How can productivity in Product Design and Engineering be assessed? Guidelines to build a dashboard of KPIs

Abstract
Productivity is among the most popular and useful measures to control a firm’s performance. It is usually defined as a ratio between a firm’s final outputs and its inputs. Such a definition for productivity does not allow an accurate assessment of those organisational units operating in the early stages of the new product development process, whose outputs are distant from a firm’s final ones. This article focuses on the organisational units operating on product design and engineering activities, considered a key competitive advantage source. Indeed, such units oversee major responsibilities in developing new products and improving existing ones. Therefore, monitoring product design and engineering units’ productivity is of pivotal importance, especially for firms whose business model heavily relies on new or continuously improved products. However, research on the productivity of product design and engineering units has been underdeveloped, and previous studies have called for research on the topic. Hence, this article outlines the features of product design and engineering activities, describing their similarities and differences with respect to research and development activities and to service activities. Consequently, it presents methodological insights to assess product design and engineering productivity and their illustrative implementation in Leonardo SpA, a global company in the Aerospace and Defence sector. Finally, the article outlines the theoretical and managerial implications of the study.
Managerial relevance statement
Assessing the productivity of product design and engineering activities is a key concern for all companies having at least one organisational unit dedicated to the task. Indeed, the standard productivity indicators do not suit the peculiarities of engineering activities, with the result that the assessment of their productivity is often neglected. This article provides detailed guidelines to understand the key factors that need to be considered (including the assessment goal and the role played by inputs, outputs, and outcomes). The article recommends setting up a dashboard to provide managers with a holistic view of product design and engineering multiple outputs and outcomes. As an example, the article also offers an implementation of the method in a high-tech and knowledge-intensive global company.
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Introduction
[bookmark: _Hlk81235641][bookmark: _Hlk70349073][bookmark: _Hlk70333287]Many manufacturing firms rely on their capability to develop new products and improve existing ones. Product Design and Engineering (PDE) activities represent the connection between a firm’s research and manufacturing activities. They are typically performed by a team (or even a specific organisational unit) of designers, systems engineers, and other professionals. Since innovative firms’ competitive advantage depends on the PDE activities’ outputs, and since such activities can be expensive and risky, improving their productivity is essential. Flourishing streams of the literature study how to enhance design and engineering activities, such as through lean product development [1]–[3], agile-stage-gate [4], and many other approaches (for a review, see [5]). While most previous studies focused on how to improve PDE activities, assessing PDE productivity remains a known and unresolved challenge [6], [7]. Indeed, consistent definitions for PDE productivity are lacking, and comparable indicators are missing [5]. As Cantamessa suggested [7], simple productivity ratios between quantity measures (e.g., number of projects on used resources) could overlook the importance of quality in PDE. Instead, Drucker [8] observed that the outcome of “knowledge workers” – as those operating in PDE activities – is not primarily a matter of quantity, with quality being “the essence of the output” [8, p. 84], while in manual work quality is a restraint describing minimum acceptable levels. 
Despite the relevance of assessing productivity in PDE, the many studies mentioning PDE productivity did not operationalise it e.g., [7], [9], [10]. Yet, innovative firms need reliable measures to assess and improve their PDE activities, identify their moderators, formulate forecasts, and compare them with the results. Several studies acknowledged the literature gap in PDE activities productivity and encouraged future research. Among them, Dekkers et al. [11] affirmed that “control mechanisms applicable to product design and engineering management from a productivity perspective should be systematically investigated”, while Da Costa et al. [12] invited to identify additional PDE metrics and implement them in case studies. Hinckeldeyn et al. [5] observed the lack of research on PDE productivity indicators, while Salgado and Dekkers [13] encouraged future research to acknowledge the differences between new product development (NPD) and manufacturing. They specifically mentioned the “quest for increased productivity of new product development” (p. 923), which is influenced by the need for variability in NPD and the role of novelty.
Overall, the literature has acknowledged the lack of studies on PDE productivity, while we have discussed the practical importance for firms to obtain reliable metrics for it. Therefore, this article aims to (1) identify how PDE productivity can be measured and (2) offer an exemplary implementation of PDE productivity assessment and illustrate its potential to support innovative companies. 
As a research method to address the first aim, after establishing the intra-organisational boundaries of PDE activities, we present a critical review of the literature on PDE productivity. We complement it with an integrative review [14] of conceptually close streams of literature (i.e., NPD productivity, R&D productivity, and service productivity). Next, we present a narrative synthesis of such streams and a visual representation of the key insights. Finally, we elaborate on such insights to define how PDE productivity dashboards can be set up. 
We address the second aim following a participatory action research approach [15], allowing the exemplary implementation of a dashboard of PDE productivity indicators in Leonardo SpA over three years.
Theoretical Background
An Introduction to Product Design and Engineering
Even though a generally accepted definition for PDE activities is missing in the literature, drawing the boundaries of the concept is pivotal to assessing productivity. Dekkers et al. (2013) described how PDE activities are at the heart of the NPD process. They characterise PDE as the phase of the manufacturing process that responds to the information drawn from the market, draws from the research activities to provide the production planning phase with product configurations and specifications, and offers a source of differentiation from the competitors. PDE may be considered close to the “front-end innovation” concept, which describes the genesis and selection of a new product idea, its conceptual and technological development, and the analysis of its opportunities [16]. 
Figure 1 summarises some of the constructs in Dekkers et al.’s model [11] and shows that PDE activities (grey boxes) represent the intersection between R&D and NPD activities. The outputs of research activities may be assessed in terms of their scientific impact. Differently, the outputs of NPD activities can be assessed in terms of the number of new products introduced in the market (or the revenues associated with them). Differently, the outputs of PDE activities are less straightforward to identify, which makes an assessment of PDE productivity more difficult [6], [7]. 
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Figure 1. Production process. Notes: PDE boxes are depicted in grey colour.
