of autonomy because it accomplishes less interesting tasks that are perceived as cumbersome. With this new division of tasks, participants felt that they were spending more time on tasks with added value. Therefore, the agency of arresting technology (i.e., action selection) may not be seen as a threat for human agency as long as it executes tasks that require low human control and expertise. The new distribution of tasks raises the knowledge characteristics of jobs in accounting as workers carry out more reflective work to handle expertise tasks. This is in line with the results of the Eurofound (2018) study. Finally, despite the lack of propositions for assisting technology, our analysis about drones demonstrated that they have a positive relation with the level of autonomy and knowledge characteristics. situations which require quick reactions (e.g., airbags). The conjunction of human and technological control is suggested for complex and difficult tasks where creative decisions are needed. As noted, assisting technologies let the action selection and the protocol development to humans and thus workers control entirely the execution of tasks. Consequently, they appear more appropriate for tasks of great expertise. Arresting technologies automate standardized tasks that can be broken down into steps thus they seem appropriate for simple tasks that do not require a great human control. This framework could explain why the changes brought by the two digital technologies (i.e., drones, RPA) on employee WC have not been negatively

Table 4 .

 4 Fit indices for confirmatory factor analysis

	criteria (ꭓ²

Note: N = 483. ** p < .01. RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI = Tucker-Lewis index; SRMR: standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion; Δꭓ² = Satorra-Bentler Scaled Chi-Square Difference Test.

Table 5 .

 5 Descriptive statistics, correlations and Cronbach's alpha at T1

	Variables	M	SD	ω	1	2	3	4	5	6	7	8	9	10
	1.Problem solving	3.23 .80	.70	(.69)									
	2.Demands for constant learning	4.09 .69	.74	.262** (.72)								
	3.Job autonomy	2.85 .84	.92	.414** .091* (.92)							
	4.Voice	2.82 .87	.94	.260** .147** .137**	(.94)						
	5.ISB	2.22 .93	.93	.181** .082	.066	.354** (.93)					
	6.FSB	1.96 .92	.90	.191** .081	.123**	.328** .653** (.93)				
	7.PP	2.41 1.08	.96	.219** .123** .384**	.189** .122** .142** (.96)			
	8.COA	2.39 1.04	.97	.220** .138** .415**	.163** .187** .203** .860** (.97)		
	9.INF	2.20 1.02	.96	.169** .068	.362**	.171** .186** .249** .786** .805** (.96)	
	10.Empowering leadership	2.34 .98	.98	.217** .117** .413**	.186** .175** .210** .943** .948** .920** (.98)

Note: N = 483; on the diagonal line are Cronbach's alpha; ** p < .01, * p < .05. ISB = information-seeking behaviors; FSB = feedback-seeking behaviors; PP = participative decision-making; COA = coaching; INF = informing.

Table 6 .

 6 Hierarchical multiple regression of WC on sets of antecedents

	Variables

Table 7

 7 

	, the hypothesised model

2 

(3) = 427.85; p ≤ 0.001) and a model where empowering leadership and voice are combined (ꭓ² (370) = 2778.37; p ≤ 0.001; RMSEA = 0.12; CFI = 0.75; TLI = 0.73; SRMR = 0.122; Δχ 2 (3) = 954.65; p ≤ 0.001).

Table 7 .

 7 Fit indices for confirmatory factor analysis of model at T1

	Model	χ 2	df RMSEA CFI TLI SRMR	AIC	BIC	Δχ 2
	Hypothesised four-factor model	997.79 367	.060	.94 .93 .041 30678.41	31083.87	-
	Three factor models					
	Combining problem solving and demands for constant learning	1232.28 370 .069 .91 .90 .066 30960.35 31353.27	χ 2 (3) = 427.85***
	Combining empowering leadership and voice	2778.37 370 .116 .75 .73 .122 32927.86 33320.78	χ 2 (3) = 954.65***
	One factor model	3321.55 373 .128 .70 .67 .136 33639.18 34019.56	χ 2

Table 8 .

