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Abstract 

Purpose - The purpose of this study was to investigate how sustainability and circularity 

performance indicators are interpreted, understood and used within product realisation 

processes in a manufacturing organisation and how they support cross-functional collaboration 

practices. Furthermore, the study aimed to analyse how such indicators may function as 

boundary objects to support coordination, knowledge integration, and shared understanding 

across functional domains. 

Methodology - The study was conducted as a qualitative single-case study with embedded units 

of analysis within a global manufacturing organisation. Empirical data were collected through 

15 semi-structured interviews with respondents representing multiple organisational functions 

involved in product realisation processes, including R&D, purchasing, supply chain 

management, sustainability, and product management. In addition, document studies were 

conducted using organisational policies, governance documents, annual reports, and internally 

used sustainability-related material. The interview data were analysed using thematic analysis, 

while the documents were analysed through content analysis. 

Results - The findings show that sustainability and circularity PIs are unevenly developed and 

interpreted across organisational functions and levels. Environmental indicators were generally 

more formalised and established than circularity-related indicators, while several functions 

relied on indirect operational measures rather than explicitly defined sustainability indicators. 

The study further identified that sustainability and circularity PIs are used in cross-functional 

practices such as meetings, decision-making, prioritisation activities, and supplier 

collaboration. However, the findings demonstrate that indicators do not automatically create 

shared understanding across functions. Instead, their ability to support coordination depends on 

interaction, interpretation, and organisational conditions. The findings further indicate that 

sustainability and circularity PIs can function as boundary objects by acting as shared reference 

points across functions while still allowing local interpretation. At the same time, semantic, and 

pragmatic knowledge boundaries related to conflicting priorities, differing interpretations, and 

organisational conditions remain significant challenges. 

Contribution - The study contributes theoretically by extending the understanding of 

sustainability and circularity PIs as boundary objects within cross-functional product realisation 

processes. Furthermore, the study contributes to research on knowledge integration, and shared 

understanding by illustrating how sustainability and circularity PIs are interpreted, understood, 

and used across organisational functions in manufacturing contexts. From a practical 

perspective, the study provides insights into how manufacturing organisations can structure and 

use sustainability and circularity PIs to support cross-functional coordination and sustainability-

related decision-making. 

Keywords – Sustainability & Circularity Performance Indicators, Boundary Objects, Cross-

functional Collaboration, Knowledge Integration, Product Realisation, Manufacturing 

Organisation. 
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1 Introduction 

This chapter introduces the context of sustainability and circularity in manufacturing 

organisations. It further outlines the theoretical foundations for analysing performance 

indicators in cross-functional product realisation practices. 

1.1 Background 

Sustainability and circularity have become central strategic priorities for manufacturing 

organisations. Growing stakeholder pressures, together with increasing regulatory demands, 

have driven organisations to adopt more environmentally sustainable practices, and improve 

their environmental performance (Kannan et al., 2022). In response, organisations increasingly 

rely on sustainability, and circularity performance indicators (PI) to operationalise strategic 

ambitions into measurable objectives and follow-up routines (Melnyk et al., 2014; Rossi et al., 

2020). Within manufacturing contexts, these PIs are often embedded in product development 

processes, supply chain decisions, and operational routines, making them integral to product 

realisation activities.  

Indicators are useful analytical tools that support tracking, monitoring, and measuring 

performance, particularly in complex organisational settings such as systems, or processes (de 

Oliveira et al., 2021). A key challenge in this context is the significant lack of consistent 

terminology, as terms such as indicator, metric, index, and performance measure are frequently 

used without clear differentiation (Elia et al., 2024). For instance, Neely et al. (2005) define 

performance measures broadly as metrics used to assess the efficiency and effectiveness of 

organisational actions, while Elia et al. (2024) draw a more specific distinction, defining 

indicators as a combination of two, or more metrics that provide information on a specific aspect 

of a system. This study acknowledges that neither definition is universally established and that 

the conceptual boundaries between these terms remain contested. This terminological 

ambiguity is not merely a linguistic issue, and it is itself an empirically significant challenge 

that this study addresses as part of its findings. For the purpose of analytical clarity, this study 

adopts the definition proposed by Elia et al. (2024) as the working definition of indicator, as it 

better reflects the composite, and system-oriented nature of the sustainability and circularity 

PIs examined empirically. However, the broader term PIs is used throughout in an inclusive 

sense, encompassing both individual metrics and composite measures as they appear in practice. 

Research in PIs highlights that PI influence organisational attention, priorities, and decision-

making processes (Bourne et al., 2018; Franco-Santos et al., 2012). In manufacturing 

organisations, where PI are used across multiple functions, sustainability, and circularity 

initiatives involve multiple functional domains, including operations, product development, 

supply chain management, and sustainability management. These functions often operate with 

distinct expertise, goals, and interpretive frameworks. Engineers may focus on technical 

feasibility, supply chain actors on cost, and delivery reliability and sustainability managers on 

environmental impact metrics. As a result, sustainability-related knowledge is distributed 
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across organisational boundaries and embedded in specialised practices (Carlile, 2004; Faraj & 

Yan, 2006). Integrating such distributed knowledge requires mechanisms that enable 

coordination across functional and knowledge boundaries. 

From a knowledge integration perspective, cross-functional collaboration becomes essential but 

also challenging. Effective cross-functional collaboration and innovation require a shared 

vision, individual acceptance of set goals and clearly defined performance requirements 

(Lindblom & Martins, 2022). However, different functional groups may interpret sustainability 

indicators differently, since their perspectives are shaped by local priorities, and professional 

backgrounds. This means that what is seen as an environmental improvement in one function 

may be perceived as a cost increase, operational risk, or design constraint in another. Such 

differences in interpretation may hinder the development of shared understanding and 

coordinated problem-solving (Grant, 1996; Tell et al., 2016). Consequently, it can be assumed 

that the success of sustainability initiatives depends not only on the availability of indicators, 

but on how they are interpreted, and used in cross-functional practices. 

Boundary object theory provides a useful lens for analysing how artefacts may facilitate 

coordination across functional boundaries. Star and Griesemer (1989) argue that boundary 

objects are artefacts that are sufficiently flexible to be interpreted locally while maintaining a 

common identity across groups. When functioning effectively, boundary objects can support 

communication and alignment without requiring full consensus (Carlile, 2002). Previous 

research highlights the central role of PIs in supporting the transition towards a circular 

economy (CE), while also pointing to challenges related to data integration, standardisation, 

and implementation (Woźna et al., 2025). However, less attention has been given to how 

sustainability, and circularity PIs are used across cross-functional collaboration. To address 

this, the present study is designed as a single-case study focusing on one large manufacturing 

organisation. This context enables an in-depth investigation of how sustainability and 

circularity PIs are interpreted, understood and used across multiple organisational functions 

within product realisation. 

1.2 Research Gap 

Boundary object theory has been widely used to analyse coordination across organisational 

boundaries (Fehsenfeld et al., 2024), However, important gaps remain in understanding how 

such objects function in practice, particularly in cross-functional collaboration.  

Within product realisation, understanding how boundary objects function requires closer 

consideration of the interaction between object properties, boundary complexity, and contextual 

conditions in industrial settings (Wlazlak & Säfsten, 2025). Furthermore, boundary objects are 

not merely technical, or objective coordination tools but are shaped by power relations, as 

different actors may influence which interpretations are prioritised, and enable or constrain the 

affordances, that is, the possibilities for action, associated with these objects (Hawkins et al., 

2017). This implies that boundary objects are not neutral but embedded in organisational 

contexts where certain perspectives may dominate over others. 
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Sustainability reporting has been examined as a boundary object, demonstrating that such 

artefacts may contribute to organisational stability rather than transformative change 

(Fernández Chulián et al., 2025). However, limited empirical attention has been directed toward 

sustainability and circularity PIs as boundary objects within cross-functional manufacturing and 

product realisation processes. There is insufficient understanding of how such indicators are 

interpreted, understood, and used in everyday coordination between technical, operational and 

sustainability functions. 

1.3 Problem Description 

Manufacturing organisations increasingly implement sustainability and PIs to translate strategic 

ambitions into operational action. Performance measurement systems help embed strategic 

objectives into operational practices and organisational routines (Franco-Santos et al., 2012; 

Micheli & Mari, 2014). In sustainability contexts, environmental, and circularity-related PIs are 

integrated into internal management systems to operationalise sustainability strategies and 

support organisational change (Gebhardt et al., 2023; Hristov et al., 2022). However, such 

systems often face challenges related to interpretation, and cross-functional alignment when 

indicators must be understood and acted upon across functions with different expertise, 

priorities, and logics (Cunha et al., 2023, 2024). 

Existing research has mainly examined sustainability PIs at a systemic or strategic level, 

focusing on design, measurement content, and external reporting (Cunha et al., 2023; Searcy, 

2012). What remains less understood is the specific context of cross-functional product 

realisation in manufacturing organisations, where sustainability-related decisions are rarely 

confined to a single function. Instead, they require coordination across operations, product 

development, supply chain management, and sustainability management simultaneously 

(Gebhardt et al., 2023; Hristov et al., 2022). This context involves actors with different 

knowledge bases, priorities, and interpretive frameworks working on shared tasks (Majchrzak 

et al., 2012).  

Dussart et al. (2021) and Majchrzak et al. (2012) describes how knowledge is distributed across 

specialized functional domains, creating inherent coordination, and alignment challenges in 

cross-functional settings. In such contexts, PIs are used to support coordination, and decision-

making across functions. They can therefore be understood not as neutral measurement tools, 

but as artefacts embedded in meetings, planning processes, and decision-making routines, 

where they are interpreted through different functional logics (Laine et al., 2016).  

Knowledge boundaries imply that different functions may interpret the same indicator 

differently depending on their functional logic, local priorities, and professional background 

(Carlile, 2004). Empirical studies in manufacturing contexts shows that shared understanding 

does not automatically emerge from shared artefacts but is co-constructed through interaction 

within heterogeneous groups (Bittner & Leimeister, 2014). The process by which PIs either 

support or hinder this process of co-construction, that is how they function as coordination tools 

in practice and is not yet sufficiently understood. 
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In product realisation contexts, sustainability-related decisions are rarely confined to a single 

function. Instead, they require coordination across multiple functions, including operations, 

product development, supply chain management, and sustainability management. The use and 

interpretation of PIs is therefore not consistent across functions, but different groups may 

understand and prioritise the same indicator differently depending on their functional logic, 

local priorities, and professional background. 

Furthermore, boundary objects have been shown to stabilise organisational practices while 

accommodating multiple interpretations across professional domains (Fernández Chulián et al., 

2025; Laine et al., 2016). Building on this, more recent research has examined how boundary 

objects contribute to knowledge integration (Caccamo et al., 2023) and how artefacts in product 

development contexts support or constrain cross-functional concept development (Zasa & 

Buganza, 2024). However, these studies typically focus on the organisation, or specific 

knowledge-sharing episodes, rather than the everyday use of sustainability, and circularity PIs 

across functions in product realisation processes. The empirical gap is therefore most 

pronounced at the functional level, where indicators are interpreted, negotiated, and acted upon 

in daily coordination. Although boundary objects have been discussed in innovation and 

knowledge integration research (Caccamo et al., 2023) and sustainability PIs systems have been 

analysed at a systematic level (Cunha et al., 2023) less attention has been directed towards how 

sustainability and circularity PIs are enacted within cross-functional product realisation 

practices.  

The problem addressed in this thesis is therefore the limited empirical understanding of how 

sustainability and circularity PIs are used in cross-functional product realisation contexts in 

manufacturing organisations and how they influence coordination and shared understanding at 

the functional level. 

1.4 Purpose and Research Questions 

The problem description emphasises the need for a deeper understanding of how sustainability 

and circularity PIs are used in cross-functional practices in manufacturing organisations. It also 

highlights the importance of examining how these indicators are interpreted, understood and 

used across functional domains. Furthermore, it is relevant to understand how they may 

facilitate coordination, and knowledge integration. Therefore, the purpose of this study is: 

 

To investigate how sustainability and circularity performance indicators are used within 

industrial product realisation in manufacturing organisation and how they support cross-

functional collaboration practices. Furthermore, the study aims to analyse how such 

indicators may function as boundary objects to facilitate collaboration and knowledge 

integration across functional domains. 
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To address the purpose of this thesis, three research questions (RQs) have been formulated. 

Identifying the types of sustainability and circularity PIs currently used in manufacturing 

organisations is an important first step. This provides a basis for analysing their role in cross-

functional practices. Therefore, the first research question focuses on identifying the indicators 

in use. 

RQ1: What types of sustainability and circularity performance indicators are used in 

manufacturing organisations? 

Sustainability and circularity initiatives often involve multiple functional domains, where 

indicators may be used differently depending on the context. In practice, these indicators may 

be used in activities such as product development decisions, material selection, supplier 

discussions, or internal meetings between functions such as R&D, purchasing, and 

sustainability teams. To understand how these indicators contribute to cross-functional 

collaboration, the second research question examines what practices these indicators support. 

RQ2: What cross-functional collaboration practices do sustainability and circularity 

performance indicators support? 

Building on the insights from the first two research questions, the third research question aims 

to analyse how sustainability, and circularity PIs may function as boundary objects. From this 

perspective, the indicators are examined in relation to their ability to facilitate coordination and 

knowledge integration across functional and organisational boundaries. 

RQ3: How can sustainability and circularity performance indicators be expressed as 

boundary objects to support cross-functional collaborative practices? 

1.5 Scope and Delimitations 

The study is delimited to a single-case study of one large manufacturing organisation. It focuses 

on sustainability and circularity PIs within product realisation processes in manufacturing 

organisations. The empirical investigation examines how such indicators are interpreted, 

understood and used in cross-functional practices and how they influence coordination and 

shared understanding across functional domains. However, it does not assess the technical 

design, precision, or quantitative performance outcomes of the indicators in detail. Instead, the 

focus lies on how the indicators are interpreted, understood, and used in the organisation. 

Furthermore, the study is limited to internal organisational processes.  

While the Triple Bottom Line (TBL) framework is used as a theoretical lens to contextualise 

sustainability and circularity PIs. The empirical findings reflect organisations current state of 

indicator development, which is predominantly oriented towards environmental sustainability. 

The comparatively limited development of social and economic sustainability indicators in the 

studied organisation is itself treated as an empirical finding rather than a scope limitation. 
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1.6 Disposition 

 

Chapter 1 

Introduction  

Introduces background to the research 

problem, followed by research gap and 

problem description. It further presents the 

purpose, research questions, and the scope and 

delimitations of the study.  

 

Chapter 2 

Theoretical Framework 

Defines key concepts related to sustainability 

and circularity performance indicators and 

cross-functional collaboration. It further 

outlines the theoretical perspectives guiding 

the analysis and interpretation of the empirical 

findings. 

 

Chapter 3 

Methodology  

Describes the qualitative research design and 

the application of a case study as the guiding 

methodological approach. It further presents 

the research process, data collection, analysis 

procedures, and considerations regarding data 

quality and ethics 

 

Chapter 4 

Results  

Presents the empirical findings of the study. 

The results are structured in relation to the 

research questions and the identified themes. 

 

Chapter 5 

Analysis  

Analyses the empirical findings based on the 

theoretical framework. The chapter interprets 

the results through the lens of boundary object 

theory and cross-functional collaboration. 

 

Chapter 6 

Discussion 

Reflects on the main findings of the study in 

relation to the research purpose and research 

questions. The chapter discusses theoretical, 

practical implications and methodological 

limitations. 

 

Chapter 7 

Concluding Remarks 

 

This chapter presents the conclusions of the 

study and identifies directions for future 

research. 
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2 Theoretical framework 

This chapter establishes the theoretical framework for the study by introducing and defining 

key concepts related to sustainability and circularity PIs and cross-functional collaboration in 

manufacturing organisations. The chapter outlines the theoretical perspectives that guide the 

analysis and interpretation of the empirical findings.  

2.1 Connection Between Theoretical Framework and Research Questions 

To provide an overview of how the theoretical concepts presented in this chapter relate to the 

research questions, Figure 1 presents a conceptual illustration of their connections. The figure 

highlights how sustainability and circularity PIs constitute the empirical focus of the study, how 

they are embedded in cross-functional practices, and how they may function as boundary 

objects to support coordination, knowledge integration, and shared understanding across 

function domains. The model illustrates how these theoretical perspectives collectively 

structure the analytical approach of the study.  

 

Figure 1. Visualisation of the Connection Between Theories and RQs. 
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2.2 Sustainability and Circularity Performance Indicators 

Manufacturing organisations rely on PIs to monitor and assess their operations (Bourne et al., 

2018). As noted in the introduction, the terminology used in performance measurement research 

is inconsistent, with terms such as indicator, metric, index, and performance measure used 

interchangeably (Elia et al., 2024; Neely et al., 2005). This study consistently uses the term 

performance indicator abbreviated as PI, as the working concept throughout. Where sources 

use alternative terms such as performance measure or performance measurement system, these 

are retained only when referring directly to the source's own terminology. In all other instances, 

the term PIs is used, in line with the definition proposed by Elia et al. (2024).  

This terminological choice is not merely stylistic: it reflects the composite and system-oriented 

nature of the indicators examined empirically in this study, which combine multiple metrics to 

capture specific aspects of sustainability, and circularity performance. This conceptual 

ambiguity is itself relevant to understanding cross-functional collaboration, as different 

functions may operate with different understandings of what constitutes an indicator, a metric, 

or a target. 

As sustainability and circularity have gained increasing attention in manufacturing, PIs have 

been extended to address environmental, and resource related aspects of production (Searcy, 

2012). Sustainability and circularity PIs are used to translate complex phenomena such as 

environmental impacts, resource use, and materials flows into measurable representations that 

can be integrated into existing performance measurement systems (Hristov et al., 2022; Searcy, 

2012). Through this process, issues that are otherwise difficult to observe, or compare become 

visible within organisational decision-making structures (Laine et al., 2016). 

In manufacturing settings, sustainability and circularity PIs are commonly used to quantify 

environmental impacts such as emissions, energy consumption, water use, and waste generation 

associated with production processes (Hristov et al., 2022). At the same time, these indicators 

are used to capture how resources and materials move through manufacturing systems, thereby 

enabling organisations to assess both environmental performance, and patterns of resource use 

(Searcy, 2012). By providing quantified representations of these aspects, sustainability, and 

circularity PIs support the monitoring of performance across processes, organisational units, 

and time periods (Laine et al., 2016; Zarzycka & Krasodomska, 2021).  