[bookmark: _Hlk69312852][bookmark: _Hlk70347449]When assessing productivity, a distinction between outputs and outcomes is due. Indeed, outputs measure what is produced/provided in terms of units, whereas outcomes consider the inherent value of these units. OECD [17] defines outputs as “The products, capital goods and services which result from a development intervention” (p. 28) and outcomes as “The likely or achieved short-term and medium-term effects of an intervention’s outputs” (p. 28). Managers could be interested in productivity measures that consider both PDE outputs (e.g., the number of projects delivered) and PDE outcomes (e.g., the number of projects that met the customers’ expectations and won their appreciation). De Kruijf & de Vries [18] summarised several key differences between outputs and outcomes: the former being “system-oriented” and having “immediate effects” as opposed to the latter being “context-oriented” and having “intermediated and long-term effects” (i.e., in the previous example, the number of delivered projects depend on the internal system at a certain moment, whereas their appreciation partly depends on external stakeholders and can have significant lag time, as well as a long-term impact on customer loyalty). Furthermore, PDE activities may result in entirely new products or engineering changes, whose underlying processes may be complex and inefficient [19].
Product design and engineering productivity
The assessment of firm productivity comprises a major stream of managerial literature. Industrial productivity is typically defined as the ratio between outputs and the resources needed by the manufacturing transformation process to obtain them [20]. Productivity in manufacturing depends on the “constant quality assumption,” which is normally taken for granted and undertakes that the quality of the outputs is constant [21]. Industrial productivity is an immediate reference for PDE productivity since it conceptually shares two components: the use of resources and value creation [11], [22]. 
A remarkable contribution to PDE productivity was published in 1998, titled “The design productivity debate,” edited by Duffy. The book presents the deliberations of the First International Engineering Design Debate. According to Duffy, the debate ended with a fair agreement that productivity depends on efficiency and effectiveness. The former is defined as the benefits of the design (both in terms of the value of the technical features and lead-time of the product) on the costs (capital, labour, and overheads). Effectiveness is defined more vaguely as a measure of the achievement of the desired outcome. A definition for productivity is also submitted: “The efficiency of production of a design solution, within a business context, that is effective to the overall requirements” [23, p. 3], as well as suitable generic measures, such as the capability to meet the demands/needs; the costs; the person-hours; the fulfilment of technical requirements; the need for subsequent lifecycle phases; the reuse of knowledge; the value (if sub-contracted); and the time.
Even though many methods have been proposed in the literature to improve PDE productivity for a review, see [5], their actual impact “remains unconfirmed, because results of empirical testing are hardly available” (p. 479). Therefore, the lack of productivity indicators impedes assessing the methods recommended to improve it.
An explanation for such a lack was offered by Busby and Williamson [6]. They observed that outcome variables for PDE activities are challenging to measure since there is no definite “stopping rule”, which is needed to develop unambiguous measures. Indeed, outcomes may be influenced by other phases of the NPD process and by different organisational units or be measured long after the PDE activities have been completed. Similarly, the key difficulties in defining PDE productivity indicators were summarised by Cantamessa as follows: “the problem is to identify which should be considered as outputs and inputs of the design activity in an industrial company, and to define their quantity and quality. This may not be considered an easy task because of the apparently inextricable relationships between the technological, methodological, managerial, economic and social factors which are related to engineering activities” [7, p. 14].
Dekkers et al. [11] described productivity in PDE considering the delivery of products versus the costs (the former considered a bundle of quality, lead-time, and flexibility). However, theirs remained a theoretical argument that they did not operationalise in the article. 
Productivity of New Product Development, Research and Development, and Services Activities
[bookmark: _Hlk69737320]To approach the challenge of defining PDE productivity indicators, we performed an integrative review of previous studies on productivity in (i) NPD and (ii) research and development, whose intersection ideally defines PDE (see Figure 1). Furthermore, since a unit providing PDE activities offers a service to internal and external customers (i.e., it develops designs, projects and requirements delivered to the production unit or directly to the company’s customer), we investigated productivity in services too (iii).
[bookmark: _Hlk69738268][bookmark: _Hlk69723795][bookmark: _Hlk69744016][bookmark: _Hlk69749980][bookmark: _Hlk69749972]Regarding NPD productivity, Loch et al. [24] published one of the first studies proposing three measures: personnel intensity (number of development employees on the total number of employees), expense intensity (development expense on sales), and new product productivity (number of new products on number of R&D employees). While personnel intensity does not appear as a typical productivity measure (output on input, as defined in subsection 2.2), the second and the third measures paved the ground for the subsequent studies. Indeed, they incorporate inputs (development expense and number of R&D employees), one output (number of new products) and one outcome (sales) that shaped other measures in both NPD and R&D productivity. Harmancioglu et al. [25] defined NPD productivity as the “degree of product innovativeness” on the time dedicated to NPD (from ideation to commercialisation). Cooper and Edgett [2] defined NPD productivity as sales from new products on R&D spending. More recently, Iazzolino and Laise [26] renounced to measure technical productivity and measured the economic productivity of NPD knowledge workers as the ratio between the product’s value-added and the cost of the project team. Finally, Cooper and Sommer [4] emphasised how the software industry’s agile development process has been borrowed by manufacturing firms to improve NPD productivity but did not specify how productivity was assessed. A recent review [27] emphasised the emerging role of customers and diverse knowledge sources in NPD processes and success and discussed – citing Cooper and Edgett’s study (2008) - the impact that new NPD processes can have on productivity.
Several insights can be drawn from these studies. First, they use outputs that may not be easily extended to PDE since they partly depend on other organisational units’ activities. Indeed, the number of new products introduced depends on the research activities that have brought to their conceptualisation and the choice to industrialise them after the engineering phase. Similarly, the novelty of a product depends on the performed research, while the sales from new products depend on the chosen marketing mix. Another issue is posed by the inputs chosen by the mentioned studies. Indeed, only a relatively small share of the total number of employees is usually involved in PDE activities making such an input too generic to be useful. In contrast, the number of R&D employees or the R&D expenses would only partially describe PDE activities.
