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An integrated sustainability performance assessment tool for civil 

engineering projects with a small spatial scale - an action design 

research approach 
Susan Groenia 

Abstract 
Sustainability is becoming more important in the design of the public space and in the civil 

engineering sector. The usage of sustainability assessment (SA) tools is important for addressing, 

managing, and improving the project sustainability performance of civil engineering projects of 

municipalities. However, the major drawback of most SA tools is that they perform an ex-post 

assessment on the project, while there is a greater need for SA tools which assist the decision-making 

to increase the project sustainability performance. Especially for projects with a small spatial scale ,  a 

solution is needed to overcome the main barriers of municipalities and companies in the civil 

engineering sector.  

In this study, the cycles of the elaborated Action Design Research (ADR) method were performed in 

cooperation with an organisation in the civil engineering sector, to develop and evaluate an 

integrated sustainability performance assessment (ISPA) tool for civil engineering projects with a 

small spatial scale in the Netherlands. The prototype ISPA tool integrates the three dimensions of 

sustainability with the key sustainability themes for municipalities, and the tool assists in the 

decision-making process, by directing and aligning the project decisions and activities throughout the 

whole project process. In this way, the developed prototype ISPA tool is a comprehensive solution 

for the fragmentation of the project process and to the inclusion of sustainability performance 

objectives which are relevant for both municipalities and companies in the civil engineering sector.  

Next to the prototype ISPA tool itself, this research also describes the problem context and the 

application domain of the tool, the design principles for the development of the tool, the user 

feedback of multiple user groups and the recommendations for further improvement. Ultimately, 

this study advances previous SA research and the development SA tools in the civil engineering field.  

1. Introduction 
Sustainability is becoming more important in the design of the public space and in the civil 

engineering sector. Both public and private parties in the sector are increasingly concerned about the 

impact of construction projects on the environment, society, and the economy (Rodríguez López & 

Fernández Sánchez, 2011). However, the adaptation of a sustainable development perspective  goes 

slow in the sector (Griffiths et al., 2018; World Economic Forum, 2016). Sustainable development is 

broadly defined as ‘’the development that meets the needs of the present without compromising the 

ability of the future generations to meet their own needs’’ (World Commission on Environment and 

Development, 1987, p. 16). Within large scale infrastructure and civil engineering projects different 

enablers are applied to foster sustainable development, such as the usage of integrated contracts, 

green procurement, and sustainability rating- and certification tools (Lenferink et al., 2013). 

However, for small scale civil engineering projects, traditional tendering criteria are often used as 

regular commissioning procedure, and sustainability criteria are excluded from the project (Rincón et 

al., 2021). This is a problem for achieving a better project sustainability performance for small scale 

civil engineering projects in the Netherlands, which are mostly led by municipalities. 

To improve the project sustainability performance of these projects, both municipalities and 

companies in the civil engineering sector have to overcome their main barriers. The major barriers in 

the sector are the multidisciplinary nature of ‘’sustainability’’ and the lack of standardised directives, 
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definitions and criteria for project sustainability inclusion (Munyasya & Chileshe, 2018; Rincón et al., 

2021). Moreover, the fragmentation of the project process, where project decisions and activities are  

siloed and poorly coordinated, is a problem in the construction sector for achieving sustainability 

performance objectives (Hai et al., 2012; Shen et al., 2007). This fragmentation of the project process 

in combination with the lack of directives for project sustainability inclusion, leads to late inclusion of  

sustainability objectives and ineffective decision making during the project process (Rincón et al., 

2021). As a result, improving the project sustainability performance of small scale civil engineering 

projects, is a complex challenge for both municipalities and companies in the sector. 

1.1. Research context 
In this research, the above-described barriers and challenges are perceived and experienced by a 

regional civil engineering and consultancy company in the Netherlands. This organisation mainly 

performs projects where they assist the municipalities in the early planning and design stages of a 

project. In these stages, many decisions have to be made, which also (in)directly influence the 

inclusion of sustainability performance objectives and the project sustainability performance. 