Previous research emphasises that sustainability and circularity PIs used at multiple 

organisational levels within manufacturing organisations (Laine et al., 2016; Neely et al., 2005). 

At the operational level, indicators are used to monitor specific production processes for 

example by tracking energy use, material losses or emission at individual production stages 

(Hristov et al., 2022). At more aggregated levels, indicators are used to evaluate overall 

sustainability, and circularity performance across departments, plants, or product portfolios for 

managerial and strategic purposes (Searcy, 2012). This multi-level use highlights how 

sustainability and circularity PIs function as linking mechanisms between day-to-day 

manufacturing activities and broader organisational sustainability objectives (Bourne et al., 

2018). 
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The literature further highlights that sustainability, and circularity PIs are not uniform but differ 

in terms of what they measure, how they are designed, and how they are implemented within 

organisations (Hristov et al., 2022; Palea et al., 2025). These differences influence which 

aspects of sustainability and circularity become visible, prioritised, and acted upon within 

manufacturing organisations (Zarzycka & Krasodomska, 2021). As a result, the selection, and 

design of sustainability and circularity PIs shape organisational attention and decision making 

related to environmental and resource related issues (Palea et al., 2025). 

Previous research cautions against viewing sustainability and circularity PIs as neutral or 

objective representations of manufacturing performance (Palea et al., 2025). Instead, indicators 

actively shape how sustainability, and circularity issues are interpreted by organisational actors 

by highlighting certain dimensions of performance while downplaying others (Cunha et al., 

2023; Zarzycka & Krasodomska, 2021). In this sense, sustainability, and circularity PIs not 

only reflect organisational reality but also influence how sustainability and circularity are 

understood and addressed within manufacturing organisations (Searcy, 2012). 

2.2.1 Triple bottom line 

The TBL framework for sustainable development has significantly influenced how 

organisations assess and evaluate performance (Nica et al., 2025). By integrating economic, 

social, and environmental goals alongside traditional financial outcomes, TBL provides a 

broader perspective on the long-term impacts of business activities (Nica et al., 2025). These 

three dimensions, commonly referred to as profit, planet, and people, represent economic value 

creation, environmental responsibility, and social well-being respectively. Together, they offer 

a holistic view of organisational performance, highlighting the need to balance multiple 

objectives simultaneously. However, while the conceptualisation of these dimensions is well 

established, their practical implementation remains challenging (Farooq et al., 2021). 

Furthermore, by emphasising organisational responsibility towards stakeholders, the 

environment, and society at large, the TBL framework introduces an ethical dimension to 

corporate strategy (Nica et al., 2025). It has therefore become an important reference point for 

assessing sustainability and social responsibility across various contexts. Despite its widespread 

adoption, challenges remain in its practical application, particularly in relation to how its 

impacts are measured, and evaluated (Nica et al., 2025).   

To operationalise the TBL framework, organisations rely on PIs, and measurement systems 

designed to capture outcomes across the three dimensions. This often involves the integration 

of both financial and non-financial indicators, linked to different strategic objectives, and 

stakeholder perspectives. For example, frameworks such as the Sustainability Balanced 

Scorecard (SBSC) have been used to structure and align sustainability-related PIs across 

organisational goals (Mio et al., 2022). Furthermore, sustainability PIs are frequently 

developed, and adapted within specific organisational contexts, reflecting diverse priorities and 

evolving information needs (Mio et al., 2022).  
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2.2.2 Conceptualisation and different types of Performance Indicators 

Sustainability and circularity PIs cover a wide range of indicators that capture different 

dimensions of manufacturing performance, often reflecting economic, environmental, and 

social aspects associated with the triple bottom line (Hristov et al., 2022; Searcy, 2012). 

Research highlights that these indicators differ in terms of what aspects they make visible, 

reflecting the inherent complexity of environmental impacts, and resource flows in industrial 

contexts (Laine et al., 2016; Zarzycka & Krasodomska, 2021). However, the landscape of CE 

assessment remains highly fragmented, and lacks standardisation (Elia et al., 2024). In 

particular, there is a significant inconsistently in nomenclature where terms such as metrics, 

indicators, and indices are often used interchangeably, creating uncertainty for organisations 

(Elia et al., 2024). 

A fundamental distinction in established research concerns sustainability PIs that specifically 

quantify the environmental impacts directly associated with manufacturing operations, such as 

emissions, energy consumptions, and waste generation (Hristov et al., 2022; Searcy, 2012). 

These indicators represent the environmental footprint of production processes, making 

complex ecological consequences visible within organisational decision-making structures 

(Laine et al., 2016). Alongside these impact-oriented measures, the literature emphasises 

resource efficiency indicators, which focus on the relationship between resource inputs, and 

production outputs (Hristov et al., 2022; Neely et al., 2005). From this perspective, 

sustainability performance is understood as the ability to reduce resource use relative to total 

productivity (Laine et al., 2016). 

More recent research distinguishes circularity PIs from those focused primarily on general 

environmental impacts of efficiency (Scarlat & Bărar, 2024; Zhai et al., 2022). Circularity PIs 

emphasise the organisation and continuity of material flows and are used to assess practices 

such as reuse, recycling, and recovery (Frederico et al., 2021; Mastos et al., 2020). While 

current indicators primarily focus on material preservation, strategies related to product design 

and life-extension remain significantly underrepresented in available assessment frameworks 

(Elia et al., 2024). 

In terms of operational utility, a critical distinction is made between lagging, and leading 

indicators. Lagging indicators assess the impacts of realised actions, while leading indicators 

provide ex-ante information to support decision-making during the planning phase (Elia et al., 

2024). Literature suggests a current lack of leading assessment approaches, which limits the 

ability of organisation to proactively evaluate the potential sustainability outcomes of planned 

circular initiatives (Elia et al., 2024). In addition to differences in what is measured, the 

literature also differentiates sustainability, and circularity PIs according to the level at which 

performance is assessed within manufacturing organisations (Bourne et al., 2018; Laine et al., 

2016). Some indicators used at the level of individual manufacturing processes or production 

stages, capturing sustainability and circularity related aspects such as energy use, emissions or 

material losses in day-to-day operations (Hristov et al., 2022). Beyond process specific tracking, 

certain indicators operate at an aggregated level to consolidate performance data from diverse 
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organisational units. This synthesis supports managers in evaluating overall circularity goals 

and facilitates standardised reporting across the product line (Palea et al., 2025; Searcy, 2012; 

Zarzycka & Krasodomska, 2021).  

2.2.3 Characteristics and Limitations Performance Indicators 

While sustainability and circularity PIs enable manufacturing organisations to represent 

environmental and resource related performance in a structured manner, the literature also 

identifies several characteristic features, and limitations associated with their use (Palea et al., 

2025; Searcy, 2012). A key characteristic of such indicators is their ability to simplify complex 

sustainability and circularity challenges into quantifiable measure that can be monitored and 

compared within organisational settings (Palea et al., 2025). This simplification makes 

sustainability and circularity performance visible and manageable, but it also entails a reduction 

of complexity that may obscure important contextual factors  (Hristov et al., 2022; Zarzycka & 

Krasodomska, 2021). 

Sustainability and circularity PIs are often developed using standardised frameworks and in 

some cases, aggregated into composite measures (Searcy, 2012). While such standardisation 

supports consistency in performance measurement, it may also limit the ability of indicators to 

capture context specific sustainability and circularity challenges within manufacturing 

processes (Cunha et al., 2023; Palea et al., 2025). The literature further emphasises that 

sustainability and circularity PIs are inherently selective in what they measure, as certain 

aspects of performance are prioritised while others remain unmeasured, or invisible (Hristov et 

al., 2022; Zarzycka & Krasodomska, 2021). This selectivity is evident in how current circularity 

indicators primarily focus on material preservation and recovery strategies, while strategies 

related to product design, and life extension remain underrepresented (Elia et al., 2024). 

Consequently, while indicators make certain resource flows visible, they may simultaneously 

leave critical value maintenance, and social sustainability aspects unmeasured (Elia et al., 

2024). This implies that indicators do not provide neutral or comprehensive representations of 

sustainability and circularity performance, but instead reflect assumptions, priorities, and 

measurement choices embedded in their design (Palea et al., 2025; Searcy, 2012). 

Another important limitation relates to how sustainability and circularity PIs are interpreted 

within organisations. Prior research shows that the meaning attributed to indicators may vary 

depending on organisation roles, responsibilities, and performance expectations (Cunha et al., 

2023; Zarzycka & Krasodomska, 2021). Such differences in interpretation can create ambiguity 

regarding what indicators signal about sustainability and circularity performance, particularly 

when indicators are aggregated, or detached from their original production context (Hristov et 

al., 2022; Laine et al., 2016). Furthermore, the use of sustainability, and circularity PIs as 

management tools may shape organisational priorities by encouraging a focus on measurable 

outcomes, potentially at the expense of broader sustainability and circularity objectives (Neely 

et al., 2005; Palea et al., 2025). Previous research suggests that while sustainability and 

circularity PIs play an important role in monitoring and evaluation, they may be insufficient on 
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their own to fully capture the complexity of sustainability and circularity challenges in 

manufacturing organisations (Cunha et al., 2023; Searcy, 2012). 

2.2.4 Practices Supported by Performance Indicators 

While sustainability and circularity PIs provide quantified representations of manufacturing 

performance, their organisational relevance emerges through the practices in which they are 

used (Bourne et al., 2018; Cunha et al., 2023). A practice-oriented perspective emphasises that 

indicators do not create effects on their own, but become consequential through how 

organisational actors engage with indicator information in their everyday work (Laine et al., 

2016). In organisational research, practices are commonly understood as routinised and socially 

organised ways of performing work that involve the repeated use of tools, rules and shared 

understanding (Bourne et al., 2018). (Bourne et al., 2018). Applying this perspective to 

sustainability and circularity PIs shifts attention away from the technical design of indicators 

towards how indicators are enacted, interpreted and mobilised in organisational settings (Cunha 

et al., 2023). From this standpoint, sustainability and circularity PIs can be seen as influencing 

how performance is interpreted and used within organisations (Laine et al., 2016; Searcy, 2012). 

2.3 Knowledge Integration 

Knowledge integration refers to the process through which organizations combine and 

coordinate specialized knowledge from different actors. This knowledge is often distributed 

across functions, roles, and professional domains. Rather than focusing on the creation of new 

knowledge, knowledge integration concerns how existing knowledge is brought together, and 

used in practice. It is therefore central to collective action and organizational decision-making 

(Dussart et al., 2021). 

In cross-functional contexts, knowledge integration becomes both essential and challenging. 

Team members contribute different forms of expertise, often grounded in their functional 

backgrounds, professional languages, and problem-solving approaches. While such diversity 

can enhance decision quality and innovation, it also creates knowledge boundaries that 

complicate coordination, and mutual understanding (Dussart et al., 2021). Studies of cross-

functional teams show that difficulties in collaboration often stem not from a lack of 

information, but from differences in how knowledge is interpreted, valued and used across 

functions (Dussart et al., 2021). As highlighted by Wlazlak and Säfsten (2025), differences in 

expertise, language, and objectives can lead to misalignment and coordination challenges if not 

actively managed. 

According to Stepanova et al. (2020) knowledge integration is not a purely technical process, 

but a social, and cognitive one. Effective integration depends on interaction and dialogue. It 

also requires the development of shared frames of reference that allow actors to relate their 

specialized knowledge to a broader organizational context. Without such shared frames, teams 

risk coordination failures, misunderstandings, and conflicts even when relevant knowledge is 

available. This is particularly evident in complex settings where multiple stakeholders must 



Chapter 2 - Theoretical Framework 

13 
 

align their understanding to address interdependent tasks. Luna-Reyes et al., (2021) emphasize 

that artefacts, routines, and shared representations can play an important role in supporting 

knowledge integration across functional boundaries. PIs, reports, or other shared information 

artefacts can act as boundary objects that facilitate communication between groups with 

different expertise. For this to occur, they need to be interpretable, and meaningful to all 

involved actors. However, when such artefacts are interpreted differently across functions, they 

may instead reinforce existing knowledge boundaries, and hinder integration (Luna-Reyes et 

al., 2021). 

Overall, knowledge integration can be understood as a precondition for coordinated action in 

cross-functional organisations. While it relies on the presence of specialised knowledge, it also 

requires mechanisms that support shared interpretation, and mutual understanding. This 

highlights the close relationship between knowledge integration and shared understanding. 

Effective integration is therefore not only about combining knowledge, but also about aligning 

how that knowledge is understood, and used across organizational boundaries. The following 

section therefore focuses on the concept of boundary objects and its role in enabling cross-

functional collaboration. 

2.3.1 Boundary Objects 

The concept of boundary objects (BO) was originally introduced by Star and Griesemer (1989) 

to explain how collaboration can be achieved between actors from different social worlds who 

hold distinct goals, knowledge bases and interpretive frameworks. BOs are described as 

artefacts, concepts, or representations that are sufficiently flexible to be interpreted differently 

across contexts, while simultaneously maintaining a shared identity that enables coordination 

across boundaries (Star & Griesemer, 1989). A key feature of BOs is that they support 

collaboration without requiring full consensus among the actors involved (Star, 2010). Star 

(2010) further emphasises that BO should be understood as embedded in broader arrangements 

of work that combine material, symbolic, and organisational dimensions. From this perspective, 

BOs are not fully specified across contexts, allowing different groups to adapt them to local 

needs while still using them as points of coordination (Star, 2010). 

Carlile (2002, 2004) extends the concept of BOs by linking them to knowledge boundaries in 

cross-functional collaboration. Carlile (2002) distinguishes between syntactic, semantic, and 

pragmatic knowledge boundaries, representing increasing levels of complexity in cross-

functional work. Syntactic boundaries concern the absence of a shared lexicon. Semantic 

boundaries relate to differences in interpretation and meaning. Pragmatic boundaries involve 

conflicting interests and the consequences associated with knowledge use (Carlile, 2002, 2004). 

Carlile (2004) further argues that knowledge must be transferred, translated, and transformed 

across these boundaries in order to support effective collaboration. 

Akkerman and Bakker (2011) conceptualise BOs as central mechanisms in processes of 

boundary crossing between communities of practice. They argue that interaction around BOs 

can support learning processes by enabling actors to reflect on differences in perspectives and 
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practices, thereby contributing to knowledge integration across boundaries (Akkerman & 

Bakker, 2011). Prior research highlights that BOs support coordination across differences in 

knowledge and perspectives (Carlile, 2002; Star & Griesemer, 1989). Studies on boundary 

crossing further emphasise that interaction around BOs can contribute to learning and 

knowledge integration between communities of practice (Akkerman & Bakker, 2011).  

2.3.2 Cross-functional Collaboration 

Cross-functional collaboration involves work arrangements in which individuals from different 

functional backgrounds collaborate to address complex organisational tasks. In manufacturing 

organisations, such collaboration is commonly used in areas such as product development, 

process improvement, and sustainability initiatives, where expertise from engineering, 

production, quality, and management must be combined. Cross-functional teams are often 

established to leverage diverse knowledge and perspectives in order to improve problem-

solving and decision-making outcomes (Majchrzak et al., 2012). 

Despite their potential benefits, cross-functional teams face significant challenges related to 

knowledge integration. Knowledge specialisation leads team members to develop distinct 

“thought worlds”, shaped by their professional training, experience, and local practices. These 

differences influence how problems are defined, which aspects are prioritised, and what 

constitutes a viable solution. As a result, collaboration difficulties often arise from differences 

in interpretation, and understanding across functional boundaries (Majchrzak et al., 2012).  

Huang and Newell (2003) emphasise that such challenges become particularly pronounced in 

cross-functional project settings characterised by high task complexity and uncertainty. They 

show that teams with limited shared experience and weak priorities are especially vulnerable to 

misunderstandings and coordination problems. In these situations, collaboration is hindered by 

the absence of common reference points that allow team members to relate their specialised 

contributions to a collective task. 

Majchrzak et al. (2012) further note that attempts to explicitly surface and reconcile deep 

knowledge differences may be time-consuming and can increase interpersonal conflict. Rather 

than striving for full alignment of perspectives, cross-functional teams often rely on shared 

practices and coordination mechanisms that enable members to work together despite persistent 

differences in expertise. Similarly, Huang and Newell (2003) highlight the importance of 

organisational conditions, such as established routines, and interaction practices, that support 

coordination across functional boundaries without requiring uniform understanding. Taken 

together, these studies suggest that cross-functional collaboration involves more than 

assembling individuals from different functions. It requires structures and mechanisms that 

support coordination and workable alignment across knowledge boundaries. Ferreira et al.  

(2019) argue that such alignment is often achieved through shared reference points that enable 

collaboration while allowing specialised knowledge to remain differentiated. This perspective 

provides an important link to the subsequent discussion on how shared understanding supports 

cross-functional collaboration in practice. 
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2.3.3 Shared understanding 

Shared understanding refers to the extent to which actors develop sufficiently aligned 

interpretations of goals, tasks and roles to enable coordinated action. Importantly, shared 

understanding does not imply complete agreement, or identical knowledge. Rather, it concerns 

compatible interpretations that allow actors to work together effectively in interdependent 

settings (Mathieu et al., 2005). In complex organisational contexts, shared understanding thus 

complements knowledge integration and supports cross-functional collaboration. 

From a process perspective, shared understanding is not a static cognitive state but is 

continuously produced through interaction. Weick and Roberts (1993) describe this dynamic 

through the concept of a collective mind, emphasizing how coordination emerges as actors 

attend to each other’s actions and adjust their behaviour accordingly. Similarly, Schildt et al. 

(2020) highlights how shared understanding emerges through sensemaking processes around 

common artefacts, while differences in interpretation may persist. Shared understanding is 

therefore enacted in practice rather than residing solely in formal representations or agreements. 

At the team level, shared understanding has frequently been examined through the concept of 

shared mental models. When team members develop overlapping mental models regarding 

tasks and roles, they are better able to anticipate each other’s actions and coordinate their 

contributions (Mathieu et al., 2005). Sanderson et al. (2022) further show that shared 

understanding is strengthened through common learning experiences that help develop a shared 

language and clearer awareness of roles and interdependencies. Such alignment improves 

coordination without requiring uniform expertise, which is particularly important in cross-

functional teams characterised by knowledge diversity. 