Regarding R&D productivity, Pappas & Remer [28] claimed that the different stages of R&D (basic research, exploratory research, applied research, development, and product improvement) require different approaches. In their early study, the authors observed that the product development and improvement phases could leverage quantitative measures better than the others. Therefore, when choosing R&D productivity indicators, a key aspect is to identify the goal of the R&D activity and the purpose of the productivity measurement system [28]. Possible goals include R&D financial performance, the ability to develop and deliver new products, the capability to manage the projects, the effectiveness of R&D communication with the related business units, and customer satisfaction. A few years later, on the same topic, Brown and Svenson [29] remarked the importance of focusing on external measurements rather than internal ones only. They suggested focusing on outcomes and outputs (quantity, quality, and cost) rather than on behaviour; considering valuable accomplishments only; collecting a few comprehensive indicators (6-8) rather than many individual measures; using objective measures; and separating the assessment of “Research” from that of “Development.” Subsequently, Brown and Gobeli [30] offered an overview of the most popular R&D productivity indicators. More recently, Paul et al. [31] considered R&D productivity in terms of R&D efficiency (the extent to which the R&D activity produces certain outputs from given inputs) and R&D effectiveness (the extent to which the outputs have certain desirable characteristics that create value to the stakeholders). Another recent approach, known as research quotient [32], [33], adapted the total factor productivity formulations to include new variables such as R&D investments, but have revenues as an outcome and consider other non-research related inputs such as advertising investments.
The literature on R&D productivity offers several insights that apply to PDE productivity: (i) the need to describe the purpose of the PDE activity and the productivity assessment process, (ii) the need to use a dashboard of indicators instead of a single indicator, (iii) the opportunity to consider outputs and outcomes in such a dashboard.
[bookmark: _Hlk70338741][bookmark: _Hlk65232647][bookmark: _Hlk69746696][bookmark: _Hlk69748897]Finally, regarding productivity in services, Grönroos & Ojasalo [34] emphasised that - unlike industrial productivity - the constant quality assumption does not apply to most service processes since productivity and the perceived quality of the services are inseparable phenomena. Therefore, an assessment of productivity cannot be based solely on process efficiency and output quantity but also needs to consider its effectiveness [35]. However, productivity in services is typically assessed in terms of labour productivity [34], the ratio between an output/outcome (e.g., sales, gross value added, profit, gross output) and labour intensity (e.g., the number of employees or the number of worked hours). Parasuraman [36] thoroughly discussed the importance of considering service quality and service productivity jointly and of adapting conventional productivity concepts to the peculiarities of service design. Lo and Chiu [37] resorted to Data Envelopment Analysis to assess service design productivity, using costs and working hours as inputs and customer satisfaction as the output. More recently, Laitinen et al. [38] analysed public service productivity in terms of efficiency and effectiveness, considering both quantitative data and qualitative data, including emotional labour input and users’ positive experience with the service. On the whole, as Djellal and Gallouj [39] posed, it is difficult to identify the outputs of service activities and distinguish such outputs from the production factors that contributed to its realisation. The authors also distinguish between outcomes (e.g., sales) and outputs (e.g., the number of served customers). 
The studies on service productivity confirm (i) the difficulty of identifying standardised outputs, (ii) the need to discard the constant quality assumption and to consider the quality of the provided services, (iii) the opportunity to consider outputs and outcomes to assess productivity. 
Figure 2 summarises how the insights drawn from the three streams of literature.
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Figure 2. Main insights from the three streams of the literature on productivity. Notes: dotted lines describe conceptually close insights.
[bookmark: _Hlk80624535]A dashboard for product design and engineering productivity
Leveraging the literature described in the theoretical background, we advance that PDE productivity should be assessed using a set of indicators capable of addressing the multiple challenges discussed before: (i) identify clear and standardised outputs; (ii) identify inputs that reflect the actual ones used during the PDE activities; (iii) consider both efficiency and effectiveness; (iv) use a set of productivity indicators (v) consider both outputs and outcomes. Accordingly, we propose the following process for a firm willing to assess its PDE productivity.
Setting a goal
As suggested in the literature, productivity indicators should be defined after a clear goal has been identified. In most circumstances, such a goal will be to assess how the resources (people, processes, tools, budget) available to PDE organisational units are used to achieve the outputs and outcomes defined by the management or the customer. A longitudinal analysis of productivity indicators could be used to assess the impact of a revision in the engineering or organisational processes, a change in the tools available to the PDE human resources, or to relate the productivity indicators with other performance measures (e.g., customer satisfaction, sales, turnover rate of human resources). The indicators can be adapted according to the managers’ priorities and the firm’s industry. Managers should also account for the multi-domain (people, product, and process) nature of PDE, especially for complex product design and development [40].
Inputs and resources
[bookmark: _Hlk80610660][bookmark: _Hlk69727641]Systems theory differentiates between input and resource. The former represents a flowing element while the latter constitutes human work and equipment [41]. PDE activities typically leverage resources – and especially human capital – while other inputs have a neglectable impact. However, since productivity is typically defined as the inputs used to obtain certain outputs, we use the term inputs instead of differentiating between inputs and resources, giving “input” a broader meaning than systems theory.
Typical inputs used to assess productivity include the number of employees involved in the activities under investigation. However, such a measure may not assess PDE productivity properly if the employees involved in PDE activities also contribute upstream (to the research activities) or downstream (to the subsequent industrialisation of the product). Better input measures would be the number of hours dedicated by the human resources to the relevant PDE activities. Such measures could be drawn from the enterprise resource planning (ERP) dataset in those firms that require the employees to fill in a detailed timesheet. In addition, since PDE activities can be performed with other stakeholders, such as customers and suppliers, some indicators could also consider their contribution. 
[bookmark: _Hlk70324405]PDE activities are influenced by many important factors such as human resources’ education and training, creativity, autonomy, availability of ICT tools, usage of open innovation, in-licensing of technologies that could be integrated into new products, crowdsourcing of ideas and technologies, etc. Such factors can moderate the impact of the inputs mentioned above on PDE activities’ outputs. However, in some circumstances, firms may consider some of them as inputs if their role is considered as important (or even more important) than straightforward measures such as the time spent on a project.
Outputs and outcomes
PDE units are involved in multiple activities that can be described through output measures. In most circumstances, the design activities will be defined by the number of CAx models (e.g., CAx stands for Computer-Aided and “x” means: software, electronics, materials, mechanics, and systems released), the engineering activities will return requirements and technical documents. In certain industries, PDE units will also be involved in writing lines of code or electronic equipment development. Such outputs could be eligible as numerators of as many productivity indicators. The i-th output-oriented productivity indicator for the t-th period (e.g., month, semester, year) would be defined as Equation (1):