 8 Fit indices for confirmatory factor analysis of model at T1 and T2

	Model	χ 2	df RMSEA CFI TLI SRMR	AIC	BIC	Δχ 2
	Hypothesised four-factor model	516.23 267 .080 .91 .90 .051 8197.24	8445.45	-
	Three factor model					
	Combining perceived usefulness and ease of use	691.82 270 .103 .85 .83 .086 8425.11	8664.35	χ 2 (3) = 66.97***
	One factor model	1249.95 273 .156 .71 .64 .061 9146.09	9376.35	χ 2 (6) = 292.91***
	Note: N = 147. ** p < .01. RMSEA = root mean square error of approximation; CFI = comparative fit index; TLI = Tucker-
	Lewis index; SRMR: standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information
	criterion; Δχ 2 = Sattora-Bentler Scaled Chi-Square Difference.			

Table 9 .

 9 Descriptive statistics, correlations and Cronbach's alpha at T1 and T2

	Variables	M	SD	ω	1	2	3	4	5	6
	1.Empowering leadership	2.30 .93	.97	(.97)					
	2.PP	2.43 1.03	.95	.964** (.95)				
	3.COA	2.37 1.00	.96	.962** .856** (.96)			
	4.Satisfaction	2.59 1.00	.89	.339** .280** .373**	(.88)		
	5.Perceived usefulness	3.11 1.11	.94	.089	.079	.094	.503** (.94)	
	6.Ease of use	3.09 .94	.89	.151	.115	.178*	.400** .382** (.89)

Note: N = 147; on the diagonal line are Cronbach's alpha; ** p < .01, * p < .05. PP = participative decisionmaking; COA = coaching.

Table 10 .

 10 Descriptive analysis, correlations and Cronbach's alpha

	Variables	M	SD	1	2	3	4	5	6
	1.Innovative work behavior	2.58	0.77 (.90)					
	2.Job complexity	3.45	0.87 .230**	(.82)				
	3.Specialisation	4.28	0.64 .207*	.471**	(.79)			
	4.Demand for constant learning	3.89	0.71 .303**	.300**	.604**	(.75)		
	5.Problem solving	3.33	0.80 .440**	.290**	.368**	.433**	(.70)	
	6.Job autonomy	3.00	0.87 .253**	-.039	.116	.376**	.428**	(.93)
	Note: N = 214; on the diagonal line are Cronbach's alpha; * p < .01, ** p < .001.		

Table 11 .

 11 Fuzzy-set score

	Variables	Statistics		
		5 th percentile	50 th percentile	95 th percentile
	IWB	1	2.01	3
	CP	1.9	3.5	5
	SP	3.24	4.3	5
	DCL	2.5	3.9	4.7
	PS	1.9	3.49	4.7
	AU	1.4	3.1	4.2
	Note: IWB = innovative work behavior; CP = job complexity; SP = specialisation; DCL = demand for constant
	leaning; PS = problem solving; AU = autonomy.		

Table 12 .

 12 Necessary analysis for the outcome and its negation

	Variables	Outcome: Innovative work behavior	Outcome: ~Innovative work behavior
		Consistency	Coverage	Consistency	Coverage
	CP	0.616	0.897	0.633	0.343
	~CP	0.549	0.801	0.811	0.440
	SP	0.646	0.845	0.688	0.335
	~SP	0.491	0.809	0.681	0.417
	DCL	0.669	0.873	0.672	0.326
	~DCL	0.483	0.798	0.739	0.454
	PS	0.604	0.935	0.552	0.318
	~PS	0.559	0.771	0.887	0.455
	AU	0.627	0.884	0.629	0.330
	~AU	0.525	0.792	0.780	0.437

Note: CP = job complexity; SP = specialisation; DCL = demand for constant leaning; PS = problem solving; AU = autonomy; ~ indicates the absence of the condition (negation).