However, developing shared understanding across functional boundaries is inherently 

challenging. Differences in language, meanings and interests create semantic and pragmatic 

knowledge boundaries, reflecting variations in how concepts are understood and what actors 

prioritise, that hinder mutual understanding (Carlile, 2004). Stepanova et al. (2020) argues that 

shared understanding does not emerge from collaboration alone but requires deliberate 

integration of different types of knowledge in practice. Similarly, Scarlat and Bărar (2024) 

emphasize the importance of developing a common team vocabulary to reduce 

misunderstandings and align interpretations in heterogeneous and cross-hierarchical settings. 

These findings suggest that shared understanding must be actively constructed through 

structured interaction and translation processes. Interests create semantic and pragmatic 

knowledge boundaries, reflecting variation in how concepts are understood and what actors 

prioritise that hinder mutual understanding. 

Artefacts can play a central role in supporting the development of shared understanding in 

cross-functional contexts. Shared artefacts make individual interpretations visible and provide 

reference points that support alignment without requiring full consensus. Luna-Reyes et al. 

(2021) show that performance information artefacts can function as boundary objects that 

support dialogue and knowledge sharing between groups with different expertise. When such 
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artefacts are interpretable and meaningful to multiple actors, they support shared interpretation 

while allowing for local flexibility. Conversely, divergent interpretations may reinforce existing 

boundaries rather than bridge them. 

Taken together, this literature highlights that shared understanding is a dynamic, and collective 

achievement linking knowledge integration and cross-functional collaboration. It does not 

eliminate differences in expertise, nor does it require consensus on all aspects of a task. Instead, 

it provides a workable alignment that enables coordinated action in the presence of specialised 

and distributed knowledge. This perspective provides a foundation for analysing how 

sustainability and circularity PIs may support or constrain shared understanding in cross-

functional product realisation processes. 
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3 Methodology 

This chapter presents the methodological approach adopted for the study. It outlines the 

research design and process, as well as the methods used for data collection and analysis. 

Additionally, the chapter explains how the chosen methodological approach supports the 

investigation of the research questions and ensures a structured and transparent research 

process.  

3.1 Connection Between Methodology and Research Questions 

To ensure coherence between the purpose of the study and the methodological approach, the 

research design and methods were selected in alignment with the research questions. 

Establishing such alignment supports a structured and transparent research process and ensure 

that the selected methods provide relevant empirical material for addressing the research 

questions (Säfsten et al., 2024). The purpose of this study is to examine how sustainability, and 

circularity PIs are used within product realisation processes and how they influence cross-

functional collaboration. Addressing these questions requires an in-depth understanding of how 

these indicators are interpreted, understood, and used in practice and how they shape 

interactions between different functions.  

This study is based on a qualitative data collection approach, where empirical data were 

collected through semi-structure interviews, and document studies. The collection of qualitative 

data enables the exploration of how actors interpret and apply concepts and tools in their 

everyday work (Säfsten et al., 2024). In this study, this specifically relates to how sustainability, 

and circularity PIs are used and interpreted within cross-functional product realisation 

processes. Figure 2 illustrates the connection between the research questions and the selected 

data collection methods.  
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3.2 Research Design 

A clear research design contributes to a structured and systematic research process by ensuring 

coherence between the research questions, the overall purpose and the chosen methodological 

approach (Säfsten et al., 2024). A well-defined research design clarifies how the study is 

positioned methodologically and how the chosen approach supports systematic knowledge 

development. 

Given the exploratory character of the research questions, a case study design was considered 

appropriate. Case study research is suitable for investigating a contemporary phenomenon, 

within its real-life context, particularly when the boundaries between the phenomenon and its 

context are not clearly defined (Yin, 2018). In this study, the phenomenon under investigation 

is the use, and role of sustainability and circularity PIs within product realisation processes.  

The study follows a single-case embedded design (type 2) according to Yin (2018), as 

illustrated in Figure 3. The case consists of one large global manufacturing organisation 

operating in a technology intensive context. Within the case, several organisational functions 

were included as embedded units, including R&D, purchasing, supply chain management, 

sustainability, and product management. 

Figure 2. Connection between research questions and data collection methods 
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The unit of analysis is the use of sustainability and circularity PIs within cross-functional 

product realisation processes. Although empirical data were collected from individual 

respondents, the analysis was conducted at the organisational level, focusing on patterns, and 

interactions across organisational functions rather than on individual experiences. In line with 

Yin (2018), the case was selected as a common case, representing a typical organisational 

setting  in which the studied phenomenon occurs under ordinary organisational conditions.  

Figure 3. Basic types of designs for case studies. Adapted from Yin (2018). 

 

 

 

 

 

 

 

 

 



Chapter 3 - Methodology 

20 
 

3.3 Research Process 

The research process was conducted over approximately twenty weeks by two master students 

working full-time on the project. Rather than following a strictly linear sequence, the study 

progressed iteratively between theoretical exploration, empirical investigation, and analysis. 

The study initially focused on literature review, which contributed to the conceptual framing of 

sustainability, and circularity PIs, cross-functional collaboration and boundary objects. This 

phase also supported the development of the interview guide. As empirical data were collected 

through semi-structured interviews and document studies, the analysis developed in parallel. 

This iterative process allowed emerging patterns to be identified and continuously related to the 

theoretical framework, contributing to a more refined understanding of how sustainability, and 

circularity PIs are used within product realisation processes.  

3.4 Industrial Setting 

The industrial setting of this study was a global manufacturing organisation operating in a 

technology-intensive environment, characterised by advanced engineering practices, and 

structured development processes. The organisation operates across multiple regions and 

markets, with activities coordinated through an interconnected organisational structure. It was 

selected for this study due to its established product realisation processes and the opportunity 

to access a complex organisational setting involving multiple interacting functions.  

The organisation consists of several organisational functions that contribute to or support 

product realisation processes. In this study, organisational functions refer to specialised areas 

of responsibility such as R&D, purchasing, supply chain management, sustainability, and 

product management. While these functions have distinct responsibilities and priorities, they 

are linked through shared processes, governance structures, and organisational objectives. This 

creates a context in which coordination across functional boundaries becomes essential.  

Product realisation processes within the organisation are characterised by a high degree of 

complexity, involving iterative development activities, multiple decision points, and 

contributions from various areas of expertise. These processes span different organisational 

levels, where strategic direction, and operational execution are continuously aligned.  

Access to internal stakeholders and organisational material enabled the study to capture 

perspectives from different parts of the organisation. Data were collected through interviews 

and document studies across multiple functions, providing insights into how activities are 

structured and coordinated within the studied context. This context enables an in-depth 

examination of organisational practices within a real-life setting.  
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3.5 Data Collection 

Data were collected through both primary and secondary sources. Combining multiple sources 

of evidence enables a more comprehensive understanding of the studied phenomenon and 

strengthens the credibility of the findings (Yin, 2018). 

3.5.1 Semi-structured interviews 

Semi-structured interviews were used as the primary method for collecting empirical data. This 

approach enables respondents to describe their experiences and perspectives in their own words, 

which is particularly relevant when studying how sustainability, and circularity PIs are 

interpreted, understood and used in practice (Flick, 2020). 

The interviewees were selected through purposive sampling, meaning that respondents were 

chosen based on their relevance to the research topic (Rowley, 2012). Specifically, respondents 

were selected because they were involved in product realisation processes and had experience 

of working with sustainability and circularity PIs. This ensured that the study captured relevant 

knowledge and practical insights. To capture variation in perspectives, respondents from 

different organisational functions were included, such as R&D, purchasing, supply chain, 

sustainability, and product management. In addition, respondents were located in different 

countries within the same organisation, enabling the study to include both local, and global 

perspectives. This made it possible to compare how sustainability and circularity PIs were 

interpreted, understood, and used across different functions and geographical contexts. 

In total, 15 interviews were conducted with respondents representing different roles within the 

organisation. The interviews lasted between approximately 30 and 60 minutes. All interviews 

were conducted individually, with one respondent at a time, in line with recommendation for 

qualitative interview studies (Säfsten et al., 2024). 

The interviews were conducted in both English and Swedish, depending on the respondents’ 

preferences and were carried out digitally via Microsoft Teams. Conducting the interviews in 

the respondents preferred language enabled them to express themselves more freely. This is 

important as qualitative data relies on respondents’ ability to articulate their experiences (Miles 

et al., 2014). Both researchers participated in each interview, which enabled a shared 

responsibility for guiding the conversation, and allowed for immediate follow-up questions 

when clarification was needed. This also contributed to a more consistent data collection 

process, as both researchers developed a shared understanding of the empirical material 

throughout the interviews, thereby supporting the reliability of the data collection. An interview 

guide was used to ensure that key themes were consistently addressed across all interviews, 

while still allowing flexibility in how the conversation developed (Clark et al., 2021; Rowley, 

2012). The guide was developed iteratively based on the purpose of the study, the research 

questions, and the theoretical framework. The interview guide is included in Appendix A and 

Appendix B, presenting the English and Swedish versions respectively.  
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The guides contain the same underlying structure and thematic focus but were linguistically 

adapted to ensure clarity and consistency across both languages. Each guide consists of open-

ended questions organised into thematic sections addressing how sustainability and circularity 

PIs are defined and operationalised in practice, how they are used in decision-making and 

product development activities and how they influence collaboration and communication 

between functions. The questions were designed to encourage respondents to describe concrete 

situations, examples, and workflows where PIs were used. In addition, the guides include 

introductory questions to establish the respondent’s role and context, as well as concluding 

questions that allow for reflections on challenges, limitations, and potential improvements 

related to sustainability and circularity PIs.  

Prior to the main data collection, a pilot interview was conducted to test, and refine the interview 

guide. Based on this pilot interview, minor adjustments were made to the wording and 

sequencing of questions to improve clarity, structure and alignment between the interview 

questions and the purpose of the study. 

All interviews were audio recorded with the participants consent. An initial transcription was 

generated using Microsoft Teams automatic transcription function. The transcripts were 

subsequently reviewed and manually refined by the researchers to ensure accuracy and 

completeness. This included correcting misinterpretations, clarifying unclear segments and 

ensuring that the meaning of the respondents’ responses was preserved. This two-step 

transcription process also contributed to a deeper familiarisation with the empirical material 

and served as an important preparation for the subsequent data analysis. After transcription and 

initial summarisation, all respondents were given the opportunity to review and clarify the 

interpretation of their interview content. This respondent validation process supported 

alignment and accuracy by enabling respondents to verify that their statements had been 

represented accurately in the empirical material.  

The respondents represented organisational functions that were relevant to the study because 

they were either directly involved in product realisation processes or supported decision that 

influence such processes. R&D and product management provided perspectives on product 

development, technical requirements and product related decision-making. Purchasing, 

sourcing, supply chain, planning, logistics, and warehouse related roles provided insights into 

how sustainability and circularity PIs are understood and used in relation to supplier 

collaboration, material flows, delivery requirements, and operational priorities. Sustainability, 

circular targets, and compliance related roles contributed perspectives on 

formal sustainability ambitions, indicators structures, and organisational follow-up. People 

and organisation provided insight from an organisational perspective. Together, these functions 

enabled the study to examine how sustainability, and circularity PIs are 

understood, interpreted, and used across functional boundaries. An overview of the 

respondents’ roles and the duration of each interview is presented in Table 1.  
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Table 1. List of Interview Respondents. 

Respondent Respondent Role Duration  Date (YY/MM/DD) 

Respondent A VP R&D 60 minutes 26/04/06 

Respondent B R&D manager 60 minutes 26/03/23 

Respondent C Purchase Director 60 minutes 26/03/27 

Respondent D Supply Planner 60 minutes 26/03/23 

Respondent E Demand Planner 45 minutes 26/04/01 

Respondent F Global Product Manager 60 minutes 26/04/07 

Respondent G Global Product Manager 30 minutes 26/03/27 

Respondent H Warehouse & Transport Manager 45 minutes 26/04/02 

Respondent I Circular Targets 60 minutes 26/04/09 

Respondent J Director Sustainability 60 minutes 26/04/14 

Respondent K Global Material Science Expert / R&D 

manager 

45 minutes 26/04/07 

Respondent L Senior HR Business Partner / People & 

Organisation 

60 minutes 26/04/13 

Respondent M Project Sourcing Manager 60 minutes 26/04/14 

Respondent N Sustainable Sourcing 60 minutes 26/04/14 

Respondent O SCM Planning & Operations Admin 30 minutes 26/04/21 

 

3.5.2 Document Studies 

Document studies were conducted to complement the interview data by providing additional 

perspectives on sustainability and circularity PIs. The analysed material included publicly 

available organisational documents, such as annual reports, sustainability, and environmental 

policies, quality policies, and codes of conduct, as well as externally reviewed sustainability 

frameworks, and an internally provided questionnaire related to sustainability in product design.  

The different types of documents contribute in distinct ways. Policy documents outline 

organisational commitments and priorities related to sustainability, including environmental 

performance, resource use, and product life-cycle considerations. Governance related 

documents, such as codes of conduct, describe how these principles are expected to guide 

behaviour, and decision-making. Annual reports and external assessments show how 

sustainability related targets and indicators are communicated, structured, and followed up over 

time. 
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The internally provided questionnaire adds an operational perspective. It illustrates how 

sustainability considerations are addressed within product design activities. This makes it 

possible to capture how sustainability and circularity PIs are reflected in product realisation 

contexts.  

The documents were selected based on their relevance to the purpose of the study and were 

critically assessed in term of origin and content (Yin, 2018). As the material is primarily 

produced by the organisation and in some cases externally review, it reflects how sustainability, 

and circularity PIs are intended to guide activities within product realisation processes. An 

overview of the document types and their contribution to the study is presented in Table 2.  

 
Table 2. Documents Reviewed in the Document Studies. 

Document type Contribution to the study Perspective 

Policy documents (environmental, 

sustainability, quality) * 

Outline sustainability priorities, commitments and 

integration in product development 

Strategic 

Code of conduct / governance 

documents* 

Describe how sustainability principles guide 

behaviour and decision-making 

Governance 

Annual report 2025* Show how sustainability targets and indicators are 

communicated and followed up over time 

Reporting 

External framework / assessments* Provide an externally reviewed perspective on 

sustainability work and indicator structures 

External 

Internal questionnaire (product 

design) * 

Illustrates how sustainability is addressed in product 

design activities and decision 

Operational 

Note*: Confidential internal and external documents are described at a general level to protect company-sensitive 

information. These documents are not included in the reference list. 

 

 

 

 

 



Chapter 3 - Methodology 

25 
 

3.5.3 Data triangulation 

To strengthen the empirical basis of the study, data triangulation was used by combining 

multiple data sources (Yin, 2018). In this study, triangulation was achieved by combining 

interview data with organisational documents and internally used sustainability-related 

material. This enabled the study to approach sustainability and circularity PIs from different 

perspectives. The combination of data sources made it possible to identify consistencies and 

differences in how sustainability and circularity PIs are interpreted, understood and used. This 

contributed to a more comprehensive understanding of their role within product realisation 

processes. The use of multiple sources of evidence also strengthens the study, as it allows 

findings to be supported across different types of empirical material (Yin, 2018). 

3.6 Data Analysis 

The collected empirical data were analysed in a structured and systematic manner in order to 

draw conclusions (Säfsten et al., 2024). The analysis aimed to identify patterns in how 

sustainability and circularity PIs are interpreted, understood, and used within cross-functional 

product realisation processes. The empirical material consisted of interview transcripts and 

organisational documents. To account for the different types of data, thematic analysis was used 

to the interview data, while content analysis was used for the document studies. These analytical 

approaches are described in more detail in sections 3.6.1 and 3.6.2. This distinction enabled 

each data source to be analysed using an approach suited to its characteristics, while supporting 

a comprehensive understanding of the studied context. 

Throughout the analysis process, both researchers worked closely together to ensure a shared 

understanding of the empirical material. This included joint discussions during coding, 

interpretation, and the development of themes. Any differences in interpretation were discussed 

and resolved through reflection, contributing to a more consistent, and transparent analysis. The 

analysis followed an iterative process. The empirical material was first analysed inductively to 

identify patterns in the data. These patterns were subsequently interpreted in relation to the 

theoretical framework. This enabled the study to connect empirical observations to concepts 

such as cross-functional collaboration, knowledge integration and boundary objects. 
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3.6.1 Thematic Analysis 

The interview material was analysed using thematic analysis, following the six-phase approach 

outlined by Braun and Clarke (2006), as illustrated in Figure 4. This method was selected due 

to its flexibility and its suitability for identifying and analysing patterns across qualitative data. 

The interviews were conducted in both Swedish and English. To preserve the original meaning 

and context, the analysis was carried out in the language in which the data were collected. For 

reporting purposes, selected quotes were translated into English. Although efforts were made 

to ensure accurate translation, some nuances may have been affected in the process. 

The analysis was primarily data-driven, meaning that themes were developed inductively from 

the empirical material, while still being informed by the study’s theoretical framework. 

Furthermore, the analysis was conducted at a primarily semantic level, focusing on the explicit 

meanings expressed by the respondents.  

 

Comment. Adapted from Braun and Clarke (2006) 

The analysis began with a process of familiarisation, in which the interview transcripts were 

read multiple times to develop an in-depth understanding of the material. During this phase, 

initial notes, and reflections were made regarding recurring topics, differences between 

functional perspectives, and situations where sustainability and circularity PIs appeared to 

influence decision-making and collaboration. Following this, the transcripts were 

systematically coded. Relevant segments of the data, ranging from individual sentences to 

longer passages, were identified, and labelled based on their content. To support the coding 

process, the data were organised in a spreadsheet where extracts with similar meanings were 

grouped together, providing a structured overview of patterns across the dataset. 

The codes were then examined for similarities in meaning and collated into potential themes 

that reflected broader patterns across the data. All relevant data extracts were organised under 

each theme, forming the basis for further analysis. This process was iterative, as the researchers 

continuously moved between the coded extracts, the developing themes, and the full dataset to 

ensure that the themes remained grounded in the empirical material. The themes were 

subsequently reviewed and refined to ensure internal coherence and clear distinction between 

them. During this stage, themes were adjusted, combined, or redefined where necessary to more 

accurately capture the patterns present in the data. 