[bookmark: _Hlk70948113]	 			(1)

[bookmark: _Hlk70349287][bookmark: _Hlk69510658][bookmark: _Hlk69731018][bookmark: _Hlk69731206][bookmark: _Hlk70948181]Nevertheless, in line with previous studies on NPD productivity, R&D productivity, and service productivity, the management wants to measure how such outputs become outcomes that create value (i.e., that have short- and medium-term positive impact on the company). As mentioned before, typical NPD outcomes such as annual revenues on new products, innovativeness of the new products, number of patents, and general customer satisfaction would not be adequate outcome measures for PDE productivity since other organisational units heavily influence them (such as R&D, marketing, production, and logistics units). Therefore, we suggest using outcome measures strictly related to the PDE outputs and consider their perceived quality. A technically correct PDE output (e.g., a design document) may not suffice to satisfy the customer (e.g., due to misalignments regarding the agreed requisites, the unsatisfactory appearance of the project, or late delivery) or regulators. Hence, outputs need to be qualified by leveraging the feedback from external subjects. Doing so, the output becomes an outcome since it is “context-oriented” and describes the medium-term effect of the outputs generated by the PDE activities on the company (e.g., in terms of customer retention, time and money spent on reworking, damage to the company’s image). For instance, the PDE outputs in some industries are subject to external certification, which returns a proxy of how well they were engineered. Therefore, the number of requirements for achieving such certifications (i.e., in aerospace, automotive, railway, or energy utility sectors) would be suitable outcome measures. In other circumstances, the (internal or external) customer may reject designs and requirements, possibly due to production errors or deviation from standards. The extent to which the outputs are perceived as appropriate by the customer is another possible outcome measure. Hence, the j-th outcome-oriented productivity indicator would be defined as Equation (2), which splits productivity in efficiency and effectiveness, as done in the traditional definition of productivity and suggested in earlier PDE productivity studies: 
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[bookmark: _Hlk70349388]Based on the goals set by the management, the dashboard can be completed with measures considering the PDE unit’s capability to meet their forecasted completion dates (Brown & Gobeli, 1992). Such a capability is important to guarantee that the production planning does not suffer from unexpected delays and mitigates the risk of not meeting contractually agreed deadlines (e.g., milestones). This risk can be particularly high for complex NPD projects due to inadequate planning techniques [42]. Similarly, budgeted costs could be compared with the actual ones. 
Unlike traditional productivity, where standard outputs (e.g., number of products) are delivered at a reasonably constant rate (except for eventual seasonality), PDE outputs may be delivered at a more discontinuous rate, possibly depending on the degree of novelty of the ongoing projects. Indeed, depending on the industry and nature of a project, completion can take weeks, months, or even years. There might be periods when PDE activities are on hold and others when such activities are frenzied. Such discontinuity factors could be controlled using reasonably long observation periods (e.g., trimesters or longer) or multiple-month running average values with an N-period time horizon. N will need to be adjusted according to the firm’s business (e.g., firms working on commissioned orders may have PDE activities that last many months on average). Another option would be to assess which specific inputs have been dedicated to a certain project and assess productivity accordingly, regardless of lag time.
An Exemplary Implementation of the Product Design and Engineering Productivity indicators Dashboard
This section describes an exemplary implementation of the dashboard in Leonardo. Subsection 4.1 presents the firm where the dashboard was implemented, subsection 4.2 describes the implementation process, and subsection 4.3 shows the results.
The company
We implemented a dashboard of productivity indicators in Leonardo, an Aerospace & Defence multinational high-tech firm with 180 offices, headquarters in Italy, and over 45’000 employees in 12 countries. Up to 2018, the company consisted of seven divisions (Helicopters; Aircraft; Aerostructures; Airborne and Space Systems; Land & Naval Defence Electronics; Defence Systems; Security & Information Systems). For PDE activities monitoring, Leonardo also considers one of its most important controlled companies as a division. Each division has a specific business portfolio, a market, and full accountability over its results. Therefore, the engineering units of each division operate in different markets and face different technological challenges. Nonetheless, suitable metrics need to be implemented to compare their productivity, enabling them to improve the engineering processes. 
Leonardo is ideal for an illustrative implementation of our approach to measuring PDE productivity for four key reasons:
· the company comprises divisions whose activities include many different engineering disciplines;
· the management has a strong interest in the quantitative assessment of performance and is keen to have easy-to-implement, straightforward and scalable measures that could be used transversally to offer a comprehensive overview of the heterogeneous PDE units;
· PDE-related data are available since the second half of 2016, thanks to the widespread and detailed use of the ERP system and the Product Life Cycle Management (PLM) system to account for working hours and used resources; 
· the company had defined a set of PDE KPIs, grouped in different categories, to be measured by all divisions. Each KPI has been thoroughly described in fact sheets (e.g., see Figure 3) to guarantee a standard data collection and is gathered monthly. 
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[bookmark: _Ref80628311]Figure 3 Example of KPI fact sheet
[bookmark: _Hlk80624087]Methodology: The implementation of the dashboard
[bookmark: _Hlk80627647][bookmark: _Hlk80784570][bookmark: _Hlk80627632]Leonardo's Head of Corporate Engineering Governance and two of his senior Engineering team collaborators promoted the implementation of the approach we presented in Section 3. In this task, they collaborated with three senior researchers. Hereafter, we will refer jointly to the two groups as the research team. Hence, the implementation of the dashboard followed a participatory action research approach [15], where researchers and corporate participants collaborated to co-construct the knowledge needed by the company.
As a first step, the manager identified a set of three goals, including 1. setting up a dashboard of indicators to measure the impact of organisational changes on PDE productivity; 2. identifying internal thresholds of productivity and quality that could serve to define division-specific goals; 3. compare productivity results with external industry benchmarks. Starting from this three-fold goal, the research team defined five output-oriented and four outcome-oriented productivity indicators (Table 1). 
[bookmark: _Hlk70347406]The definition of such indicators started from a larger set of candidates (over 200 suitable input and output metrics, drawn from Leonardo’s ERP and PLM systems). First, the research team went through each of them, selecting the most promising ones according to the rationale described in subsections 3.2 and 3.3 (i.e., inputs that are likely to be key determinants of the outputs/outcomes that describe the desired result of PDE activities the best). Next, the research team narrowed down the initial set of metrics to avoid unnecessary duplications (e.g., indicators that measured two strongly correlated outputs) and inaccuracies (e.g., indicators for which raw data were considered unreliable). Examples of discarded metrics include new product ideas gathered (which depends heavily on the innovation posture of the company), software problem reports (which would apply to a subset of the divisions) and customer-non compliances (due to the lack of data dynamics to be evaluated). Finally, where necessary, the research team invited the divisions to complete missing data or to produce additional metrics based on their archives and complementary datasets (e.g., the data needed to define the novelty variable, described in the next subsection, were not available in the ERP or PLM systems for most divisions).
The output-oriented measures cover the five typical PDE activities performed in most divisions of Leonardo: electronic systems development (P1), software development (P2), system requirement development (P3), test development and execution (P4), and CAD design (P5). 
The outcome-oriented measures account for both the output per input rate of typical PDE activities (efficiency) and the extent to which such outputs are in line with acceptable standards (effectiveness). Among them, we defined P6 as the number of technical documents (such as specifications, design, plans, and interface documents) released by the PDE units on the total number of engineering hours, excluding those that are dedicated CAD models (efficiency). 
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	Output Productivity indicator
	Description
	Outcome Productivity indicator
	Description

	[bookmark: _Hlk69376698]Interconnections in electronic systems (IES)
	
	Technical documents (TD)
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	Test development
	
	
	

	CAD models
	
	Mechanical documents
	
  
  

	
	On-time (milestones)
	

	
	On cost (budget)
	


Table 1: Exemplary dashboard of the productivity indicators. Note: # stands for ‘number of.’
 