  In the socio-cognitive framework, technology may be conceived as an environmental factor and as such it can activate or develop new behavioral patterns or cognitive factors. Agents have also the possibility to shape technological influence by deciding if, how and for what purpose to use available technologies. Today, new technologies are introduced in organizations, hence modifying the work environment and the environmental influence. Consequently, the effects of environmental influence on employee behaviors and internal processes may be different.

  participation of 13.4%. The average age of the sample is 43.66 years (SD = 9.47) and the average organizational tenure is 16.62 years (SD = 10.92). The sample is almost proportional to the service: 50.5% of participants are from the service that experienced the introduction of tablets while 49.5% are from the service that experienced new software and solutions in their everyday work activities. There is also a good balance regarding the language: 50.5% are

	Flemish-speaking participants and 49.5% are French-speaking participants. 91.2% of the
	sample is composed of male respondents, 51.1% have a high-school degree. Finally, 23.9% are
	intermediate managers while 76.1% are employees from all jobs (e.g., operational, technical) -
	most of them are field workers.
	The two subsamples are: French sample (N = 180) and Flemish sample (N = 184). In
	the French sample, 39 were intermediate managers and 141 were employees while for the
	Flemish sample, 48 were intermediate managers and 136 were employees.

Table 14 .

 14 Results of EFA for the Flemish sample

	Items

N = 184; Geomin rotation. Item from 1 to 4 constitutes self-reactiveness; from 5 to 8 intentionality; from 9 to 12 forethought.

Table 15 .

 15 Factor correlations for Flemish sample

	Variables	1	2	3
	1. Self-reactiveness			
	2.Intentionality	.021		
	3.Forethought	.493*	.296*	
	N = 180; * p < .05.			

Table 16 .

 16 Results of EFA for the French sample

	Items

N = 180; Geomin rotation. Item from 1 to 4 constitutes self-reactiveness; from 5 to 8 intentionality; from 9 to 12 forethought.

Table 17 .

 17 Factor correlations for French sample

	Variables	1	2	3
	1. Self-reactiveness			
	2.Intentionality	.593*		
	3.Forethought	.108	.262*	

N = 180; * p < .05.

  55.1% are working for private-for-profit companies, 32.6% for state companies, 10.1% for NGO and associations and 2.2% are sole traders. 18.9% a diploma of higher education and 17.8% a graduate diploma. 20% are drone users, 58.9% use artificial intelligence, 41.1% use

	3D print, 20% use augmented reality, 40% use virtual reality, 33.3% use blockchain, 24.4% use
	collaborative robots and 30% use robotic process automation for accomplishing their work.
	Most of them use more than one of the listed technologies.
	Female participants composed 50.6% of the CFA sample. The average age is 30.3 years
	(SD = 9.8). 84.4% are engaged for permanent position and 15.6% for temporary position. 64.4%
	are working in full-time position. Most of them (52.2%) are employed in a large organization
	(more than 250 employees). 56.8% work for private-for-profit companies, 28.4% for state
	companies, 10.2% are sole traders and 4.5% for NGO and associations. 22.2% have a certificate
	of higher education and 20% have a graduate certificate. Respondents are 21.1% to use drones
	in their work duties, 70% use artificial intelligence, 33.3% use 3D print, 24.4% use augmented
	reality, 35.6% use virtual reality, 25.6% use blockchain, 11.1% use collaborative robots, 22.2%
	use robotic process automation. Most of them use more than one of the listed technologies.

Table 19

 19 

	). Conversely, a model in a single factor has worse fit
	indices (ꭓ² (44) = 157.65; p ≤ 0.001; RMSEA = 0.169; CFI = 0.66; TLI = 0.58; SRMR = 0.108).

Table 19 .

 19 Comparison of fit indices

	Model	χ 2	df RMSEA CFI TLI SRMR	AIC	BIC	Δꭓ²
	Hypothesised model	63.62	41	.078	.93 .91 .075 2718.09 2808.08	-
	Single-factor model	157.65	44	.169	.66 .58 .108 2810.85 2893.34	ꭓ²(3) = 130.52***
	Second-order model	63.62	41	.078	.93 .91 .075 2718.09 2808.08	ꭓ²(0) = ns

Table 20 .