In the next step, the themes were defined and named by identifying their core meaning and 

scope. In this sense, the themes represent patterns of shared meaning across the dataset, 

capturing how sustainability, and circularity PIs are interpreted, understood, and used in 

practice. Finally, the themes were organised into a coherent structure that formed the basis for 

Familiarising 
yourself with 

the data

Generating 
initial codes

Searching 
for themes

Reviewing 
themes

Defining 
and naming 

themes

Producing 
the report

Figure 4. Process for Thematic Analysis 
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presenting the empirical findings. Representative data extracts were selected to illustrate each 

theme and to ensure that the findings remained closely grounded in the empirical material. 

Throughout the analysis, the researchers took an active role in identifying patterns, and 

constructing themes, rather than treating them as emerging directly from the data. 

3.6.2 Content Analysis 

The document studies were analysed using content analysis, as this approach enables a 

structured examination of textual material, and supports the identification of patterns in how 

information is formally presented (Weber, 1990). Each document was initially reviewed 

individually to identify content relevant to the purpose of the study. The analysis focused on 

how sustainability and circularity PIs are interpreted, understood, and used as well as how they 

are connected to product realisation processes. 

Relevant sections of the documents were extracted and organised based on similarities in 

content. These extracts were then grouped into categories representing recurring aspects across 

the documents. The categories were subsequently reviewed and refined to ensure consistency 

and clarity. This involved comparing content across documents to identify similarities and 

differences in how PIs are presented at an organisational level. The results of the content 

analysis were used to support the interpretation of the empirical findings by providing insight 

into how sustainability and circularity PIs are formally interpreted, understood and used.  

3.7 Trustworthiness 

In qualitative research, trustworthiness is used to evaluate the quality of a study, and its findings 

(Lincoln & Guba, 1985). Lincoln and Guba (1985) identify four criteria, credibility, 

transferability, dependability, and confirmability, which are used to assess the research process, 

and its outcomes. These criteria provide a framework for examining both how the research is 

conducted and how the findings are supported by the data. Table 3 provides an overview of the 

main actions taken in this study to strengthen credibility, transferability, dependability and 

confirmability.  

3.7.1 Credibility 

Credibility concerns the extent to which the findings can be considered a faithful representation 

of the studied phenomenon and the perspectives of the respondents (Lincoln & Guba, 1985). 

To strengthen credibility, it is important that the data collection, and analysis are closely 

connected to the research purpose and grounded in empirical data (Merriam & Tisdell, 2016). 

One way to support credibility is through triangulation, which involves the use of multiple 

sources of data to capture different perspectives (Miles et al., 2014). In this study, credibility 

was addressed by combining data which made it possible to examine sustainability and 

circularity PIs from different perspectives and to compare how they are interpreted, understood, 

and used.  
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In addition, the interview guide was refined prior to data collection to ensure that the questions 

were relevant and aligned with the purpose of the study. Credibility was further strengthened 

through the respondent validation process described in section 3.5.1. As summarised in Table 

3, credibility was strengthened through data triangulation, refinement of the interview guide 

and respondent validation. 

3.7.2 Transferability 

Transferability relates to the extent to which the findings may be applicable in contexts beyond 

the specific setting of the study (Lincoln & Guba, 1985). Rather than aiming for generalisation, 

qualitative research emphasises providing sufficient contextual information to enable others to 

assess whether the findings are transferable to similar settings (Creswell & Creswell, 2023). In 

this study, the organisational context, and research process are described in detail to support 

such assessment. At the same time, certain contextual information has been limited due to 

confidentiality requirements, which may influence the extent to which the findings can be 

transferred to other settings. As shown in Table 3, transferability was supported by providing a 

detailed description of the industrial setting, organisational context and research process. 

3.7.3 Dependability 

Dependability concerns the extent to which the research process is logical, consistent, and 

clearly documented (Lincoln & Guba, 1985). It focuses on whether the different stages of the 

study can be followed and understood by others (Merriam & Tisdell, 2016). One way to support 

dependability is by maintaining transparent documentation of how data has been collected and 

analysed (Merriam & Tisdell, 2016). In this study, dependability was addressed by 

systematically documenting the research process, including data collection, transcription, and 

analysis. This enabled a clear overview of how the study was conducted and how the findings 

were developed. As summarised in Table 3 dependability was strengthened through systematic 

documentation of the data collection, transcription and analysis procedures. 

3.7.4 Confirmability  

Confirmability refers to the extent to which the findings are shaped by the participants and the 

data rather than by researcher bias (Lincoln & Guba, 1985). It focuses on ensuring that the 

interpretations can be traced back to the empirical material and that the research process is 

conducted in a transparent manner (Merriam & Tisdell, 2016). In this study, confirmability was 

addressed by ensuring that the analysis was consistently based on the collected data. 

Interpretations were discussed throughout the research process to reduce the influence of 

individual perspectives and to strengthen the connection between data and findings. In addition, 

the systematic coding of the interview transcripts supported the traceability of the findings, as 

interpretations could be linked back to specific parts of the empirical material. As shown in 

Table 3, confirmability was supported by grounding the analysis in empirical data, 

systematically coding the material and discussing interpretations between the researchers. 
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Table 3. Measures Taken to Strengthen Validity and Reliability 

Criterion Focus Action Taken Impact on Study 

Credibility 

Ensuring accurate 

representation of the 

studied phenomenon 

-Data triangulation through 

interviews and document studies 

- Strengthens the accuracy of 

the findings 

- Pilot interview to refine the 

interview guide 

- Ensures that key topics were 

covered 

- Respondent validation through 

interview summaries 

- Reduces the risk of 

misinterpretation 

Transferability 

Enabling assessment 

of relevance to similar 

contexts 

 - Description of the industrial 

setting and organisational context 

- Helps readers assess 

applicability to similar large 

manufacturing contexts 

- Purposive sampling across 

multiple functions 

- Provides transparency 

regarding the scope of the 

study 

- Clarification of the single-case 

focus on one large manufacturing 

organisation 

  

Dependability 

Ensuring a consistent 

and transparent 

research process 

- Use of semi-structured interview 

guides 

- Supports consistency across 

interviews 

- Audio-recording and transcription 

of interviews 

- Makes the research process 

easier to follow 

- Documentation of data collection 

and analysis procedures 

- Strengthens methodological 

transparency 

Confirmability 

Reducing researcher 

bias and ensuring 

traceability 

 - Manual review of transcripts by 

both researchers 

- Ensures that findings are 

grounded in empirical data 

- Systematic coding of empirical 

material 

- Reduces the influence of 

individual bias 

- Discussion of interpretations 

between researchers 

- Makes interpretations 

traceable to the data 
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3.8 Ethical Considerations 

Ethical considerations were addressed throughout the entire research process. In qualitative 

interview studies, it is essential to ensure both research integrity, and the protection of 

respondents’ rights (Bryman et al., 2022). Ethical aspects in research are often discussed in 

terms of internal and external considerations. Internal ethics relate to how the research is 

conducted, including transparency in data collection, careful transcription of interviews, and a 

systematic and responsible analysis process. External ethical considerations concern the 

protection of participants. This includes voluntary participation, informed consent, and the 

safeguarding of confidentiality. 

Before the interviews took place, all participants received an information, and consent letter 

Appendix C describing the purpose of the study and how the interviews would be conducted. 

The letter also explained how the collected data would be used within the master’s thesis. 

Participants were informed that the interviews would be audio recorded to ensure accurate 

transcription of the conversation. Participation in the study was entirely voluntary. The 

participants were also informed that they could withdraw from the study at any time without 

needing to provide a reason. Informed consent was obtained prior to the interviews, in line with 

established research ethics guidelines (Bryman et al., 2022; Säfsten et al., 2020). 

After the interviews were transcribed and the material was compiled, a summarised version of 

the relevant interview content was shared with the respective participant, as described in 3.5.1. 

This gave participants the opportunity to review how their statements had been interpreted. 

They could confirm the content or clarify potential misunderstandings if necessary. This 

process contributed to strengthening the credibility of the study and helped ensure that the 

participants agreed with how their perspectives were represented. 

All collected data, including audio recordings and transcripts, are stored securely, and are only 

accessible to the researchers involved in the study. The material is used exclusively for 

academic purposes related to this master’s thesis. Throughout the study, care was taken to 

present the participants’ statements in a fair and accurate manner. This was done to reduce the 

risk of misrepresentation and to maintain the credibility of the research process (Flick, 2020). 

Ethical considerations were therefore not treated as a single step in the research process. Instead, 

they were integrated throughout the entire study, from research design, and participant 

recruitment to data analysis and reporting. 
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3.9 Use of Artificial Intelligence 

Artificial intelligence (AI) tools have been used as a supporting resource during the writing 

process of this thesis. AI-based language tools were used primarily for language refinement, 

grammar correction, and improvements in sentence structure. The primary AI tool used was 

ChatGPT (OpenAI), used during the revision of drafted text sections to enhance clarity, and 

readability. As English is not the authors’ first language, ChatGPT was used to identify 

grammatical errors, correct spelling mistakes, and rephrase unclear formulations. Furthermore, 

since the thesis was written by two authors, ChatGPT was used to support a consistent language 

level, and writing style throughout the report, reducing noticeable variation between sections. 

The tool was not used to generate complete sections or arguments. Instead, it functioned as a 

grammar-checking, and language-support tool for text that had already been written and 

structured by the authors. All suggestions were critically reviewed by both authors and only 

those consistent with the intended meaning were accepted. 

In addition, the search service Primo AI available through Jönköping University Library, was 

used to support the literature search process. Primo AI was used to identify potentially relevant 

academic articles by entering keywords related to the thesis topic, such as “performance 

indicators”, “circular economy” and “key performance indicators”. The tool supports the search 

process by broadening searches beyond the exact keywords entered, for example by identifying 

related terms, and synonyms that may match relevant articles in the library’s database. The 

results from Primo AI were used as a starting point for literature identification, while the final 

selection, assessment, and use of sources were conducted by the authors.  

The interviews conducted as part of this study were recorded and transcribed using Microsoft 

Teams. However, the AI-generated transcriptions were not used as primary data without review. 

Both authors manually reviewed the recordings while transcribing the interviews to ensure the 

accuracy and completeness of the empirical material. After the interviews had been transcribed 

and revised, a summary was sent to each interviewee to verify that the content accurately 

reflected what had been discussed during the interview. The responsibility for the transcribed 

content therefore rests entirely with the authors. 

The use of AI was strictly limited to linguistic, editorial, transcription-related and literature-

search support. AI tools were not used to generate empirical data, conduct the analysis, 

formulate the research questions, develop the theoretical framework, or draw the conclusions 

of the study. All literature, references and research content were independently selected, 

assessed, and verified by the authors. The interpretations, thematic coding, and theoretical 

arguments presented throughout the thesis reflect the author’s own reasoning and judgment. 

Potential risks related to the use of AI, such as inaccurate suggestions, unintended changes in 

meaning, or incorrect source recommendations, were actively managed throughout the study. 

All AI-generated suggestions were reviewed by both authors before being included in the text, 

and all references were independently verified against original sources. The responsibility for 

the accuracy and integrity of the final thesis content remains entirely with the authors. 
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4 Results 

This chapter presents the empirical findings of the study, reporting what was observed in the 

interview data, document studies, and their triangulation. Interpretation and theoretical 

explanation of the findings are reserved for chapter 5. The results are structured in relation to 

the three research questions and organised around five themes from the interview analysis, 

three topics from the document studies, and a concluding triangulation and summary section. 

4.1 Connection between results and research questions 

The results are organised to address the three research questions. Theme 1 documents the types 

and maturity of sustainability and circularity PIs identified in the organisation and primarily 

informs RQ1. Theme 2 documents how those indicators are used in cross-functional 

collaboration practices and informs RQ2. Themes 3, 4 and 5 document the conditions, tensions, 

and contextual factors that shape how indicators function in practice, collectively informing 

RQ3.  

The document studies provide a complementary organisational level view of how sustainability 

priorities, targets, and indicator structures are formally articulated. The triangulation section 

integrated both sources and identifies consistencies and divergences between them. Figure 5 

provides an overview of the study purpose, the five interview themes, the document studies, 

and their connections to the three research questions.  

 

Figure 5 Overview of Themes, Document Studies and Their Connection to the research Questions 
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4.2 Semi-structured Interview  

A total of 15 semi-structured interviews were conducted with respondents representing different 

functions involved in product realisation processes, including R&D, purchasing, planning, 

logistics, sustainability, compliance, and people and organisation. It should be noted that the 

functions of sustainability, compliance, and people and organisation support, govern, or shape 

product realisation rather than constituting its core processes. They are included because they 

carry important knowledge about how sustainability criteria and indicators are introduced, 

interpreted, and acted upon across the organisation. The interview data were analysed using 

thematic analysis, resulting in five main themes that describe how sustainability, and circularity 

PIs are interpreted, understood, and used in practice and how they influence cross-functional 

collaboration. Figure 6 provides an overview of the narrative, main themes, and sub-themes 

identified in the interview data.  

 

Figure 6. Narrative, Main Themes, and Sub-Themes of the interviews 
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4.2.1 Theme 1: Types and maturity of sustainability and circularity PIs 

Theme 1 documents the types of sustainability and circularity PIs present in the organisation 

and the variation in how formalised those indicators are across functions and organisational 

levels. It primarily addresses RQ1. The findings show that indicators are more consistently 

present and better developed at the strategic level than at the operational level. Environmental 

indicators are more established than circularity-related ones and that several functions rely on 

operational metrics that carry sustainability implications without being formally designated as 

sustainability KPIs. Figure 7 illustrate the matric of indicator types and maturity levels.  

Note. Shading reflects degree of formalisation: dark grey = well established; medium grey = emerging or partially 

developed; light grey = absent or structurally disconnected from product realisation. Respondent letters 

correspond to Table 1. 

 

 

 

 

Figure 7. Matrix of Sustainability and Circularity PI Types by Maturity Level Across Organisational Functions 
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Strategic-level indicators 

Respondents J and I both described how targets such as Carbo Dioxide (CO2) reduction, circular 

business share, electrification, recycled material content, energy use, and waste are defined at 

corporate and divisional levels and used in strategy, reporting, and management follow-up. 

Respondent J noted that a newly introduced circular business share KPI represented a 

significant shift in organisational ambition: from project-based, activity-level metrics towards 

indicators that are integrated into core business performance management and tracked across 

divisional scorecards. This shift was described as meaningful in principle, but also as creating 

new challenges around internal alignment, and the definition of what counts as circular business 

in the first place. 

Both respondents also observed that translating these strategic targets into actionable 

operational guidance remains a significant challenge. The targets exist and are communicated, 

but what individual functions are expected to do differently as a result is rarely specified. 

Respondent I further pointed out that current indicators do not fully capture the environmental 

impact occurring in the product use phase: 

Respondent C – “The indicators we have today are mostly about what happens during 

production and sourcing. But for many of our product, the largest environmental impact is in 

the use phase, and we have very limited indicators that address that.”  

This observation points to a structural gap in the organisation's indicator architecture: the 

measurement system is oriented toward production-side inputs and process compliance rather 

than toward the full lifecycle impact of the products being developed and sold. This gap has 

direct implications for the capacity of indicators to support sustainability-oriented decision-

making in R&D and product management, where use-phase considerations are most relevant. 

Environmental vs. Circularity indicators 

Environmental indicators were generally described as more established than circularity-related 

ones. Respondents B and K both noted that requirements related to PFAS, REACH, and RoHS 

are relatively well integrated into existing processes. These regulatory requirements have been 

part of the organisation's operating environment for long enough that they have been embedded 

in workflows, tools, and supplier requirements, giving them a stability, and consistency that 

circularity indicators currently lack. 

Circularity indicators, by contrast, were consistently described as less mature, and less 

standardised. Respondent G described how sustainability scoring matrices are being introduced 

in some product segments but acknowledged the absence of a consistent framework across the 

organisation: 
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Respondent B – “Circularity indicators are still under development in many areas, we have 

scoring matrices in some places, but there is no consistent framework across the 

organisation. Different teams are measuring different things, which makes it very difficult to 

learn from each other, or to compare.” 

Respondent K added that even where circularity measurement exists, the definitions used vary 

significantly across functions and product areas, making cross-functional comparison difficult, 

and reducing the usefulness of circularity indicators as shared reference points. Several 

respondents described circularity as a domain where the organisation has a clear strategic 

ambition but lacks the measurement infrastructure to operationalise it consistently 

Implicit operational indicators 

Several functions rely on operational metrics that carry sustainability implications without 

being formally designated as sustainability KPIs. Respondents D, E and H, working in planning, 

and logistics, described how metrics such as inventory levels, excess stock, and express delivery 

frequency affect waste, obsolescence and carbon emission, yet none of these metrics are 

included in formal sustainability measurement systems.  

Respondent D described how fluctuating inventory levels and the accumulation of slow-moving 

stock create waste through obsolescence and unnecessary production cycles. Respondent E 

noted that demand planning decisions about replenishment quantities and reorder points directly 

affect how often express freight is required to compensate for planning errors or supply 

disruptions. Respondent H described transport mode choices as carrying sustainability 

implications in specific contexts particularly when air freight is chosen as a response to supply 

chain disruptions while acknowledging that the sustainability consequence of transport mode 

is more context-dependent than that of inventory and waste-related metrics, where the 

sustainability implication is more direct and consistent. 

In sourcing, Respondent M described sustainability as largely operationalised through 

compliance requirements and material declarations rather than dedicated sustainability tools. 

Respondent N highlighted the role of external supplier ratings and carbon assessments while 

noting challenges related to data quality and cross-supplier comparability. 

Respondent N – “We have access to supplier sustainability ratings, but the data quality 

varies a lot. Some suppliers have detailed carbon assessments, other don’t. It makes it very 

difficult to make consistent comparisons or to use the data in a structured way across 

sourcing decisions.” 
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People-related sustainability indicators 

People-related sustainability indicators were described as the least developed dimension across 

all functions. Relevant measures such as psychological safety assessments, work-life balance 

measures and stress indicators exist within HR and governance frameworks, but none are 

integrated into the sustainability KPI structures that guide cross-functional product realisation 

work. Respondent L confirmed this disconnect, noting that while HR monitors several 

indicators related to employee wellbeing and organisational health, these are managed 

separately from sustainability reporting and are not connected to product development, 

sourcing, or logistics decisions: 

Respondent L – “We track a range of people-related measures, engagement, psychological 

safety, inclusion. But they live in their own system. They are not part of how we talk about 

sustainability in product development or supply chain. There is no connection between what we 

measure in HR and what gets measures as sustainability in the business.” 