We excluded the technical documents that were revised due to a found non-conformity by the customer (effectiveness).
P6 provides an aggregate outcome that corresponds to the first four output productivity indicators. P7 describes how many CAD models are released on the hours of design (efficiency) and how many of such released CAD models are not reworked models due to an error discovered by the customer (effectiveness). Finally, P8 and P9 describe the extent to which the PDE unit completes its milestones on time and on budget, respectively. Meeting milestones and budget is particularly important in Leonardo, which has been implementing waste assessment and root cause analysis approaches to contain time losses since 2016-17. 
While P6 and P7 are outcomes with an external focus (a customer needs to confirm that the output meets the agreed requirements), P8 and P9 have an internal focus since they represent the PDE unit’s capability to comply with the plans.
We applied the productivity indicators to all the divisions of Leonardo. For the sake of brevity, we present in this paper the results achieved by the six larger PDE divisions, which comprise almost 8’000 employees. The productivity indicators have been calculated in two different moments, depending on the availability of raw data: 
· Phase 1  indicators relative to the years 2017 and 2018, 
· Phase 2  indicators relative to the year 2019. 
During 2019, Leonardo PDE activities underwent four major changes:
· A re-organisation of some divisions, due to a more product-focused approach, to integrate the different engineering disciplines better (for the sake of the research objective, we analysed data according to the “old” organisation).
· The introduction of a new operational planning system in two divisions (D4 and D5) in 2019, which will be completed in 2020-2021 in all the other divisions.
· The deployment of an integrated PLM suite in divisions D4 and D5, which imported the PDE configurations from a set of five different PLMs.
· The deployment of a new PLM platform in division D3 allowed digitalising some legacy products' configurations. Furthermore, it enabled the collection of more PDE data than in previous years.
These four major initiatives had different trigger decisions. Still, they have in common the objective to improve the firm's overall performance - and PDE in particular - and improve the company’s performance itself, which can be summarised by the P8 and P9 indicators trends.
Results
The data displayed in Table 2 show the aggregate productivity indicators for the years 2017, 2018, and 2019 of six divisions. We also introduced the control variable novelty, defined as the ratio between the PDE costs for developing new products and total PDE costs (including those costs caused by the modifications of previously launched products). Figure 3 shows the trends and per cent differences, while Table 3 (in the appendix) shows Pearson’s correlation indexes. Hereafter, we discuss the main insights drawn from the productivity indicators analysis, including some of the most remarkable differences between 2017 and 2019.
P1 [Interconnections in electronics] is the only productivity indicator that improved for most divisions, in line with the company’s expectations due to the introduction of new computer-aided development systems. Such systems increased the number of automated processes (model-based design and automatic code generation using commercial IP modules and libraries) and improved the management of technical documents. Of particular interest is the +478% achieved by D7, mainly due to a massive increase in output, and the results of D6, which largely outperformed the other divisions.
P2 [Logical lines of code] decreased or maintained stable its level in most divisions. D4, whose software programming activity is relatively less complex than other divisions, consistently had the highest productivity indicator level. 
[bookmark: _Hlk80615461]P3 [System requirements] strongly increased for D2 and D6, which also experienced increases in novelty. This link – also confirmed by a 0.45 Pearson correlation - suggests that the PDE units perform system requirements activities more productively for novel products. In both cases, the improvement of the indicator was caused by a remarkable increase in the outputs in the three years (+436% for D2, + 73% for D6), against a lower increase of the hours of work (+119% for D2, +39% for D6). Leonardo has analysed the processes and tools used to support the system requirements management process in D2 and D6 since they outperformed the other divisions, intending to transfer to the other divisions the best practices. According to the analysis, some of the improvements were due to new management tools for technical documents and requirements that supported partial automation of the processes and reduced the time spent by middle managers (and the related cost) to review and authorise the intermediate development artefacts. The introduction of the “Digital Twinning” concept encompassed the evolution from a mix of 2D-3D product representation to a fully digital version of the physical product (including physical, chemical, mechanical, ergonomics, fluid dynamics and aeroelastic characteristics) and enabled such management tools. The digital models flow from engineers through the product lifecycle management environment, to manufacturing, to the service and support activities with fewer intermediate steps, no data format changes, prompt updates of the digital version when the product is improved, and complete coherence of the configurations (which are essential for the aerospace safety and airworthiness certifications). From a managerial perspective, digital twinning allowed keeping track of all the technical documents’ authorization process and their adherence to the customers’ requirements.
P4 [Test development] worsened in most divisions, except D3 and D7. In the worst cases (D4 and D6), the decrease exceeded -80%, caused by a massive reduction of the released tests despite increased hours dedicated to their development. Such a change has been triggered by improving the design quality and avoiding the late discovery of issues. An outlier, characterised by the indicator of D3 in 2019, is due to three major test campaigns with repeated testing of the same outputs. In the early stage of development, these campaigns implied using digital mock-ups of the systems (real systems under development had “digital twins”). Hence, the tests were processed by simulating the expected behaviours more rapidly.
P5 [CAD models] fluctuated for most divisions, which ended in 2019 with worse figures than in 2017. In three cases, D2, D3, and D7, the decrease is around -30%. However, an analysis of the indicator components shows that the causes for such a decrease are different (e.g., for D2, the number of CAD models decreased less than the decrease in time dedicated to the activity, while for D3, the number of CAD models increased but the corresponding engineering hours increased much more). Those contradictory results have been justified by the learning curve needed for mechanical engineers to operate the new digital technologies introduced in such areas (e.g., digital CAD tools allowed new 3D simulations that absorbed time, negatively impacting this indicator but greatly improving the subsequent mechanical processing).
P6 [Technical documents] has been stable in absolute value and decreasing in relative terms for most divisions. This result suggests that a process innovation should be undertaken to improve all divisions’ productivity transversally. Leonardo is foreseeing improvements for this indicator in 2020 and 2021, thanks to the deployment of digitisation in many PDE processes, which will also support process automation by using state-of-art PLM platforms.
P7 [Mechanical documents], as expectable, shows a similar pattern to P5. An exception is D4, which improved P5 and improved P7 even more, showing a parallel increase in efficiency and effectiveness. This result attracted the management's attention to defining a best practice for the other divisions concerning new technology’s introduction, the related change management for the engineering activities, and the positive effects on later manufacturing activities. Indeed, the experience of divisions such as D4 induced the management to adopt a uniform PLM approach instead of the variety of tools used before. Such choice will enable data-driven exploitation across different PDE projects of each division and a smoother process from PDE to manufacturing. The company embraced this change defining framework agreements with the main IT vendors to define technology acquisition roadmaps.
P8 [Milestones] improved for most divisions. It is lower for the divisions with higher levels of novelty (Pearson’s correlation index -0.59), indicating the difficulties faced in meeting the temporal milestones when developing new products. However, P8 productivity improved for D6 (+36%) despite a +15% increase in novelty. This result was achieved thanks to an increase in the number of established milestones (+36%), corresponding to an even larger increase in the number of met milestones (+54%). The result suggests that a moderate increase in milestones granularity could be a potential best practice applicable to other divisions willing to improve their level of P8.
P9 [Budget] is at high levels for most divisions. Best practices for this productivity indicator could be drawn from D6 and D7, which nearly perfectly met the budget in the three years and even exceeded the expectations in 2019 (for D7). Notably, D5 experienced a major change in the information system in 2018 that hampered its functioning, while 2019 allowed it to make up for the losses.
[bookmark: _Hlk70347588]

	Year
	Division
	Output productivity indicators
	Outcome productivity indicators
	Novelty

	
	
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	

	
	
	Interconnections in electronic systems (IES)
	Logical lines of code (LLOC)
	System requirements (SR)
	Test development (TD)
	CAD models
	Technical documents
	Mechanical documents
	On-time (milestones)
	On cost (budget)
	Cost for novel products on the total cost