 20 Descriptive statistics, correlation matrix and Cronbach's alpha

	Variables	M	SD	ω	1	2	3	4	5	6	7
	1. Self-reactiveness	2.45 0.86 .79 (.78)						
	2.Intentionality	2.19 0.92 .82 .601** (.81)					
	3.Forethought	2.32 1.06 .88 .586** .552** (.88)				
	4.General self-efficacy	3.81 0.70 .93 .222** .129	.244** (.93)			

5.Sense of competence 3.40 0.78 .89 .218** .120 .219** .704** (.89) 6.STARA awareness 2.19 1.06 .92 .185* .277** .318** .006 .042 (.92) 7.Performance 3.90 0.60 .76 .311** .262** .309** .476** .462** .146 (.75) Note: N = 180; ω = McDonald's omega; on the diagonal line are Cronbach's alpha; ** p < .01, * p < .05.

Table 21 .

 21 Participants technological use in their work

	Technology	n	%
	Drones	37	20.6
	Artificial intelligence	116	64.4
	3D print	67	37.2
	Augmented reality	40	22.2
	Virtual reality	68	37.8
	Blockchain	53	29.4
	Cobots	32	17.8
	RPA	47	26.1

Note: N = 180.

Table 22 .

 22 Means and standard deviations for each technology

	Self-reactiveness	Intentionality	Forethought

Table 26 .

 26 Means and standard deviations regarding age categories

			[0-8]		[9-18]	[19-43]
		Mean	SD	Mean	SD	Mean	SD
	FSB	2.12	1.00	1.91	.92	1.85	.87
	Empowering leadership	2.53	.98	2.18	.93	2.29	1.00
	INF	2.40	1.06	2.05	.94	2.16	1.03
	COA	2.59	1.03	2.23	.98	2.35	1.08
	PP	2.61	1.08	2.27	1.06	2.36	1.07

Note: N = 477.

6 Truth table (Chapter 4)Table 29 .

 29 Truth table

	AU	PS	CP	SP	DCL Number % of	raw	PRI	SYM
							sample	consist.	consist.	consist.
	1	1	1	1	1	28	13.08	0.959	0.933	0.946
	0	0	0	0	0	24	11.21	0.829	0.667	0.678
	1	0	0	0	0	14	6.54	0.89	0.769	0.769
	1	1	0	1	1	13	6.07	0.942	0.894	0.897
	0	1	1	1	1	11	5.14	0.964	0.93	0.939
	0	0	1	0	0	11	5.14	0.937	0.856	0.856
	0	0	1	1	1	11	5.14	0.916	0.838	0.838
	1	1	0	0	1	10	4.67	0.958	0.915	0.915
	1	1	1	0	1	8	3.74	0.969	0.933	0.933
	1	1	1	0	0	8	3.74	0.967	0.927	0.927
	0	0	1	1	0	8	3.74	0.913	0.807	0.821
	1	1	1	1	0	6	2.80	0.958	0.909	0.909
	1	1	0	0	0	6	2.80	0.957	0.904	0.904
	0	0	1	0	1	6	2.80	0.947	0.871	0.88
	1	0	1	1	1	6	2.80	0.928	0.86	0.86
	0	1	0	0	0	5	2.34	0.958	0.891	0.891
	0	1	0	1	0	5	2.34	0.954	0.881	0.881
	1	0	0	0	1	5	2.34	0.93	0.846	0.848
	0	0	0	1	1	5	2.34	0.913	0.81	0.813
	1	0	0	1	1	4	1.87	0.909	0.821	0.821
	0	1	1	1	0	3	1.40	0.959	0.903	0.903
	0	1	0	1	1	3	1.40	0.958	0.903	0.905
	1	0	1	0	1	3	1.40	0.956	0.893	0.893
	0	0	0	0	1	3	1.40	0.934	0.842	0.842
	1	0	1	1	0	2	0.93	0.936	0.848	0.848
	0	1	1	0	1	1	0.47	0.963	0.906	0.906
	0	1	1	0	0	1	0.47	0.962	0.904	0.904
	0	1	0	0	1	1	0.47	0.958	0.893	0.893
	1	0	1	0	0	1	0.47	0.952	0.881	0.881
	1	1	0	1	0	1	0.47	0.942	0.868	0.87
	1	0	0	1	0	1	0.47	0.917	0.802	0.802
	0	0	0	1	0	0	0			