Several respondents including D, E, F, and O also described an outright absence of explicit 

sustainability indicators in their own functions, noting that sustainability is recognised as 

relevant but not yet translated into clear PIs, targets, or routines that would make sustainability 

performance visible in everyday work. Respondent F noted that sustainability considerations 

enter product management primarily through project-specific requirements or customer 

requests rather than through embedded indicators. Respondent O noted that scrap levels are 

monitored primarily for cost reduction reasons, with sustainability emerging as an indirect 

consequence rather than an explicit objective. This pattern where sustainability is present as a 

value but absent as a measured dimension recurs across several functions and represents a 

structural feature of how the organisation's measurement system is currently designed. Table 4 

summarises the types and maturity of sustainability and circularity PIs identified across the 

organisation.  
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Table 4. Types and Maturity of Sustainability and Circularity PIs. 

Indicator type Elaboration Respondents 

Formal strategic 

indicators 

CO₂ reduction, circular business share, electrification, and recycled 

material targets established at corporate, and divisional levels. 

I, J 

Indicators under 

development 

Sustainability scoring matrices and circularity metrics being introduced 

but not yet consistently implemented across the organisation. 

G, J 

Informal and 

implicit 

indicators 

Sustainability embedded indirectly in technical, cost, and operational 

decisions without dedicated PIs labels. 

F, G, K, O 

Operational 

indicators with 

sustainability 

implications 

Inventory levels, transport mode, excess stock, scrap, and packaging 

metrics influence sustainability outcomes without being formally 

classified as sustainability PIs. 

D, E, H, O 

Compliance and 

regulatory 

indicators 

REACH, RoHS, PFAS restrictions, material declarations, and risk 

classifications operationalise sustainability through regulatory 

requirements. 

B, K, M, N 

Social 

sustainability 

indicators 

Indicators such as psychological safety assessments and stress measures 

exist within governance structures but are weakly formalised and 

disconnected from product realisation processes. 

L 

Missing or 

weakly 

formalised 

indicators 

Several functions lack explicit sustainability PIs, sustainability is 

acknowledged as relevant but not yet translated into clear targets or 

routines. 

D, E, F, L, O 

Note. Respondent letters correspond to the interview overview in Table 1. 

4.2.2 Theme 2: How indicators are used in cross-functional collaboration 

Theme 2 documents the ways in which sustainability and circularity PIs appear in cross-

functional collaboration practices, primarily addressing RQ2. The findings show variation in 

how consistently and actively indicators are embedded in different collaborative settings, with 

more structured use at higher organisational levels, and more fragmented, implicit use at the 

operational level. 

Follow-up, monitoring and reporting 

The most consistently described use of indicators is for follow-up, monitoring and reporting. 

Respondent J described sustainability indicators as integrated into cross-functional 

sustainability forums, divisional scorecards and quarterly follow-up routines. These structures 

create visibility and accountability across functions, ensuring that sustainability performance is 

discussed at regular intervals and that deviations from targets are surfaced and addressed. 
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Respondent I described indicators as forming roadmaps that connect operational activities to 

strategic targets, with deviations discussed in cross-functional dialogue, and used to calibrate 

the pace and direction of sustainability improvement efforts. 

At lower organisational levels, however, this structured use is considerably less visible. 

Respondents D, E, and F each described sustainability as relevant to their work but not 

embedded in regular follow-up processes, with sustainability in product management emerging 

primarily through project work rather than through dedicated KPIs or regular monitoring 

routines. Respondent F captured this asymmetry well: 

Respondent F – “Sustainability is something we talk about in project when it comes up, a 

customer requirement, a regulation, a specific product initiative. But it is not something that 

has its own place in our normal planning and follow-up processes. It comes in from the 

outside rather than being built in.” 

This gap between the structured follow-up visible at senior levels and the absence of 

sustainability monitoring in many operational functions is not incidental. It reflects how the 

indicator system is designed. Sustainability targets are defined and tracked at divisional and 

corporate levels, but the translation of these targets into function-level KPIs and monitoring 

routines that would make them actionable in daily work is largely absent. 

Prioritisation and decision-making 

Indicators also appear in prioritisation and decision-making contexts across several functions, 

though their influence varies considerably. Respondent A described sustainability indicators as 

part of the criteria used in project evaluation and portfolio selection, where they are weighed 

alongside technical feasibility, market potential, and resource requirements. Respondent B 

noted that compliance-related indicators serve as guidelines in material selection and design 

decisions, functioning as constraints within which design choices are made rather than as 

positive objectives to be maximised. 

In sourcing, Respondent M described compliance-related indicators as go/no-go tools 

integrated into project gating processes, helping to clarify responsibilities between technical, 

compliance, and purchasing teams and to determine whether products can proceed toward 

production launch. Respondent N highlighted that sustainability indicators are also used in 

supplier collaboration, providing a shared framework for evaluating, and following up supplier 

sustainability performance across the supply base. Respondent C described a recurring and 

structurally embedded tension between sustainability and cost considerations in sourcing 

decisions: 

Respondent C – “In sourcing decisions, sustainability is a factor, but if the cost difference is 

significant, the financial argument tends to be decisive. The sustainability indicator informs 

the discussion, but it rarely overrides it.” 
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This observation recurred across multiple respondents and contexts and is treated analytically 

in Chapter 5 as evidence of the pragmatic knowledge boundaries that shape indicator use. 

Shared reference points in meetings. 

Indicators function as shared reference points in cross-functional meetings, making issues 

visible and providing a common basis for discussion across functions with different expertise 

and priorities. Respondent A noted that indicators allow different functions to orient around the 

same sustainability issue even when their interpretations of what it means and what should be 

done about it differ. This orienting function is valuable even when it does not produce 

immediate agreement, because it surfaces sustainability considerations in contexts where they 

might otherwise be invisible. 

Respondent D described how spikes in inventory levels or express deliveries trigger cross-

functional discussions across planning, purchasing, and sales, in which different functions 

contribute complementary perspectives on the drivers and consequences of the observed 

pattern. Respondent O described how improved measurement of delivery performance enabled 

closer collaboration between purchasing and transport, making it possible to identify more 

precisely whether problems originate with suppliers or with internal processes a distinction that 

had previously been obscured by the absence of shared metrics. 

Respondents K and F both noted, however, that cross-functional interaction is primarily driven 

by task interdependencies, and project needs, with sustainability indicators playing a supporting 

rather than a driving role. Indicators do not, by themselves, create the occasion for cross-

functional dialogue. They make that dialogue more productive when the occasion already 

exists. This distinction between indicators as enablers of coordination and indicators as drivers 

of it is analytically important and is developed further in Chapter 5. Table 5 summarises the use 

of sustainability and circularity PIs in cross-functional collaborations. 
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Table 5. Use of Sustainability and Circularity PIs in Cross-Functional Collaboration.  

Use in collaboration Elaboration Respondents 

Follow-up and monitoring Indicators are used in quarterly reviews, divisional scorecards, 

and sustainability forums to create accountability across 

functions. 

B, E, I, J, O 

Prioritisation and 

decisions 

Indicators support project selection, material choices, and 

strategic portfolio decisions, though financial considerations 

often dominate. 

A, D, I, K, O 

Meetings and 

communication 

Indicators provide a common reference point in cross-functional 

meetings, making issues visible and enabling joint discussion. 

A, B, D, H, M, 

N, O 

Guiding concrete 

operational decisions 

Indicators guide material selection, transport mode choices, 

supplier selection, and replenishment planning. 

B, C, D, E, H, 

M, N, O 

Process-embedded rather 

than standalone use 

In many functions, indicators operate as background references 

or implicit guidance rather than active steering tools 

B, F, G, K 

Supplier collaboration Sustainability ratings and compliance indicators are used in 

supplier selection, evaluation, and development processes. 

C, M, N 

Note. Respondent letters correspond to the interview overview in Table 1. 

4.2.3 Theme 3: Indicators as boundary objects in practice 

Theme 3 documents how sustainability and circularity PIs function as shared reference points 

across functions, and the conditions under which this shared reference function holds or breaks 

down. It primarily addresses RQ3. The findings show that indicators can provide a common 

language for cross-functional orientation, but that shared understanding is not automatic and 

depends on active dialogue and favourable organisational conditions. 

Indicators as shared reference points 

Several respondents described how indicators provide a common reference that enables 

different functions to orient around the same sustainability issue. Respondent J noted that 

strategic targets such as CO2 reduction give different functions a common reference point even 

when their approaches, priorities and operational implications differ. Having a shared number 

or target creates a basis for cross-functional conversation that would otherwise be difficult to 

establish, particularly in contexts where different functions speak different professional 

languages and have different views about what sustainability means in practice. 

Respondents M and N described compliance-related indicators as tools that translate technical, 

compliance, and sourcing perspectives into a shared view of project status and responsibilities, 

enabling different functions to track the same dimension of product development progress 

without needing to fully understand each other's technical perspectives. Respondent G noted 
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the potential of the emerging sustainability scoring matrix to bridge R&D and purchasing 

perspectives, providing a shared framework for evaluating sustainability trade-offs in product 

development decisions. 

Shared understanding requires active construction 

A consistent and analytically important finding is that indicators do not automatically generate 

shared understanding. Respondent I described how establishing a shared definition for the 

circular business share KPI required extensive cross-functional negotiation before the indicator 

could serve as a usable common reference a process that took considerably longer than 

anticipated and required sustained senior leadership attention. Respondent J elaborated on this 

process: 

Respondent J – “The circularity KPI required a long process of discussion across functions 

before we could agree on what it actually measure. The indicator is the starting point, not the 

outcome, the understanding comes from the discussion. “ 

Respondent A noted that the same indicator is interpreted differently depending on functional 

logic and organisational context, and that early ambiguity can lead to misalignment later in 

decision processes sometimes in ways that are not visible until a decision has already been made 

and its consequences have become apparent. Respondents B and K both emphasised that seeing 

the same number does not mean that different functions understand it the same way, and that 

shared understanding must be actively built through dialogue rather than assumed from shared 

access to data: 

Respondent K – “We can all look at the same sustainability score and draw different 

conclusions about what it means and what we should do. The number itself doesn’t create 

alignment. You need the conversation around it.” 

Tension and misalignment 

Several respondents described situations where indicators create tension rather than alignment, 

particularly when they expose trade-offs between sustainability, cost, and technical feasibility 

that different functions have incentives to resolve differently. Respondent C noted that 

sustainability indicators are often introduced too late in decision processes after the commercial 

and technical parameters of a decision have already been established so that they function as 

additional constraints rather than as genuine inputs to the decision. 

Respondents M and N described how indicators can generate confusion when introduced 

without adequate integration into existing workflows, particularly when they arrive mid-project 

and require functions to revisit decisions that have already been made: 

Respondent N – “If a sustainability requirement arrives late in the project, it can create 

disruption rather than alignment. The indicator becomes an obstacle rather than a shared 

reference.” 
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Respondent O described a related and structurally important dynamic: cost pressures to source 

from Asia motivated by price competitiveness conflict with the goal of maintaining short lead 

times for customers. The result is larger local inventories intended to buffer against long 

replenishment lead times. The environmental consequences of those larger inventories in terms 

of capital tied up, obsolescence risk and the energy consumed in storage are rarely factored into 

improvement discussions, because the decision to source from Asia is made on cost, and 

availability grounds and the sustainability implications are not captured by any indicator in the 

relevant decision process. This example illustrates how indicators may fail to surface 

sustainability trade-offs not because they are absent from the organisation, but because they are 

absent from the specific decision context where they would be relevant. Table 6 summarises 

the boundary object function of sustainability and circularity PIs 

Table 6. Sustainability and Circularity PIs as Shared Reference Points.  

Boundary object function Elaboration Respondents 

Shared reference points Indicators provide a common language and basis for orientation 

across functions, enabling coordination without requiring full 

consensus. 

A, C, D, E, H, 

J, M, N, O 

Translation across functions Indicators translate strategic sustainability goals into operational 

terms and connect technical, compliance, and sourcing 

perspectives. 

C, H, I, M, N 

Boundary objects are 

conditional 

Indicators do not automatically create shared understanding, 

their boundary object functions depend on visibility, 

actionability, and workflow integration. 

A, B, F, G, H, 

K, L, O 

Need for interaction and 

interpretation 

Shared understanding must be actively built through dialogue, 

negotiation, and cross-functional reflection rather than assumed 

from shared access to a number. 

A, D, J, L, M, 

N, O 

Tensions, ambiguity and 

misalignment 

The same indicator can carry different meanings across 

functions, and late introduction of indicators can create friction 

rather than alignment. 

A, G, H, M, N, 

O 

Contextual conditions for 

effectiveness 

Leadership support, early involvement of relevant functions, and 

embedded workflows are required for indicators to function 

effectively as boundary objects. 

A, H, J, M, N 

Note. Respondent letters correspond to the interview guide in Table 1. 

4.2.4 Theme 4: Trade-offs and prioritisation shaping indicator use 

Theme 4 documents the trade-offs and competing priorities that shape how sustainability and 

circularity PIs are used or not used in decision-making across functions. The findings show that 

financial, operational and customer-related priorities frequently override sustainability 

considerations in practice, and that sustainability indicators are most influential when they 
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coincide with business value. These patterns provide important contextual evidence for 

understanding the conditions under which indicators can and cannot guide cross-functional 

decisions, directly informing RQ3. 

Dominance of cost and profitability 

A strong and recurring pattern across the interviews is that cost and profitability significantly 

shape how sustainability indicators are weighted in decisions. Respondents A, B, C, F, K, and 

O all described financial considerations as the dominant factor in most decision contexts, with 

sustainability indicators informing rather than determining outcomes. Respondents M and N 

described persistent trade-offs between cost, risk, and sustainability as a constant feature of 

sourcing decisions not as occasional exceptions to a sustainability-first norm, but as the 

structural default through which all significant decisions are filtered. 

Respondent F noted that profitability and complexity reduction consistently take priority over 

sustainability considerations in product portfolio decisions, with sustainability emerging as an 

additional benefit when it coincides with efficiency gains rather than as a primary objective. 

Respondent C described sustainability as frequently positioned in sourcing decisions as an 

additional benefit that strengthens the case for a preferred option rather than as a primary 

requirement that constrains the available choices. Respondent O stated that while a more 

sustainable option is chosen when two alternatives are equally cost-effective, sustainability 

alone is never sufficient grounds for a decision under current conditions, a formulation that 

captures the structural subordination of sustainability criteria across the organisation. 

Alignment with business value 

Several respondents observed that sustainability indicators gain more traction and carry more 

practical weight when they align with business value through cost savings, efficiency gains, 

risk reduction, or improved market positioning and carry less weight when sustainability and 

business value point in different directions. This conditionality is not simply a reflection of 

individual preferences. It reflects the incentive structures and performance criteria through 

which functions are evaluated. Respondent B described how material selection decisions that 

coincide with sustainability and cost improvements are straightforward, while decisions where 

sustainability comes at a cost premium require additional justification and are more often 

overridden. 

Respondent H described how transport sustainability improvements that also reduce logistics 

costs for example, through consolidation, better load factors or modal shift when economically 

viable are readily adopted, while improvements that require accepting higher costs, or longer 

lead times face considerable resistance. 
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Customer and market pressure 

Customer and market pressures also emerged as a significant driver shaping indicator use, 

particularly in logistics and supply chain functions. Respondents D, E, and H each described 

situations in which delivery urgency and customer service requirements override sustainability 

considerations, with air freight chosen over more sustainable transport options when 

availability or customer retention is at stake. These decisions are experienced as structurally 

constrained: the choice is not perceived as a trade-off between sustainability and cost, but as a 

situation in which the consequences of not meeting customer expectations are more immediate 

and concrete than the sustainability consequences of the transport mode chosen. 

Respondent E – “Air transport is used when there is a risk of losing customers. We know it is 

bad from a sustainability perspective, but when the alternative is a stock-out, the decision is 

made for us.” 

This formulation the decision is made for us is analytically significant because it describes the 

experience of structural constraint: the available options have already been shaped by prior 

decisions and customer commitments in a way that leaves sustainability indicators without 

practical traction. The sustainability implication of the transport mode choice is understood, but 

understanding is not sufficient to change the outcome when the structural conditions that 

produce the choice remain unchanged. 

Sustainability as a secondary consideration 

A related and consistent finding is that sustainability is frequently treated as a secondary 

consideration in decision processes, entering discussions after cost, availability, and technical 

feasibility have already shaped the available options. Respondents C and D both described this 

sequencing as a structural feature of how decisions are made across functions not as an 

occasional deviation from a sustainability-integrated process, but as the standard operating 

mode. This late positioning limits the capacity of sustainability indicators to influence 

outcomes, because the practical range of choices has already been narrowed before 

sustainability criteria are applied. 

Respondent D elaborated on how this sequencing operates in practice in supply chain decisions: 

demand forecasts, inventory targets, and sourcing contracts are established through processes 

that do not include sustainability criteria, and sustainability considerations enter only when a 

specific issue is flagged typically a compliance requirement or a customer query  by which 

point the structural parameters of the decision have already been set. This pattern is consistent 

with what Respondent C described in sourcing and what Respondent H described in logistics, 

suggesting that the sequencing of sustainability criteria as a secondary filter rather than a 

primary input is not function-specific but reflects a more general feature of how the 

organisation's decision processes are structured. Table 7 summarises the trade-offs and 

prioritisation patterns identified in the data.  
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Table 7. Trade-offs and Prioritisation Shaping Indicator use.  

Priority driver Elaboration Respondents 

Cost and 

profitability 

dominate 

Financial considerations consistently shape how sustainability 

indicators are prioritised, with sustainability informing rather than 

determining outcomes in most decision contexts. 

A, B, C, D, F, K, 

M, N, O 

Sustainability gains 

traction when 

aligned with 

business value 

Indicators are more influential when sustainability objectives coincide 

with cost savings, efficiency gains, or improved market positioning. 

B, F, H, I 

Customer and 

market pressure 

Customer service requirements and delivery urgency frequently override 

sustainability considerations, particularly in transport and logistics 

decisions. 

B, D, E, H 

Sustainability is 

secondary or late 

Sustainability is often introduced after cost, availability, and technical 

feasibility have already defined the decision space, limiting its practical 

influence. 