	2017
	D2
	†
	0,003
	0,195
	1,066
	0,043
	0,007
	0,039
	0,963
	0.970
	0,21

	2018
	D2
	†
	0,002
	0,519
	0,888
	0,043
	0,007
	0,030
	0,918
	0.929
	0,27

	2019
	D2
	†
	0,006
	0,477
	0,871
	0,032
	0,009
	na
	0,896
	0.960
	0,24

	2017
	D3
	†
	0,015
	0,293
	1,590
	0,045
	0,006
	0,039
	0,768
	0.910
	0,22

	2018
	D3
	†
	0,006
	0,040
	0,796
	0,057
	0,007
	0,051
	0,766
	0.904
	0,27

	2019
	D3
	†
	0,007
	0,144
	2,032
	0,030
	0,004
	0,028
	0,992
	0.813
	0,32

	2017
	D4
	0,041
	0,027
	0,226
	0,346
	0,071
	0,003
	0,064
	0,686
	0.942
	0,78

	2018
	D4
	0,057
	0,027
	0,056
	0,084
	0,150
	0,003
	0,134
	0,688
	0.847
	0,67

	2019
	D4
	0,064
	0,026
	0,040
	0,038
	0,080
	0,001
	0,077
	0,661
	0.914
	0,80

	2017
	D5
	0,125
	0,010
	0,016
	0,016
	††
	0,01
	††
	0,621
	0.856
	0,20

	2018
	D5
	0,244
	0,009
	0,006
	0,007
	††
	0,01
	††
	0,661
	0.510
	0,25

	2019
	D5
	0,118
	0,011
	0,006
	0,007
	††
	0,007
	††
	0,703
	0.864
	0,23

	2017
	D6
	0,595
	0,002*
	0,531
	1,086
	0,039
	0,007
	0,031
	0,440
	0.940
	0,74

	2018
	D6
	0,870
	0,001
	0,638
	0,140
	0,044
	0,008
	0,035
	0,595
	0.972
	0,93

	2019
	D6
	0,864
	0,002
	0,661
	0,155
	0,044
	na
	0,035
	0,597
	0.974
	0,85

	2017
	D7
	0,023
	0,020
	0,054
	0,411
	0,156
	0,002
	0,152
	0,951
	0.977
	0,38

	2018
	D7
	0,009
	0,011
	0,048
	0,271
	0,078
	0,001
	0,076
	0,921
	0.940
	0,39

	2019
	D7
	0,133
	0,011
	0,047
	0,550
	0,109
	na
	0,101
	0,928
	1.044
	0,40


Table 2: Productivity indicators for the three years 2017-2019. Notes: green font, the division has the largest productivity indicator in the year; red font, the division has the smaller productivity indicator in the year; †, no electronic PDE activities in the division; ††, mechanical PDE activities not meaningful in the division; * value corrected for the presence of an outlier; na, data not available.


[bookmark: _Hlk81318727]P8 and P9 could also be improved through a general upskilling reached through the training programs carried out in Leonardo Academy (a specific unit under HR responsibility to deploy continuous high-level technical education for employees on engineering and manufacturing units). Such programs are also connected to the new technologies that will be developed in the next years in Leonardo. Hence, Leonardo Academy serves as an enabler for the performance improvement of almost all the PDE indicators.
The productivity indicators and the KPIs used to calculate them are presented to the top management with the visual support of tables (e.g., see Table 2) and figures (e.g., see Figure 4 and Figure 5). Based on the results outlined in Phase 1 and Phase 2, Leonardo is improving its processes and tools to support PDE activities; leverage the best practices analysed in some divisions; deploy digitisation in many PDE departments; measure the expected improvements during a possible third phase covering 2020 and 2021. 