This chapter corresponds to the following published article: Fréour, L., Pohl, S.,& Battistelli, A. (2021). How digital technologies modify the work characteristics: A preliminary study. The Spanish Journal of Psychology,

e14. Doi:10.1017/ SJP.2021.12

Interested readers may refer to O'Kane et al., (2019) to get an insight of this software and others of its kind and how they can be used

The interviews were all in French. We chose not to translate them into proper English but to translate them literally to keep the meaning of the participant's discourse.
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Abbreviations

Reader will find below a non-exhaustive list of the most commonly abbreviations used in this Control variables. We collect information about gender, age and employment status (i.e., full-time, part-time) of respondents. We also invite respondents to specify their degree of diploma, the type and size of organization they are working for and the type of work contract.

Results

EFA

We followed the same procedure as Study 1. KMO is also above 0.8 (0.889) and Bartlett's test is significant (p < 0.000). Eigenvalue results show a two-factor structure solution.

The third factor has a value of 0.78. The comparison of these two models shows that the threefactor model surpasses the two-factor model (ꭓ² (10) = 47.9; p ≤ 0.001). The solution in threefactor displays a good model fit (ꭓ² (33) = 59.12; p = 0.0035; RMSEA = 0.094; CFI = 0.99; TLI = 0.98; SRMR = 0.037). Again, RMSEA is under the acceptable threshold but the sample size is lower than study 1. Compared to the former EFA, the three subdimensions all significantly intercorrelate. All factor loadings are above 0.4. We formed different age and organizational tenure classes to compare them. We also investigated if the time spent since the introduction of the tablets have different effects on employee perceptions (see Table 23 and24). For the service where tablets are used, 202 participants indicated a date. We created several categories based on months spent since the introduction (see Table 25). Finally, we inspected if the studied variables differ across diploma. We used Jamovi free software to run these analyses. Regarding the non-normality of our variables, Kruskal-Wallis' tests were conducted to identify significant differences and Dwass-Steel-Critchlow-Fligner pairwise tests to spot where the differences lie. 7.4 [START_REF]Organise the implementation of actions autonomously, on their own without human action[END_REF][7][8][9][START_REF]Analyse all the consequences of an infinite number of possible choices a[END_REF][START_REF]Anticipate the occurrence of possible problems or obstacles a[END_REF][START_REF]Anticipate the succession of events specific to the work context a[END_REF] 26.7 [START_REF]Anticipate the succession of events specific to the work context a[END_REF][13][14][15][16][17][18][19][20][21][22][23][24] 25. 7 [24-36] 18. 3 [36-48] 8.4 +48 8.9

The analyses showed significant differences for age regarding job autonomy (p = .016). Post-hoc tests revealed that older employees from 49 to 65 years (M = 3.02, SD = .85)

ANOVA and post-hoc tests between Time 1 and Time 2 (Chapter 3)

At T2, we checked differences for age, organizational tenure and diploma categories.

Same procedure as T1 was followed. The age groups are very similar as T1 (see Table 27).

We added an organizational tenure group to those created at T1 for having a more balanced repartition (see Table 28). For age and diploma, no significative difference was found. Regarding organizational tenure, a significant difference was noted for perceived usefulness (p = .029). With post-hoc tests, the difference was identified between the group of employees from 0 to 8 years (M = 3.52, SD = .95) and the group of employees from 9 to 13 years (M = 2.74, SD = 1.18). The former perceives in average that the technologies introduced in their work were more useful than the latter.