C, D, E, L, O 

Trade-offs as a core 

feature 

Persistent tensions exist between sustainability, cost, technical 

feasibility, and customer demands across all functions involved in 

product realisation. 

C, F, G, I, M, N 

Note. Respondent letters correspond to the interview guide in Table 1. 

4.2.5 Theme 5: Organisational conditions influencing indicator effectiveness 

Theme 5 documents the organisational and structural conditions that respondents described as 

enabling or constraining the effective use of sustainability and circularity PIs. It primarily 

addresses RQ3. The findings show that indicator effectiveness depends on a range of conditions 

beyond the technical design of indicators, including how sustainability targets are translated 

across organisational levels, the availability and quality of sustainability data, and the cultural, 

and geographic contexts in which indicators are applied. 

Translation gaps between levels 

A recurring finding is that sustainability indicator structures are driven from the top of the 

organisation, while translation into operational routines, and function-specific KPIs at lower 

levels remains incomplete and uneven. Respondents C and I both described indicators as driven 

from corporate level and translated locally but also noted that the process of translation is rarely 

well specified: what individual functions are expected to do with corporate-level targets is left 

largely to local initiative. Respondent J acknowledged explicitly that the translation process is 

not well defined and varies considerably across functions, resulting in significant gaps between 

the strategic ambition expressed in corporate targets and the practical sustainability work 

carried out in most functions. 
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Respondents D, E, G, and O each described sustainability targets as present at the organisational 

level but insufficiently connected to function-specific KPIs, criteria or decision routines that 

could guide everyday work. For these respondents, sustainability is something that happens at 

the top of the organisation, and at the level of formal reporting, but not in the planning meetings, 

procurement reviews, and operational decisions where most work gets done. Respondent B 

called for more integrated system-level indicators that address this fragmentation by providing 

a lifecycle and cross-functional perspective that could connect strategic ambitions to 

operational choices: 

Respondent B – “We need indicators that work across the whole value chain, not just in one 

function. Right now, each function has its own view, and there is no integrated picture of what 

we are doing to the environment across the full product life cycle.” 

Absence of standardise circularity metrics 

The absence of standardised and agreed circularity metrics was described by several 

respondents as a significant constraint on cross-functional coordination and on the 

organisation's capacity to build a shared understanding of circularity performance. Respondents 

I, J and K all noted that different functions and product areas apply different methods, 

definitions, and scoring approaches when measuring circularity, making it impossible to 

compare progress across the organisation or to establish a consistent baseline from which 

improvement can be measured. 

Respondent J – “There is no agreed standard for measuring circularity at the product level. 

Different functions and different product areas are using different methods and that makes it 

very hard to compare or coordinate.” 

Respondent K elaborated on how this lack of standardisation creates practical difficulties in 

cross-functional projects, where different teams arrive at sustainability discussions with 

different understandings of what circularity means and how it should be measured. The result 

is that sustainability discussions in cross-functional settings often begin with definitional debate 

rather than substantive engagement with the question of how circularity can be improved a 

pattern that reduces the productivity of cross-functional dialogue and slows the pace of 

circularity integration. 

Data availability and system limitations 

Data availability and system limitations were also identified as material constraints on indicator 

effectiveness. Respondents H, J, M, and O noted that sustainability data is often incomplete, 

infrequent or held in disconnected systems that cannot be easily compared or aggregated across 

functions. Respondent O described how outdated systems make it difficult to track scrap across 

all production stages and drew a revealing parallel to how quality management was once 

similarly underdeveloped: 
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Respondent O – “Quality was once in the same situation as sustainability is now, we knew 

mattered, but we did not have the systems, or the processes to manage it consistently. It took a 

long time and a lot of investment before quality management became what it is today. 

Sustainability is at that early stage now.” 

This parallel is analytically suggestive, implying that the current state of sustainability 

measurement is not a reflection of the organisation's commitment to sustainability, but of the 

stage of maturity of the measurement infrastructure. Respondent H described specific 

challenges in tracking transport emissions across different carrier types and routes, noting that 

the absence of reliable emissions data makes it difficult to have evidence-based conversations 

about the sustainability implications of transport decisions. Respondent M described challenges 

in obtaining consistent and comparable sustainability data from suppliers, particularly for 

smaller suppliers without dedicated sustainability reporting capabilities. 

Organisational maturity, culture and geography 

The findings also show that organisational maturity varies considerably across the organisation, 

creating an uneven landscape in which some functions, and units are considerably further along 

in sustainability integration than others. Respondent J characterised the organisation as still in 

an early stage of sustainability integration overall, while Respondent H described sustainability 

work in logistics as often reactive rather than proactive responding to specific problems or 

external requirements rather than pursuing a coherent improvement agenda. 

Cultural and geographic variation further affects how sustainability indicators are understood 

and applied in practice. Respondents F and J both noted significant differences across regions 

and markets in terms of how sustainability requirements are interpreted, how much weight 

sustainability is given in local decision-making, and what cultural expectations surround the 

communication of sustainability performance. These differences are not simply a matter of 

varying regulatory environments. They reflect deeper differences in how sustainability is 

framed as a value and as an organisational priority in different parts of the organisation. 

Respondent K emphasised that building shared understanding across functional boundaries in 

this context requires structured dialogue and deliberate opportunities for cross-functional 

reflection conditions that are not consistently available across the organisation and that require 

active investment from leadership to create and sustain. Table 8 summarises the organisational 

conditions influencing indicator effectiveness. 
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Table 8. Organisational Conditions Influencing Indicator Effectiveness. 

Organisational condition Elaboration Respondents 

Top-down structure and 

translation gaps 

Sustainability indicators are driven from corporate level, but the 

process of translating them into function-specific KPIs and 

routines is inconsistent and often insufficient. 

C, D, G, I, J, 

K, O 

Lack of standardisation 

and common frameworks 

Absence of agreed circularity metrics and harmonised definitions 

limits cross-functional coordination and the ability of indicators to 

serve as shared tools. 

B, G, I, J, K 

Operationalisation gaps Sustainability targets exist at the organisational level but are not 

sufficiently connected to the daily work of most functions. 

D, E, F, I, J, O 

Data and system 

limitations 

Incomplete, infrequent, or siloed sustainability data reduces the 

practical usability of indicators in decision-making contexts. 

H, J, M, N 

Organisational maturity 

and readiness 

The organisation is in an early stage of sustainability integration, 

with significant variation across functions, sustainability 

dimensions, and geographic contexts. 

G, H, J, 

Culture, geography and 

context 

Global and cultural differences affect how indicators are 

interpreted, understood and used, requiring structured dialogue to 

build shared understanding. 

F, J, K 

Reflection, learning and 

dialogue as enablers 

Indicator effectiveness depends as much on organisational learning 

processes and cross-functional dialogue as on formal measurement 

structures. 

F, I, J, K 

Note. Respondent letters correspond to the interview guide in Table 1. 

 

4.3 Document studies 

The document studies were conducted to complement the interview findings by providing 

insight into how sustainability and circularity are formally described, structured, and 

communicated within the organisation. The analysed material included an environmental group 

policy, a code of conduct, an externally reviewed sustainability framework, a quality policy, 

and an internally developed sustainability assessment tool for new product development. 

Content analysis produced three main topics, described in the sections below. 

4.3.1 Topic 1: Formalised sustainability priorities and indicator structures 

The document studies show that sustainability is formally established as a core organisational 

value and communicated through a structured set of policies, strategic commitments, and 

reporting categories. The environmental policy describes environmental care as a fundamental 

business value, committing the organisation to reducing emissions, minimising pollution, 
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conserving resources and integrating environmental considerations across the full product 

lifecycle. The policy explicitly states that regulatory compliance represents only a minimum 

requirement and that environmental performance shall be continuously improved through 

clearly defined targets. This framing compliance as a floor rather than a ceiling signals an 

organisational ambition that goes beyond regulatory obligation, though the gap between that 

ambition and operational practice is a recurring theme across the document studies and the 

interview findings. 

The externally reviewed sustainability framework reveals a more specific and formalised 

indicator structure at the strategic level, identifying near-term targets related to reducing 

absolute greenhouse gas emissions across Scope 1, 2 and 3, introducing a defined number of 

circular innovations to improve product recyclability and extend product lifespans, and 

enabling a large number of customers to make more sustainable choices. Impact reporting under 

the framework is structured around specific metrics including annual Greenhouse Gas (GHG) 

emissions reduced or avoided, electrification share, CO2 emissions intensity per transport 

kilometre and annual renewable energy generation. These metrics are oriented toward external 

stakeholder’s investors, customers, and regulators and reflect the externally driven 

requirements of sustainability disclosure rather than the information needs of internal cross-

functional coordination. 

The code of conduct frames sustainability through the three dimensions of economic, 

environmental, and social responsibility, referencing profit, planet, and people as 

interconnected aspects of organisational performance. Social sustainability receives particular 

attention in relation to human rights, fair employment conditions, inclusion, and anti-

harassment. These aspects are, however, articulated through behavioural expectations, and 

compliance requirements rather than through quantified performance indicators, reflecting a 

pattern also visible in the interview data where social sustainability is present as a governance 

value but absent from measurement systems. 

4.3.2 Topic 2: Indicators in governance, reporting and product-related processes 

Across the reviewed documents, sustainability indicators are most explicitly formalised at the 

strategic and reporting level, where they primarily serve purposes related to external 

communication, investor transparency, and regulatory accountability. A dedicated governance 

committee with cross-functional representation is described as responsible for evaluating and 

selecting eligible projects in line with the framework's criteria, though this governance structure 

is oriented toward investment, and reporting rather than toward operational product realisation 

processes. 

A structured sustainability assessment tool for new product development represents the most 

operationally grounded sustainability structure identified in the document studies. The tool is a 

structured questionnaire designed to guide cross-functional product development teams 

encompassing product management, design, R&D, sourcing, and manufacturing in integrating 

sustainability into design decisions. It is organised around four assessment areas. The first 
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covers carbon, including energy efficiency and electrification. The second covers circular 

aspects such as resource efficiency, reuse, repair, remanufacturing, recycling, and spare parts 

availability. The third covers people, including sustainability claims, and customer-facing 

features. A fourth area addresses biodiversity, user safety, and noise reduction. Each question 

is scored on a binary basis, with the total score intended to serve as a sustainability benchmark 

during the product development process. 

It should be noted that while the sustainability assessment tool provides structured guidance for 

sustainability evaluation in product development, it does not constitute a performance indicator 

in the sense of this study's definition (Elia et al., 2024). It lacks a defined performance target 

against which scores are benchmarked over time, and no formal follow-up mechanism was 

identified in the reviewed documentation. The tool is therefore treated in this study as a 

sustainability assessment instrument that supports decision-making at a point in time rather than 

as a PI that enables ongoing performance monitoring. 

The quality policy complements this picture by establishing a cross-functional accountability 

structure for product performance, requiring all business units to implement the policy locally, 

establish, and track quality goals, and develop suppliers toward common targets. The parallel 

between the quality management structure and the emerging sustainability measurement 

infrastructure is consistent with the observation made by Respondent O in the interview data 

that sustainability measurement is at a stage comparable to where quality management was 

before it became fully institutionalised. 

4.3.3 Topic 3: Organisational gaps between strategic ambition and operational 
application 

Across the reviewed documents, sustainability is clearly articulated at the policy and strategic 

level, with explicit commitments to emissions reduction, circularity, electrification, and 

responsible business conduct. At the same time, the material reveals important gaps in how 

these ambitions are translated into practically usable, function-specific measures. The 

environmental policy and the strategic sustainability framework present ambitious targets and 

structured indicator systems that are primarily oriented toward group-level reporting and 

external accountability rather than toward guiding everyday decisions within individual 

functions or product development projects. 

The sustainability assessment tool represents a notable exception, as it is explicitly designed for 

operational use in product development. However, the reviewed material does not describe how 

the resulting scores are followed up, how they inform decisions across functions in practice, or 

how disagreements about scoring are managed across the cross-functional teams expected to 

use it. This gap suggests that even the most operationally oriented sustainability structure 

identified in the document studies leaves significant room for interpretation and is not yet 

embedded in a performance management system that ensures consistent use across functions 

and projects. 
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The code of conduct addresses sustainability primarily through behavioural norms and 

compliance expectations and provides limited guidance on how trade-offs between 

sustainability and other organisational priorities should be managed in practice. This is 

consistent with a broader pattern across the reviewed documents. Formal structures establish 

what the organisation values and commit to but leave the question of how those values and 

commitments should be operationalised in the face of competing demands largely unaddressed. 

The gap between formal sustainability commitment and operational sustainability practice is 

therefore not a gap in stated intention. It is a gap in the translation of intention into structured 

decision support. 

4.4 Triangulation 

The triangulation of interview data and document studies reveals several consistent findings 

and surfaces important tensions between formal structures and everyday practice.  

Finding 1 – Strategic indicators are more developed than operational ones 

A first consistent finding across both sources is that sustainability indicators are more mature 

and visible at strategic and reporting levels than in operational and product-level work. The 

document studies show that the environmental policy, the strategic sustainability framework 

and governance-related documents all articulate clear sustainability commitments and 

structured indicator categories at group level. This mirrors the pattern described across multiple 

interviews, where Respondents J, I, and C noted that strategic targets and reporting frameworks 

are well established while the translation into function-specific KPIs and operational routines 

remains incomplete. Both sources point to the same structural feature: the organisation's 

sustainability measurement system is designed primarily for upward reporting and external 

accountability rather than for lateral coordination and operational guidance. 

Finding 2 – Environmental indicators are more developed than circularity and social ones 

The document studies confirm a stronger emphasis on emissions, energy use, resource 

consumption, and regulatory compliance across the reviewed material. The sustainability 

assessment tool is the only document that attempts to address circularity in a structured and 

operationally relevant way. This is directly consistent with the interview data, where 

Respondents B, G, I, and K described circularity indicators as still developing and lacking a 

consistent framework. People-related sustainability represents the greatest gap in both sources 

the code of conduct addresses this dimension through behavioural norms rather than indicators, 

and the interview findings confirm that people-related metrics remain largely disconnected 

from product realisation processes. The formal TBL commitment expressed in the code of 

conduct is not matched by a TBL-balanced indicator architecture in practice. 
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Finding 3 – Formal governance structures do not capture cross-functional practice 

Indicators are embedded in governance and reporting structures but are not yet fully integrated 

into cross-functional product realisation practices. The document studies show that formal 

sustainability structures exist for external reporting, strategic governance and, to some extent, 

product development assessment. They provide limited insight, however, into how indicators 

function in cross-functional interactions, or how trade-offs between sustainability and other 

priorities are managed in practice. The interview data directly address this gap respondents B, 

D, E, F, and G each described sustainability as present in principle but not consistently 

embedded in daily workflows or cross-functional decision processes. 

Finding 4 – shared understanding requires interaction beyond formal documents 

A fourth finding, emerging primarily from the interview data, and supported only indirectly by 

the document studies, concerns the role of interaction and interpretation. The documents 

establish formal definitions, targets, and assessment frameworks, but cannot capture the 

interpretive work that takes place when indicators are used across functions in practice. The 

interviews show that shared understanding is built through dialogue and negotiation as 

described by Respondent J in relation to the process of establishing a shared definition for the 

circular business share KPI and that this process is not guaranteed by the existence of formal 

documents, however well designed they are. 

4.5 Summary of results 

The results show that sustainability and circularity PIs in the studied organisation are 

characterised by considerable variation in type, maturity, and practical application across 

functions and organisational levels. At the strategic level, a structured set of environmental 

indicators, and reporting targets is in place, supported by formal policies, governance 

mechanisms, and externally reviewed frameworks. At the operational and functional level, the 

picture is considerably more fragmented. Many functions rely on implicit or indirect metrics 

that carry sustainability implications without being formally designated as sustainability KPIs, 

while others describe an outright absence of sustainability-related targets in their everyday 

work. 

Circularity indicators are less mature and less standardised across the organisation, and people-

related sustainability indicators are the least developed dimension, largely disconnected from 

product realisation processes. The gap between the formal TBL commitment expressed in 

governance documents and the TBL-balanced indicator architecture that would be required to 

operationalise it is one of the most consistent findings across both data sources. 

The interview findings show that indicators support several recurring cross-functional practices, 

including follow-up and monitoring, decision support, and prioritisation, inter-functional 

communication, and supplier collaboration. Their role is, however, consistently secondary to 

existing task structures, project interdependencies, and operational needs. Indicators can serve 
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as shared reference points providing a common language and basis for cross-functional 

discussion. However, shared understanding does not arise automatically from the presence of a 

shared indicator. It requires active interpretation, negotiation, and dialogue, and depends on 

organisational conditions such as leadership support, early involvement of relevant functions, 

data visibility, and integration into workflows. 

Indicator use is also strongly shaped by trade-offs, where cost, profitability, customer demands, 

and operational pressures frequently take precedence over sustainability ambitions. 

Sustainability is often introduced as a secondary consideration after financial and operational 

criteria have already shaped the available options a structural sequencing that limits the capacity 

of indicators to influence outcomes regardless of how well they are designed. 

The document studies confirm that sustainability is formally prioritised at the organisational 

level through structured policies, strategic frameworks and an assessment tool for product 

development. They also reveal a persistent gap between strategic ambition and operational 

application: formal structures provide direction but leave the practical embedding of indicators 

in cross-functional work largely unspecified. This gap is the central empirical finding of the 

study and provides the starting point for the analysis presented in Chapter 5. 
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5 Analysis 

This chapter provides a theoretically grounded interpretation of the empirical findings 

presented in Chapter 4. Each analytical claim is anchored in specific themes and interview 

evidence before theory is introduced to explain the observed pattern. The analysis is structured 

around the three research questions.  

5.1 RQ1: What types of Sustainability and Circularity PIs are used in 
manufacturing organisations? 

RQ1 focuses on the types of sustainability and circularity PIs used within product realisation 

processes in the studied large manufacturing organisation. The analysis examines how these 

indicators differ in terms of maturity, formalisation and organisational integration and how they 

are distributed across strategic, operational, compliance-related, and people-related dimensions. 