[image: ]
Figure 4. Intra-divisional trends of the productivity indicators and per cent difference from 2017 to 2019.
[bookmark: _Hlk81318782][image: ]
Figure 5. Visual representation of the trends of one of “Milestones on time”, the numerator of the P8 productivity indicator. 
[bookmark: _Hlk81385581]The strategic objectives, the other internal initiatives (such as the Leonardo Industrial Plan, the CMMI certifications achieved by some Divisions, and the strategical choice of digitization implementation) and the analysis of productivity indicators brought Leonardo to define a set of initiatives. Such initiatives, called Charters, are to be developed in the 2021-2023 timeframe, whose effect will be measured with future data collection campaigns of PDE productivity indicators. Some of the Charters will have a more direct impact on PDE indicators than others. The six Charters imply a set of actions described in Table 4 (in the appendix).
Discussion
Assessing productivity is mandatory to identify strategies to improve it and motivate the divisional managers to align with the organisational plans and priorities [43]. PDE productivity is not an exception. Furthermore, since productivity can suffer from precipitous drops when projects are cancelled [44], its proper and timely assessment is critical to react rapidly.
The study has both theoretical and managerial implications that are described hereafter.
Theoretical implications
Differently from previous studies, we selected outputs and outcomes that depend on PDE activities alone, discarding those that involve other organisational units upstream (e.g., new product ideas due to the dependence by the innovation attitude of the company) or downstream (e.g., market success, which also depends on marketing, production and logistics). Such an approach allows a more thorough assessment of PDE productivity. We proposed that qualified outputs (i.e., outputs compliant with certain requisites or outputs net of those reworked due to engineering errors) represent PDE outcomes. This approach addresses the violation of the constant quality assumption typical of service activities [34]. We leveraged the literature [29] to propose that the assessment of PDE productivity cannot leverage a single indicator but rather requires a dashboard of productivity indicators that consider outputs and outcomes. Such a dashboard is essential to capture some of the variety and complexity of PDE activities.
[bookmark: _Hlk80784870]This study can operate as a common platform for the streams of the literature offering solutions to improve PDE productivity, such as the stream on lean product development [2]. While lean production and six sigma improve productivity [45], thorough assessments of such an impact on PDE productivity are lacking. We argue that the metrics used in the dashboard should consider the logic of the approach chosen by the company. For instance, in the case of lean, the role of milestones achievement could be particularly important [46] given the impact of lean product development on reducing wastes in the process.
Managerial implications
Using a dashboard of productivity indicators offers managers a powerful tool to control the PDE activities and promptly replicate best practices and identify criticalities. We showed the potential of such a tool through the illustrative implementation of a PDE productivity dashboard in Leonardo, which allowed:
· identifying the impact of productivity of organisational practices and new tools, including new digital computer-aided development systems (e.g., P1), management tools that supported the partial automation of some processes (e.g., P3), a different set of organisational goals to favour quality over quantity (e.g., P4), and digitisation (e.g., P5, P6, and P9);
· spotting major intra-divisional productivity falls from 2017 to 2019 (e.g., P3, P4, and P6), which is needed to address the causes behind them;
· pinpointing best practices that could be extended to all divisions (e.g., P5, P8, and P9);
· understanding the relationship between the degree of novelty of the division’s PDE activities and some productivity indicators (e.g., P3 and P8). 
[bookmark: _Hlk81237101]Notably, while we used yearly indicators to offer an overview of the dashboard in three years, managers can retrieve inputs and outputs/outcomes more frequently and assess them through rolling average values. In such a case, the dashboard could be adapted to present frequently updated productivity indicators, their components, and their trends in the form of visual management systems in the workplace. Such visual aids could serve a twofold purpose: assessing productivity and leading to its improvement.
Another good approach, which we could not implement in our case, would be identifying the specific inputs and outputs/outcomes of different projects or units at the aggregate level. Such an approach would allow a more detailed assessment of the activities and, hence, more accurate corrective actions.
Limitations
Our implementation of the dashboard in Leonardo has an illustrative purpose. We recognise that many organisations would need to implement major process innovations to collect the data regarding inputs, outputs, and outcomes needed to build a dashboard of productivity indicators. The cost/benefit ratio of such an implementation would depend on whether PDE activities are a major source of competitive advantage and costs for the firm.
[bookmark: _Hlk69380166]The exemplary dashboard we used in Leonardo may not be applied tout-court to other companies since it needs a setting-up and fine-tuning process – based on the target company’s PDE activities characteristics – as described in section 3. However, a dashboard composed of PDE productivity indicators can be easily set up in any context following the process mentioned in the article.
Another limitation lies in the indicator we used to assess the divisions’ capability to plan their work and respect the deadlines, the achieved milestones. Indeed, different divisions adopt different approaches to define their milestones (e.g., few important milestones versus many step-by-step milestones) but our analysis cannot distinguish a major milestone from a minor one. 
Conclusions
In this article, we addressed the challenge of estimating the productivity of the organisational units involved in PDE activities. To this aim, we leveraged three branches of the literature on productivity, including NPD, R&D, and services. We concluded that PDE productivity needs to be assessed through multiple complementary indicators considering how relevant inputs were used to develop outputs and obtain outcomes. We also offered guidelines to build such a set (dashboard) of indicators and presented an exemplary implementation in a leading multinational company.
Our exploratory study uncovered the need for more research on PDE productivity. 
First, an assessment of PDE productivity should not be limited to time and cost. Instead, it should consider important PDE metrics such as product complexity and novelty, technical accomplishments embodied in the design, and quality (e.g., designs free from errors and ambiguity) [6]. Indeed, we found that several productivity indicators are (positively or negatively) correlated with the novelty of the activities performed by the divisions under investigation. Even though our indicators could consider the quality aspect by using reliably constructed outcome measures, the product complexity aspect remains challenging. Indeed, two PDE units working on different novelty degrees (e.g., one focused on developing radically new products and another focused on improving existing products) could hardly be compared. Hence, future studies should distinguish PDE outputs based on their novelty. Furthermore, they should distinguish between novel products, which require design and engineering activities that cannot adapt previously developed designs and specifications, and modified products, consisting of improvements or customisations of previously developed products. While we expect that PDE activities pertaining to novel products can improve their productivity mainly through better training of the engineers, economies of learning, and improved technologies or tools, PDE activities pertaining to improved products could also greatly benefit from process reengineering and reuse. Therefore, distinguishing between the novel and the modified products would be important to provide firms with more detailed and relevant suggestions on how to improve PDE productivity. 
Second, the lag-time between PDE activities, their outputs, and the discovery of errors in them is a difficult-to-control issue. Therefore, we suggest assessing the specific inputs (e.g., number of hours) dedicated to a specific output (e.g., a CAD model revision), keeping track of its outcome (e.g., successful production versus eventual revision request due to error). 
Third, a growing stream of research studies how productivity can benefit from big data [47]. Hence, as future research, we encourage studies to unveil if and how big data could assess and improve PDE productivity. Furthermore, collaboration with external organisations often enhances NPD and process innovation, as posed by the open innovation literature [48], [49]. Therefore, future research could explore how these aspects could be integrated into a PDE productivity dashboard.
[bookmark: _Hlk80803919]Fourth, while this study offered a framework to assess PDE productivity, future research could explore the data visualization aspects that should be considered to represent the indicators in the dashboard in the most effective way.
Finally, this research focused on inputs and outputs to assess productivity, but many factors can moderate the successful conversion of the inputs into outputs. Indeed, productivity is enhanced by many factors such as autonomy and continuous learning [8], encouragement of creativity [50], voice-of-customer ideation methods and spiral development [2], open innovation [51], [52]. While these factors cannot figure as inputs in our dashboard, they may be critical in explaining the year-on-year and division-on-division differences or even comparing the firm’s productivity with other firms in the same sector. Hence, we encourage future empirical research to consider the effect of such moderating factors on PDE productivity indicators. The availability of standard productivity indicators could allow inter-organisational comparisons and large-scale empirical analysis to unveil the drivers and barriers of productivity.
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Appendix
	Indicator
	Description
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9

	P2
	correlation
	-0.762
	
	
	
	
	
	
	
	

	
	p-value
	0.004
	
	
	
	
	
	
	
	

	
	observations
	12
	
	
	
	
	
	
	
	

	P3
	correlation
	0.933
	-0.549
	
	
	
	
	
	
	

	
	p-value
	0.000
	0.018
	
	
	
	
	
	
	

	
	observations
	12
	18
	
	
	
	
	
	
	

	P4
	correlation
	0.177
	-0.306
	0.207
	
	
	
	
	
	

	
	p-value
	0.582
	0.217
	0.410
	
	
	
	
	
	

	
	observations
	12
	18
	18
	
	
	
	
	
	

	P5
	correlation
	-0.707
	0.687
	-0.608
	-0.520
	
	
	
	
	

	
	p-value
	0.033
	0.005
	0.016
	0.047
	
	
	
	
	

	
	observations
	9
	15
	15
	15
	
	
	
	
	

	P6
	correlation
	0.526
	-0.671
	0.315
	0.025
	-0.653
	
	
	
	

	
	p-value
	0.118
	0.004
	0.235
	0.927
	0.015
	
	
	
	

	
	observations
	10
	16
	16
	16
	13
	
	
	
	

	P7
	correlation
	-0.742
	0.690
	-0.631
	-0.494
	0.995
	-0.671
	
	
	

	
	p-value
	0.022
	0.006
	0.016
	0.072
	0.000
	0.017
	
	
	

	
	observations
	9
	14
	14
	14
	14
	12
	
	
	

	P8
	correlation
	-0.607
	-0.017
	-0.278
	0.436
	0.127
	-0.271
	0.220
	
	

	
	p-value
	0.037
	0.946
	0.263
	0.071
	0.652
	0.309
	0.451
	
	

	
	observations
	12
	18
	18
	18
	15
	16
	14
	
	

	P9
	correlation
	0.149
	-0.056
	0.366
	0.133
	0.086
	-0.336
	0.125
	0.199
	

	
	p-value
	0.644
	0.826
	0.135
	0.599
	0.759
	0.203
	0.670
	0.429
	

	
	observations
	12
	18
	18
	18
	15
	16
	14
	18
	

	novelty
	correlation
	0.576
	0.210
	0.446
	-0.341
	0.101
	-0.399
	0.009
	-0.585
	0.276

	
	p-value
	0.050
	0.404
	0.064
	0.166
	0.720
	0.126
	0.975
	0.011
	0.267

	
	observations
	12
	18
	18
	18
	15
	16
	14
	18
	18


Table 3: Pearson correlation values with pairwise deletion.

	[bookmark: _Hlk70347870]Charter
	Actions
	PDE KPIs
	Best Practices

	Charter 1: Digitisation of Product Development
	· Allow a flexible and agile way of working for engineers
· Standardization and consolidation of the design toolbox
· Maximize data analytics to optimize product certification and in-service availability
· Develop virtual models of products to predict their properties and behaviors
	P1, P2, P3, P4, P5, P6, P7
	Technical Documents Management
Process Automation

	Charter 2: People and Skills Management
	· Leverage on the major internal Research and Technology initiatives to insource disruptive and new skills
· Preserve the critical resources and manage the knowledge transfer to younger people 
· Define the new roles needed in Engineering Disciplines 
· Insert new resources, also improving gender diversity
· Re-train a significant number of internal resources to improve their skills
· Define the competencies to be improved or inserted by 2024, also considering the aims of the European “Skills Defence Alliance” initiative
	P1, P2, P3, P4, P5, P6, P7
	Leonardo Academy
Leonardo Labs

	Charter 3: Revision of the Engineering Costs Structure
	· Focus on the main costs recharged from Central Organizational Units to the Divisions
· Rationalization of Operating Costs of Engineering
	P8, P9
	Milestones Management

	Charter 4: Engineering Offload Management
	· Assessment of Engineering Offload Supply Chain Performance in terms of delivery adherence and quality
	P8, P9
	Milestones Management

	Charter 5: Enhancement of Engineering Processes
	· Engineering Process Enhancement Roadmap Implementation
· Cyber Resilience of Products and Services
· Full Compliance to REACh and other Chemicals Regulations
	P1, P2, P3, P4, P5, P6, P7
	Technical Documents Management
Process Automation

	Charter 6: Products Strategy Improvement
	· Assessment of the “value-added” brought by Engineering, mainly in terms of contribution to Revenues and EBITA
· Reshaping of Product Portfolio Posture
· Readdressing peculiar activities in Research and Product Development
	P8, P9
	Leonardo Labs


Table 4. Actions pertaining to six Charters, corresponding KPIs and best practices

image3.png
KPI fact sheet: Productivity, Mechanics
# of man-hours per CAD Model’

Name of KPI # of man-hours per CAD Model D 611
Category Productivity, Mechanics

Tracking = Measure productivity of mechanical engineers working on Cad Guidelines

objective Models = Tracking of hours:

Definition = Number of engineering hours (internal and external — offload activities iicti=liacheclaceoninglchu==heE R poaced

only) spent on development of CAD Models in the period / Total number
of CAD Models released in the period (‘released into PLM/PDM”,
including new and modified CAD Models)

Multiple versions of the same CAD Models shall be counted

Requirements

= Track total number of hours spent on CAD Models development
Track total number of CAD Models released in the period

Data owner = Head of Discipline (or Data = SAP
equivalent) source = Configuration Mgmt tool
= PDM
= PLM
Target = Internal target defined Measure- = Monthly (12 months rolling
setting according to Divisions’ ment average)
practice (to be evaluated in | frequency
combination with quality
indicators)
Data input * According to File Template

provided by IGT

in SAP
— Baseline is to use allocation of resources to EPF
Specializations
= Aim: 80%+ of mechanical engineering hours to be
covered with productivity KPIs for CAD Models and
reports
= All CAD models managed in Data sources to be
considered (independently on type and complexity)
= A CAD Model is considered modified when a new
version is released. If multiple revisions are released for
the same CAD Model, they are counted multiple times,
according to the number of different revisions
= Applicable to all developers of CAD CAD Models
(mainly mechanic, but also electrical, etc...)

1 CAD Model, means 2D CAD Models and 3D Models: Release of a 3D model with associated 2D CAD Models is counted as 1





image4.png
Division Year P, P, Py P, Ps Pg P, Pg Py Novelty
Trend \/ \

D2 Aso17-2010 100% 145% -18% -26% 29% 7% 1% 14%
Trend \”‘ /\

D3 Azo17.2019 -53% -51% 28% -33% -33% -28% 29% -11% 45%
Trend \ /\ /\ \/

D4 Asorr200  56% 4% 82%  -89%  13%  -67% 20% -4% 3% 3%
Trend \/ _— _— \/

D5 As017-2019 -6% 10% -63% -56% -30% 13% 1% 15%
Trend / / / /\ / /;

Do As017-2019 45% 24% -86% 13% 13% 36% 4% 15%
Trend \/ N \ \/ \\/ \ \/ \\/ \/ /

D7 As017-2019 478% -45% -13% 34% -30% na -34% -2% 7% 5%





image5.png
{:/\M-m | 1.1.1 - Milestone On Time LEONARDO Procedure 41/2019

soectvenn 2019 Lot UpdateMonth:_ Decamber 2620 SumYTD
LEONARDO DIVISION 1 DIVISION 2 DIVISION 4-6 DIVISION 3 DIVISION 7
2015 s.Previous ear 2019V Previous Yesr USTD: 12720 | 2019Vs. Previous Year UPTD: 10/20 | 2013 Vs.Previous Year UPTD:08/20 2019V, Previous Year USTD:12/20 2019V, Previous Year USTD: 12/19
u H . - EeT——
12 1 Ei

Fd
. : , o o I

R
LEONARDO _ @>=8skand <se% . @<Em .. iCompare2019with 2018

last 3, of available data )
prrelessnctste LEVEL 1 MILESTONE - LEONARDO

Year u 2

2020

LEVEL 2 MILESTONE - LEONARDO
2019

%
88% 75% 73% o — 77%
759%: 82% 62%
s S o To% = Q
3 sow 2% % N % em Q
£ 'Y
) . 2
. o T | . — [ — §
w
Jan Feb Mar Apr May Jun ul Aug Sep oct Nov Dec <
Wz mzos W Target /2





image1.png
New Product Development

H Produc.tlon Manufacturing
planning

Instructions
Specifications for the
production

Product
configuration

Application
of research





image2.png
Service

New Product
Development

Need for a clear definition of the
purpose of the productivity
assessment

Need to use a dashboard of metrics,
not a single index

Both outputs and outcomes need to
be considered

Typical outcomes heavily depend on
either R&D activities or marketing
ones

Difficult definition of standard
outputs

Need to discard the constant quality
assumption

Typical inputs (e.g. # of employees
or R&D expenses) are too general to
describe PDE activities

Legend

Streams of

literature on
productivity

Literature
providing
the insight

Related insights
PR

Main insights