5.1.1 An uneven Ecology of Indicators 

Theme 1 documents three distinct categories of indicators in the organisation: formal strategic 

indicators (CO2 reduction targets, circular business share), compliance, and regulatory 

indicators (REACH, RoHS, PFAS), and a category of operational metrics such as inventory 

levels, excess stock, and express delivery frequency that carry sustainability implications 

without being formally designated as sustainability KPIs. A fourth category, people-related 

indicators, is notable primarily for its absence from product realisation measurement systems 

despite its presence in governance frameworks. Together, these categories form what is best 

described as an uneven ecology of indicators rather than a coherent measurement system. 

Dominance of environmental indicators 

The finding from Theme 1 that environmental indicators are more developed and better 

integrated than circularity and people-related indicators in the studied organisation, reflects the 

historical trajectory of sustainability measurement in manufacturing. Environmental 

measurement in industrial organisations originated in regulatory compliance around emissions 

and waste and has only more recently been extended to include circularity and social 

dimensions (Hristov et al., 2022; Searcy, 2012). The empirical pattern observed in this study 

Respondents B and K describing REACH, RoHS, and PFAS as well integrated into existing 

processes, while Respondents G, and J describe circularity metrics as still under development 

is therefore consistent with this trajectory. 

What is analytically significant in this case, however, is not the maturity gap itself but what it 

reveals about the relationship between formal governance commitments and operational 

measurement practice. The code of conduct formally articulates a TBL commitment 

encompassing environmental, social, and economic dimensions. The interview findings and 

document studies show that only the environmental dimension is operationalised through a 
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mature and consistently applied indicator structure. This constitutes a structural decoupling 

between governance discourse and measurement practice. The organisation formally commits 

to a triple-bottom-line framework while its measurement infrastructure systematically 

privileges one of its three dimensions. This decoupling matters analytically because it suggests 

that formal commitment to sustainability as expressed in governance documents does not 

automatically translate into the measurement infrastructure that would make that commitment 

actionable and accountable across functions. 

Lagging vs. leading indicators 

Themes 1 and 2 together show that the most consistently used indicators serve follow-up, 

monitoring and reporting purposes, capturing what has already happened rather than guiding 

what should happen next. This reflects a structural dominance of lagging over leading indicators 

in the organisation's sustainability measurement architecture. Respondent I's observation that 

current indicators do not capture environmental impact in the product use phase is a specific 

instance of this broader pattern. The measurement system is calibrated for tracking performance 

against past targets rather than for anticipating and shaping future impacts. 

The sustainability assessment tool identified in the document studies is theoretically significant 

because it attempts to function as a leading instrument by embedding sustainability evaluation 

into product development decisions before costs and technical parameters are locked in. Its 

limited and inconsistent adoption across functions confirmed by the absence of any follow-up 

mechanism in the reviewed documents and by the absence of any references to it in most 

respondents' descriptions of their daily work reveals that the problem is not the absence of 

leading sustainability instruments per se, but the absence of the organisational conditions that 

would make such instruments practically consequential. This is a finding that performance 

measurement literature has begun to address (Franco-Santos et al., 2012; Melnyk et al., 2014), 

but which takes on particular significance in the sustainability domain because of the time-

sensitive nature of sustainability challenges. Decision made today about product design, 

sourcing, and logistics lock in sustainability impacts for years or decades.  

The implicit operational indicator category 

The finding from Theme 1 that metrics such as inventory levels, excess stock, and express 

delivery frequency carry sustainability implications without being formally labelled as 

sustainability KPIs (Respondents D, E, H, and O) represents a category of sustainability 

measurement that current theoretical frameworks have largely overlooked. The literature on 

sustainability performance measurement focuses primarily on explicitly designated 

sustainability indicator systems (Hristov et al., 2022; Searcy, 2012) and does not systematically 

address how sustainability is embedded often invisibly in operational metrics that were 

designed for efficiency, cost, or quality purposes but carry environmental consequences as a 

side effect 
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Transport mode choice was also described as revealing sustainability implications in specific 

decision contexts (Respondent H), particularly when air freight is chosen as a response to 

supply chain disruptions. However, as noted in the results, the relationship is more conditional 

for transport mode than for inventory, and waste-related metrics: the sustainability consequence 

of choosing air over sea freight depends on the specific route, load factor, and available 

alternatives in ways that the sustainability consequence of excess stock or obsolescence does 

not. The analytically clearest cases in this category are therefore inventory and waste-related 

metrics, where the sustainability implication is direct, consistent, and independent of contextual 

variation. 

This implicit operational indicator category matters analytically because it implies that formal 

sustainability KPI systems may significantly underestimate the actual scope of sustainability-

relevant measurement in an organisation, and that the degree to which sustainability is already 

governed, or neglected in operational practices is not fully captured by assessments that focus 

only on designated sustainability indicators. It also implies that sustainability improvement 

potential may be accessible through the reframing of existing operational metrics, without 

requiring the development of new measurement instruments 

5.2 RQ2: What Cross-functional Collaboration Practices do Sustainability and 
Circularity PIs support? 

RQ2 focuses on the cross-functional collaboration practices supported by sustainability and 

circularity PIs in the studied manufacturing organisation. The analysis examines how indicators 

are used in follow-up, decision-making, communication, and supplier-related activities, while 

also considering how their influence is shaped by organisational routines, functional 

interdependencies, and competing priorities. 

 

From Reporting to Lateral Coordination 

Theme 2 shows that the most consistently described use of indicators is for follow-up, 

monitoring, and reporting structured at higher organisational levels (Respondents J, and I) but 

largely absent from the daily workflows of operational functions (Respondents D, E, and F). 

The gap between strategic follow-up and operational embedding is not explained by individual 

motivation or capability. It reflects a structural feature of how the organisation's sustainability 

indicator system is designed. 

The theoretical literature on performance measurement describes the follow-up and reporting 

function as embedding strategic objectives in accountability routines that align distributed 

organisational action with centrally defined goals (Franco-Santos et al., 2012; Micheli & Mari, 

2014). The empirical contribution of this study is to show that these routines, in the 

sustainability domain, operate primarily in an upward direction. They are calibrated for 

reporting performance to higher organisational levels and to external stakeholders, not for 

lateral coordination across functions at the operational level. This is consistent with Cunha et 

al. (2023) observation that sustainability performance measurement systems frequently face 
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alignment challenges when indicators must bridge different functional logics. The present 

findings extend that observation by showing that the alignment challenge is structural and 

systematic: it is built into the architecture of the indicator system, which was designed for 

reporting rather than for lateral coordination. 

Indicators as conditional shared reference points 

Themes 2 and 3 show that indicators can function as shared reference points in cross-functional 

meetings, making sustainability issues visible, and enabling joint discussion across functions 

(Respondents A and D). This function is documented in the theoretical literature on boundary 

objects and on performance information artefacts (Luna-Reyes et al., 2021; Star & Griesemer, 

1989). The present study extends this understanding by demonstrating that the shared reference 

function is conditional. The same indicator is interpreted differently depending on functional 

logic and context (Respondent A), and shared understanding must be actively built through 

dialogue rather than assumed from shared data access (Respondents B and K). 

This conditionality has an important practical implication, organisations in similar large 

manufacturing contexts that invest in shared sustainability dashboards or reporting tools on the 

assumption that visibility creates alignment may find that visibility is necessary but not 

sufficient. What transforms visibility into alignment is the structured cross-functional dialogue 

that turns shared data into shared interpretation a process that requires time, facilitation and 

organisational conditions that the study shows are not consistently available. 

The conditionality of indicator influence 

Theme 4 shows that sustainability indicators gain influence when they align with business value 

and carry less weight when they do not (Respondents B, F, H, and I). This conditionality reflects 

what Laine et al. (2016) describe as the practice-oriented nature of indicator use. Indicators 

become consequential not through their technical design but through how organisational actors 

engage with them in recurrent patterns of action. The engagement with sustainability indicators 

in this organisation is shaped by competing priorities in a way that is not symmetrical financial 

and operational priorities systematically take precedence over sustainability considerations in 

most decision contexts, as documented in Theme 4. 

This asymmetry is not simply a reflection of individual preferences or cultural attitudes toward 

sustainability. It is a structural feature of the incentive environment in which decisions are made 

functions are evaluated on financial performance, customer service levels, and operational 

efficiency, not on sustainability outcomes. In this environment, sustainability indicators can 

only influence decisions when they can be translated into the currencies through which 

performance is assessed and rewarded. This structural constraint is the subject of the pragmatic 

boundary analysis in section 5.3. 
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5.3 RQ3: How can sustainability and circularity PIs be expressed as boundary 
objects to support cross-functional collaborative practices? 

RQ3 is the most analytically demanding of the three research questions because it asks not 

merely what happens empirically in this case, but what theoretical mechanisms account for why 

it happens. The analysis uses Carlile's (2002, 2004) three-level framework syntactic, semantic, 

and pragmatic knowledge boundaries as a diagnostic tool to examine where and why the 

boundary object function of sustainability indicators succeeds or fails in this case. 

5.3.1 Syntactic Knowledge Boundaries 

At the syntactic level, boundary objects function by providing a common lexicon that enables 

information exchange across communities of practice without requiring those communities to 

share the same interpretive framework (Carlile, 2002). For sustainability indicators to serve this 

function, they must be defined consistently enough that different functions can exchange 

information about the same phenomenon without systematic misunderstanding. 

From the data 

Theme 1 and Theme 5 show a clear contrast between two groups of indicators in terms of their 

syntactic stability. Environmental compliance indicators REACH, RoHS and PFAS 

(Respondents B and K) function as effective syntactic boundary objects because their 

definitions are anchored externally in regulatory frameworks and international reporting 

conventions that transcend the organisation's internal boundaries. A PFAS restriction is defined 

the same way in R&D, purchasing and sustainability because it is defined by regulation, not by 

internal agreement. Circularity indicators do not have this external anchor: Theme 5 documents 

that different functions and product areas apply different methods, definitions, and scoring 

approaches (Respondents I, J, and K), and Theme 3 shows directly that this lack of shared 

definition makes it difficult for circularity indicators to function as shared reference points in 

cross-functional settings. 

Theoretical interpretation 

The external definitional anchor of regulatory frameworks is precisely what makes 

environmental compliance indicators syntactically stable across the organisation's functional 

boundaries their definitions are not subject to internal negotiation and therefore do not depend 

on the uneven organisational conditions that currently characterise the organisation's 

sustainability governance. The sustainability assessment tool represents an attempt to create 

syntactic stability internally through shared definitions and a common scoring logic. The 

absence of a follow-up mechanism and the inconsistent adoption of the tool across functions 

suggests that internally generated syntactic stability is considerably more fragile than externally 

guaranteed standardisation. Creating and sustaining internal definitional consensus requires 

ongoing governance investment of a kind that is currently absent, and this is a gap that the 

organisation cannot address through measurement design alone. 
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5.3.2 Semantic Knowledge Boundaries 

Semantic boundaries arise from differences in how meaning is attributed to shared information 

not from the absence of shared definitions (Carlile, 2002, 2004). Even when functions share 

access to the same indicator and agree on its basic definition, they may interpret its implications 

differently depending on professional backgrounds, local priorities, functional logic, and 

evaluative frameworks. Addressing semantic boundaries requires not just shared definitions but 

shared interpretation a process that must be actively constructed through dialogue. 

From the data 

Theme 3 provides the most direct empirical evidence of semantic boundaries in this study. 

Respondent A noted that early ambiguity about indicator meaning leads to misalignment later 

in decision processes pointing to a temporal dimension that is often overlooked in the theoretical 

treatment of semantic boundaries. Semantic divergence is not a static condition. It compounds 

over time as functions develop local interpretations of shared indicators without the cross-

functional dialogue that would bring those interpretations into alignment. The case of the 

circular business share KPI (Respondent J, Theme 3) illustrates both the difficulty and the 

necessity of addressing semantic boundaries explicitly. Extensive cross-functional negotiation 

was required before the indicator could serve as a usable common reference, and this investment 

of time, and leadership attention was not anticipated when the target was first introduced. 

Theoretical interpretation 

From a boundary object theory perspective, this negotiation process is not a sign of failure. It 

is precisely the kind of interpretive work that Akkerman and Bakker (2011) describe as 

necessary for shared artefacts to enable learning and knowledge integration across professional 

boundaries. The analytical point is that the boundary object function of sustainability indicators 

does not come pre-packaged with the indicator itself it must be constructed through sustained 

dialogue and negotiation. Organisations that treat sustainability indicators as self-explanatory 

are therefore systematically underinvesting in the social processes through which indicators 

actually become effective coordination tools. 

The binary scoring logic of the sustainability assessment tool further illustrates the limits of 

technical design as a response to semantic boundaries. A binary scoring framework can create 

structural comparability across functions by reducing the space of interpretive variation. What 

it cannot do is resolve the underlying differences in how different functions understand what 

circularity, reparability or recycled content mean in their specific product development 

contexts. Reducing interpretive space is not the same as building shared understanding, and the 

difference matters for how effectively the tool can support genuine cross-functional 

coordination rather than superficial compliance. 
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5.3.3 Pragmatic Knowledge Boundaries  

Pragmatic boundaries arise from conflicting interests and from the consequences associated 

with how knowledge is used across boundaries (Carlile, 2004). They are the most challenging 

boundary type because they cannot be resolved through definitional clarification or through 

dialogue alone. They require changes in the organisational condition’s incentives, governance 

structures, performance criteria that shape whose knowledge, and which interpretations are 

prioritised in decisions. 

From the data 

Theme 4 provides the most direct and theoretically consequential empirical evidence of 

pragmatic boundaries in this study. The consistent finding across Respondents A, B, C, F, K, 

and O is that financial logic dominates decision-making across functions, with sustainability 

indicators informing but rarely overriding outcomes. Respondent C's formulation the 

sustainability indicator informs the discussion, but it rarely overrides it (Themes 2 and 4) 

captures the pragmatic condition with precision, the indicator is present, and is consulted, but 

the decision environment assigns it a role subordinate to financial, and operational 

considerations. Respondent E's account of choosing air freight to avoid customer stock-outs 

(Theme 4) shows that even when the sustainability implication of a decision is clearly 

understood, the pragmatic logic of the decision context the asymmetry of consequences 

between a stock-out and an emissions increase overrides it. 

Theoretical interpretation 

These findings are consistent with  Hawkins et al. (2017) argument that boundary objects are 

embedded in power relations that shape which affordances are available to different actors and 

which uses of shared artefacts are enabled or constrained. The sustainability indicator does not 

fail because it is poorly designed or misunderstood. It fails because the organisational context 

assigns it a subordinate role in the hierarchy of decision criteria a structural position that no 

improvement in indicator design can change, because the problem is not in the indicator but in 

the governance environment within which the indicator is used. 

The finding that indicators gain influence when they coincide with business value (Respondents 

B, F, H, and I) reveals the structural precondition under which pragmatic boundaries are 

temporarily bridged, not when sustainability is valued in its own right, but when it aligns with 

already-dominant financial, and operational priorities. This is an important empirical nuance, 

the organisation is not indifferent to sustainability, and there are contexts where sustainability 

considerations do influence decisions. But those contexts are defined by the prior coincidence 

of sustainability and business value, not by a governance structure that gives sustainability 

independent weight. 
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5.3.4 Organisational Conditions Across All Three Boundary Levels 

Theme 5 documents a set of broader organisational conditions that operate across all three 

boundary levels and determine whether the boundary object function of indicators can be 

realised at all. Three conditions are particularly important. 

Translation gap 

For an indicator to function as a boundary object, it must be meaningful to local actors  (Star, 

2010). This requires translation from abstract group-level targets into function-specific criteria, 

routines, and decision tools that connect the strategic ambition to the practical choices that 

individuals in each function make. Theme 5 shows that this translation is inconsistent and often 

insufficient (Respondents C, D, G, I, J, K, and O), with the consequence that well-designed 

strategic indicators arrive at the operational level as abstract numbers that carry no specific 

guidance about what different functions should do differently. The translation gap is not 

primarily a communication problem it is a governance problem. It reflects the absence of 

structured processes through which corporate-level sustainability targets are disaggregated into 

function-level KPIs, criteria and routines that would make them actionable in practice. 

Data infrastructure 

An indicator that cannot be reliably accessed, compared, or traced across functions cannot 

function as a common reference point regardless of how well its definition is established. 

Theme 5 shows that sustainability data is often incomplete, infrequent, or siloed in disconnected 

systems that cannot be easily compared across functions (Respondents H, J, M, and O). This 

infrastructural gap limits the practical utility of indicators in cross-functional settings, because 

the conversations that might build shared understanding require a shared empirical basis access 

to the same data, presented in comparable form.  Luna-Reyes et al. (2021) argument about the 

importance of interpretable and meaningful performance information artefacts can therefore be 

specified more precisely. Interpretability requires accessibility, and accessibility requires data 

infrastructure of a kind that is currently insufficient for sustainability data in this organisation. 

Timing of sustainability integration 

Several respondents in Themes 3 and 4 described sustainability indicators entering decision 

processes after financial and operational criteria have already structured the available options 

(Respondents C, D, and N). This temporal dimension has received insufficient attention in the 

boundary object literature. Carlile's (2004) argument that knowledge must be transferred, 

translated, and transformed across boundaries implies that this transformation process requires 

temporal space within the decision sequence room for sustainability criteria to enter the 

conversation before the range of practical options has been narrowed. Late-stage introduction 

forecloses that space. When sustainability indicators are introduced after key parameters have 

been set, they can at best constrain the available options through compliance requirements and 

at worst create disruption without influencing the outcome, as Respondent N described. 
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5.3.5 Summary of RQ3 

The analysis demonstrates that sustainability and circularity PIs carry genuine potential as 

boundary objects in cross-functional product realisation, but that this potential was only 

partially, and conditionally realised in the studied large manufacturing organisation. Achieving 

even the modest form of lateral coordination that boundary object theory describes requires the 

following. At the syntactic level standardisation largely absent for circularity indicators, which 

lack the external definitional anchors that make environmental compliance indicators effective. 

Active semantic construction through dialogue present in some high-visibility contexts (such 

as the circular business share KPI process) but absent as a systematic organisational practice. 

Management of pragmatic trade-offs substantially constrained by the structural dominance of 

financial priorities in decision-making. 

The analysis further identifies temporal positioning as a fourth condition that complements 

Carlile's three boundary types. Indicators that are introduced too late in a decision process 

cannot function as boundary objects regardless of how well they satisfy the syntactic, semantic 

and pragmatic conditions, because the temporal space in which they could influence the 

decision has already been closed. Across all three boundary levels, the central finding is that 

the effectiveness of sustainability indicators as boundary objects depends less on their technical 

design than on the organisational conditions translation mechanisms, data infrastructure, 

timing, and the governance structures that determine the weight sustainability is given in 

decision criteria  that determine whether indicators can become meaningful in cross-functional 

practice. 
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6 Discussion 

This chapter reflects on what the findings and analysis mean for existing theory, for 

organisational practice, and for how this research was conducted. It does not restate the 

findings or repeat the analysis. Instead, it considers what is theoretically significant, what 

assumptions the study challenges, and what remains unresolved. 

6.1 Discussion of Main Findings in Relation to the Purpose  

The purpose of this study was to investigate how sustainability and circularity PIs are used 

within product realisation processes in one large manufacturing organisation and how they 

support cross-functional collaboration. In addition, the study aimed to analyse how such 

indicators may function as boundary objects to facilitate collaboration and knowledge 

integration across functional domains. The analysis in chapter 5 shows that the indicators 

documented in Chapter 4 did not function as one coherent measurement system across the 

organisation. Instead, the findings revealed substantial differences in maturity and integration 

between environmental, circularity, and social sustainability indicators. These differences were 

not only related to the technical design of the indicators themselves, but also to how different 

sustainability areas had developed historically, and organisationally within the company 

The most significant finding in relation to the purpose is that the effectiveness of sustainability 

and circularity PIs depended more on organisational governance structures than on the technical 

quality of the indicators themselves. Chapter 5 demonstrates this across all three research 

question. Environmental compliance indicators functioned more effectively across functions 

because their definitions were already standardised through external regulations. Circularity 

indicators were more difficult to use consistently across functions because shared definitions 

and standardised measurement approaches were still lacking. The findings showed that 

sustainability indicators often had limited influence in decision-making because financial and 

operational priorities continued to dominate across functions. 

This finding challenges a functionalist assumption that has been persistent in the performance 

measurement literature, namely that providing shared measurement tools produced 

coordination and improve outcomes (Cunha et al., 2023; Searcy, 2012). The empirical evidence 

from this study suggests that the relationship between measurement and coordination is 

substantially more complex and more contingent than this assumption allows. The findings 

suggest that indicators alone were insufficient to support coordination across functions. The 

sufficient conditions are governance-related and require changes to incentive structures, 

decision processes and the timing and integration of sustainability criteria that measurement 

tools alone cannot achieve. 

The gap between strategic ambition and operational practice documented throughout this study 

is consistent with patterns identified in prior research (Cunha et al., 2023; Searcy, 2012). What 

this study adds is a more precise and theoretically grounded explanation of why that gap 
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persists. It is not primarily a measurement problem but a governance and incentive problem. 

The findings suggest that organisations investing in sustainability indicators without addressing 

organisational routines and governance structures risk creating systems that support reporting 

more than operational decision-making. 

6.2 Theoretical implications 

These findings contribute to existing research in three main ways, related to boundary object 

theory, sustainability performance measurement, and organisational governance.  

Temporal positioning as a condition for boundary object function 

The finding that indicators introduced late in decision processes cannot function as effective 

boundary objects adds a dynamic dimension to boundary object theory that is largely absent 

from its current formulation. Star and Griesemer (1989) describe boundary objects as artefacts 

that maintain sufficient structure to be recognisable across communities of practice while 

remaining flexible enough to accommodate local use. Previous research has mainly focused on 

the characteristics of boundary objects rather than when they are introduced in decision-making 

processes. The present study suggests that temporal availability whether the boundary object is 

present early enough in a process to influence it is an equally important but undertheorised 

condition for boundary object function. 

This extension has practical implications for how organisations think about sustainability 

integration. Having well-designed sustainability indicators is not sufficient on its own. They 

must also be structurally embedded in processes at the point where decisions are still open to 

influence. Future theoretical work should examine how timing interacts with the syntactic, 

semantic and pragmatic conditions for boundary object function and whether temporal 

positioning constitutes a fourth boundary type or a meta-condition that shapes the effectiveness 

of all three.  

The implicit operational indicator category 

The findings further highlight how operational metrics such as inventory levels, excess stock 

and express delivery frequency carried sustainability implications without being formally 

recognised as sustainability indicators. Existing sustainability performance measurement 

research has primarily focused on formally designated sustainability KPI systems (Hristov et 

al., 2022; Searcy, 2012) while the role of operational metrics with indirect sustainability 

implications has received more limited attention. The findings therefore suggest that 

sustainability-related measurement may be embedded within everyday operational practices 

even when such metrics are not explicitly framed as sustainability indicators. 

Acknowledging this category has theoretical implications for how sustainability measurement 

is assessed and studied. Research that evaluates sustainability performance based on formal 

KPI systems may significantly underestimate both the actual scope of sustainability-relevant 

measurement in an organisation and the potential leverage points through which sustainability 
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performance can be improved. It also raises a theoretically interesting question about the 

relationship between intent and consequence in sustainability measurement. Can sustainability 

governance occur through metrics that were not designed as sustainability instruments and are 

not framed as such by the actors who use them? 

Structural barriers over cognitive ones 

The analysis demonstrates that the primary barriers to effective sustainability performance 

measurement in this study are structural rather than cognitive. Actors in the studied organisation 

generally understand sustainability indicators and their relevance to organisational decision-

making. What they report is not confusion about what sustainability means or why it matters, 

but an inability to give sustainability indicators priority in decision contexts where the 

organisational logic systematically assigns them a subordinate role. The findings suggest that 

the main challenge was not a lack of understanding, but rather how sustainability was prioritised 

within organisational governance structures.  

This finding extends Hawkins et al. (2017) argument about power and boundary objects to the 

sustainability performance measurement domain and provides a more precise characterisation 

of where the power asymmetry is located. It is not primarily a matter of interpersonal conflict 

or organisational politics. It is embedded in the incentive structures and performance criteria 

through which functions are evaluated and by which their work is made visible and valued. 

Changing the practical role of sustainability indicators in cross-functional decisions therefore 

requires changes to those structures and criteria a governance challenge that cannot be 

addressed through measurement improvement alone. 

6.3 Practical implications 

The findings of this study highlight several practical implications for manufacturing 

organisations working with sustainability and circularity PIs within cross-functional product 

realisation processes. While many large manufacturing organisations have introduced 

sustainability-related targets and indicators, the findings suggest that the challenges are not only 

technical or measurement-related. Instead, the findings indicate that the effectiveness of 

sustainability, and circularity PIs depends on how they are interpreted, understood, and used 

across organisational functions and embedded within everyday collaboration practices. 

The study further shows that sustainability and circularity PIs did not automatically create 

alignment between functions simply because they were introduced into organisation systems. 

Rather, their practical value depends on organisational conditions, interaction practices, and the 

extent to which indicators are integrated into decision-making processes across functions. 

Based on these findings, several practical implications can be identified. 
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Governance and incentive design 

The most persistent barrier identified in this study is the structural dominance of financial 

priorities in cross-functional decision-making a barrier that indicator design cannot address 

because it is located in the governance environment rather than in the measurement system. 

Sustainability criteria need to be formally integrated into the processes through which decisions 

are made and performance is evaluated: project evaluation and gating criteria, investment 

approval procedures, supplier selection frameworks, and the performance management 

processes through which functions, and their leaders are held accountable. Boards and senior 

leadership should treat the integration of sustainability criteria into governance and incentive 

structures as a prerequisite for indicator effectiveness, not as a consequence of it. Without this 

structural change, sustainability indicators will continue to inform decisions rather than shape 

them. 

Early integration of sustainability in product development 

The finding that sustainability indicators introduced late in project or sourcing processes have 

limited practical capacity to influence outcomes is directly actionable. Organisations should 

establish formal requirements for sustainability assessment at the earliest stages of product 

development before cost and technical parameters have constrained the available options. Gate 

criteria in product development processes should include sustainability performance thresholds 

that must be met, not merely sustainability inputs that must be consulted. The sustainability 

assessment tool is a step in this direction. Its adoption should be made mandatory rather than 

optional across all relevant product development programmes, and it should be complemented 

by a formal follow-up mechanism that connects assessment scores to portfolio-level 

sustainability reporting 

Co-development of circularity indicators 

The absence of agreed definitions and measurement methods for circularity is a structural 

barrier to cross-functional coordination that the organisation cannot resolve by waiting for 

external standardisation bodies to act. Organisations should invest in co-developing circularity 

indicators with the functions expected to use them a process that is valuable not only because 

it may produce more relevant indicators, but also because the co-development process itself 

creates structured cross-functional dialogue. The findings showed that shared understanding 

was strengthened when functions were involved early in discussions around sustainability 

indicators. Indicators developed together across functions are therefore more likely to be 

interpreted consistently in practice 

Integrating social sustainability into product realisation 

The finding that people-related sustainability indicators are systematically absent from product 

realisation processes despite formal TBL commitments should be treated as a governance 

failure rather than a measurement gap. The indicators exist within HR and governance 

frameworks. What is absent is the integration of those indicators into the decision processes, 
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criteria and accountability structures that govern product development, sourcing, and logistics. 

People-related sustainability criteria including supply chain labour conditions, occupational 

health implications of product design choices, and considerations related to the social 

sustainability of the products being developed should be integrated into the same decision 

frameworks that currently address environmental and circularity dimensions. 

6.4 Methodological limitations 

Several methodological limitations must be acknowledged, and it is important to be precise 

about what they limit, and what they do not. 

The single-case design is the most significant limitation in terms of the generalisability of the 

findings. The study's analytical claims are theoretically grounded interpretations of patterns 

observed in one large manufacturing organisation at one point in time not statistical 

generalisations about all manufacturing organisations or all types of sustainability indicators. 

The appropriate response to this limitation is theoretical replication: examining whether the 

patterns and mechanisms identified in this study appear in other organisational settings and 

under different conditions. The case was selected because it represents an organisation that is 

actively engaged with sustainability integration and has the resources to invest in measurement 

infrastructure. Organisations at earlier stages of sustainability maturity may exhibit different 

patterns. 

The reliance on semi-structured interview data introduces a specific form of potential bias: 

respondents may have described how they believe sustainability indicators should function, or 

how they prefer to be seen to use them, rather than how they actually use them in specific 

instances. The member-checking procedure, in which summary interpretations were shared 

with respondents for validation, partly mitigates this risk. However, it cannot substitute for 

observational research, or for analysis of actual decision records, both of which would add an 

important empirical dimension that the current study cannot provide. 

The document studies were limited by confidentiality requirements, and relevant internal 

governance documents, operational decision tools, or sustainability dashboard systems may 

exist that were not accessible to the researchers. The picture of formal sustainability integration 

presented here is therefore based on the documents that were made available and may not fully 

represent the breadth of the organisation's sustainability measurement infrastructure. 

Finally, the approximately twenty-week timeframe of the study means that the findings 

represent a snapshot of a rapidly evolving situation. The regulatory landscape for sustainability 

reporting and disclosure is changing significantly, with developments such as the Corporate 

Sustainability Reporting Directive (CSRD) and emerging mandatory due diligence 

requirements likely to alter the organisational conditions for sustainability measurement in 

ways that may change both the incentive environment and the standardisation landscape for 

circularity indicators in the coming years. Longitudinal research would be needed to track how 

the patterns documented here evolve in response to these external pressures. 



Chapter 7 – Concluding remarks 

 

69 
 

7 Concluding remarks 

This chapter presents the conclusions of the study and identifies directions for future research. 

The conclusions are written as direct responses to the three research questions, stating what 

the study has established rather than summarising what previous chapters have described. 

7.1 Conclusions 

This study set out to investigate how sustainability and circularity PIs are used within industrial 

product realisation in one large manufacturing organisation, how they support cross-functional 

collaboration practices, and how they may function as boundary objects to facilitate 

collaboration, and knowledge integration across functional domains. 

In response to RQ1, the study establishes that the studied large manufacturing organisation did 

not operate with a coherent sustainability performance measurement system. Instead, they 

operate with an uneven ecology of indicators that spans formal strategic targets, implicit 

operational metrics, compliance requirements, and emerging circularity frameworks at very 

different levels of maturity and organisational integration. Environmental indicators have 

achieved sufficient standardisation through external regulatory anchoring to function as shared 

reference points across functions. Circularity indicators have not achieved this stability. They 

lack the syntactic grounding that would enable them to serve as effective coordination tools, 

and this deficit is a structural feature of the external measurement landscape. The absence of 

agreed external standards is not an organisational oversight that can be corrected through 

internal measurement design.  

People-related sustainability indicators are not absent from the organisation. They exist in HR 

governance frameworks and are monitored within people management processes. What they 

are absent from is product realisation the processes, decisions and measurement systems that 

govern what gets made, how it is sourced, and how it is delivered. This constitutes a governance 

gap rather than a measurement gap, and it is directly inconsistent with the formal TBL 

commitments expressed in the organisation's governance documents. 

In response to RQ2, the study establishes that sustainability and circularity PIs support cross-

functional collaboration in specific and conditional ways enabling follow-up and accountability 

at aggregated organisational levels, providing shared reference points in meetings, and joint 

discussions, structuring supplier relationships, and evaluation processes, and supporting 

compliance-driven decision criteria in sourcing, and product development. What they do not 

do, under the conditions documented in this study, is drive cross-functional collaboration, or 

override the financial and operational priorities that dominate most decision contexts. 

Collaboration is structured by task interdependence, project requirements, and organisational 

routines. Indicators operate within those structures and cannot substitute for them. 

This finding has a direct implication for how organisations think about the relationship between 

performance measurement investment and collaboration outcomes: the two are complements, 



Chapter 7 – Concluding remarks 

 

70 
 

not substitutes. Investing in better sustainability measurement tools does not produce better 

cross-functional collaboration if the organisational structures, incentives, and governance 

processes through which collaboration is shaped remain unchanged. 

In response to RQ3, the study establishes that the boundary object function of sustainability, 

and circularity PIs is theoretically plausible and empirically present in selected contexts most 

clearly where environmental compliance indicators provide shared go/no-go reference points 

across technical, purchasing, and compliance functions, and where high-visibility strategic 

targets have been defined through sustained cross-functional negotiation. The boundary object 

function is, however, structurally constrained in ways that prevent it from being the dominant 

mode of indicator use across the organisation. 

The constraints operate at the syntactic level through the fragmentation and inconsistency of 

circularity indicator definitions, which lack the external anchoring that makes environmental 

compliance indicators syntactically stable. At the semantic level through the absence of 

systematic cross-functional dialogue processes that would build shared interpretation of what 

shared indicators mean. At the pragmatic level through the embedding of sustainability 

indicators in decision environments where financial priorities systematically dominate and 

sustainability considerations are structurally subordinate. 

The study further identifies temporal positioning as a fourth condition complementing Carlile's 

(2002, 2004) three boundary types: indicators that arrive too late in a decision process after the 

practical range of options has been constrained by prior financial and operational decisions 

cannot function as boundary objects regardless of how well they satisfy the syntactic, semantic, 

and pragmatic conditions. This temporal dimension is under theorised in the existing boundary 

object literature and represents a contribution that future theoretical work should address. 

Overarching conclusion 

The effectiveness of sustainability and circularity performance indicators in the studied cross-

functional manufacturing contexts is determined more by organisational governance than by 

measurement design. Measurement without governance is documentation. Governance without 

measurement is aspiration. The integration of the two which this study demonstrates is currently 

incomplete in the studied organisation and, given the structural patterns identified, likely 

incomplete in many comparable organisations is what would make sustainability and circularity 

performance indicators genuinely consequential in cross-functional product realisation. This 

integration requires not only investment in measurement infrastructure but simultaneous 

investment in the governance structures, incentive designs and decision processes that 

determine what role sustainability criteria are permitted to play. 
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7.2 Future research 

The findings point to five directions for future research, each addressing a specific gap that this 

study has identified but cannot fill. First, longitudinal research is needed to examine how the 

role of sustainability, and circularity indicators in cross-functional practice changes over time, 

particularly in response to emerging regulatory requirements such as the CSRD, and mandatory 

supply chain due diligence legislation. The current study provides a snapshot of one large 

manufacturing organisation at a specific stage of sustainability maturity and regulatory context. 

Tracking how the patterns documented here evolve in response to changing external pressures 

would provide important insights into the dynamics of sustainability measurement adoption. 

Second, comparative case study research across large manufacturing organisations at different 

stages of sustainability maturity, in different industry contexts, and under different regulatory 

regimes. This would enable assessment of which findings from this study reflect broader 

structural patterns and which are specific to the studied organisation and its context. Research 

comparing organisations where sustainability criteria have achieved primary decision status 

with those where they remain secondary as in the present case would be particularly valuable 

for understanding the governance conditions that enable the shift. 

Third, research specifically focused on the implicit operational indicator category is warranted. 

This category metrics designed for efficiency, cost, or quality purposes that carry sustainability 

implications as a side effect emerged as theoretically significant in this study but has received 

almost no systematic attention in the existing literature on sustainability performance 

measurement. Future research should examine how prevalent this category is across different 

types of manufacturing organisations, whether the sustainability implications of these metrics 

are recognised by the actors who use them, and whether formally designating them as 

sustainability indicators would improve sustainability governance or create unintended 

complications. 

Fourth, the mechanisms through which pragmatic knowledge boundaries around sustainability 

can be bridged in manufacturing organisations require dedicated theoretical and empirical 

investigation. Research on organisations where sustainability has achieved primary rather than 

secondary decision status and, on the governance, incentive, and leadership conditions that 

enabled this transition would provide actionable knowledge for organisations seeking to change 

the structural conditions governing their own sustainability indicator use. The present study can 

identify the barriers, though it cannot describe the path through them. 

Fifth, the conditions under which people-related sustainability dimensions can be integrated 

into product realisation measurement systems in forms that are meaningful for product 

development, sourcing, and operational decisions rather than remaining confined to governance 

and HR frameworks are not well understood. Given the formal TBL commitments that most 

large manufacturing organisations maintain and the growing regulatory attention to social 

sustainability in supply chains, developing that understanding would have significant 

implications for both theory and practice in sustainability performance measurement. 
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9 Appendices 

9.1 Appendix A  

Interview Guide 1 – English version 
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9.2 Appendix B  

Interview Guide 2 – Swedish Version 
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9.3 Appendix C 
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