According to the organisation, the major challenge is to assist the decision-making process actively 

and systematically, in such a way that measurable sustainability performance objectives are set, 

managed and obtained throughout the whole project process.  

A possible solution for the projects of municipalities to enable project sustainability inclusion, could 

be the usage of a sustainability assessment (SA). Sustainability assessment (SA) can broadly be 

defined as ‘’any process that directs decision-making towards sustainability’’ (Bond et al., 2012, p. 

53). However, the SA tools which are currently used in the civil engineering sector do not fulfil the 

needs of municipalities and companies in the sector. A major problem of most SA tools is that they 

perform an ex-post assessment on the project (Bueno et al., 2015; Griffiths et al., 2018), which is too 

late to substantially improve the project sustainability performance. Therefore, it is needed to assist 

the decision-making process and align the project decisions and activities of the different project 

phases for project sustainability inclusion. 

1.2. Research objective and scope 
At present, there is no SA tool or other solution which is focussed on assisting the decision-making 

process for sustainability inclusion and improving the sustainability performance of civil engineering 

projects with a small spatial scale of municipalities. Especially, for these type projects of 

municipalities, the usage of sustainability certification- and rating tools and/or the usage of 

integrated contracts is often not feasible. Sustainability certification- and rating tools are not 

attractive for small scale projects since these tools are mostly designed for large scale projects,  they 

require a high time investment and the certification costs are often too high for a limited project 

budget (Munyasya & Chileshe, 2018). Integrated contracts put a substantial risk on the main 

contractor, which is often not feasible for the smaller projects where the margins are very low 

(Lenderink et al., 2022; Lenferink et al., 2013). Therefore, the development of a new tool is needed, 

since ‘’the imposition of assessment processes in context for which they were not designed has been 

found problematic in the past’’ (Bond et al., 2012, p. 60). The research objective is: 

Explore how municipalities can address, manage and improve the project 

sustainability performance of their civil engineering projects, by developing and 

evaluating an integrated sustainability performance assessment tool for civil 

engineering projects with a small spatial scale in the Netherlands. 
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The terms ‘’sustainability’’ and ‘’integrated’’ can have different meanings, so these terms are further 

defined. To make the term ‘’sustainability’’ more manageable, the well-established three dimensions 

of sustainability - environment, economy and society - are adopted (Sala et al., 2015). The 

‘’integrated‘’ assessment should be more than the sum of separate sustainability themes, by also 

requiring the identification of interlinkages and the co-benefits of interventions (Pope et al., 2004). 

Furthermore, the assessment should be integrated with the decision-making process, by providing 

directives for project sustainability inclusion and requiring the decision makers of the different 

project phases to align their project decisions and activities. These two integration approaches are 

adopted from Scrase & Sheate (2002), which categorize these two approaches as (1) ‘’the integration 

among assessment tools’’ and (2) ‘’the integration of the assessment into governance ’’.  

To accomplish the research objective and to produce a contribution that is relevant for both practice  

and research, the cycles of the elaborated Action Design Research (ADR) of Mullarkey & Hevner 

(2019) were performed, in cooperation with an organisation. The research scope is limited to small 

scale civil engineering projects of municipalities, which are mainly situated within the built 

environment of the municipality or new-build neighbourhoods. These projects are often complex, 

due to the limited space and the large amount of sustainability ambitions and requirements which 

must fit in. 

The rest of the paper is structured as follows. Section 2 discusses the relevant literature on SA tools.  

Section 3 presents the research methodology detailing the ADR approach. Section 4 explains the 

problem context and the relevance of the proposed solution. The proposed ISPA tool is presented in 

Section 5 and evaluated in Section 6. Suggestions for further improvement of the prototype ISPA tool 

are provided in Section 7. Section 8 discusses the theoretical and practical contributions of this study, 

acknowledges research limitations, and suggests future research directions. 

2. Theoretical background 
To assess the sustainability performance, a sustainability assessment tool is often used. Sustainability 

assessment (SA) can, more specific, be defined as ‘’a methodology that can help decision-makers and 

policy-makers decide what actions they should take and should not take in an attempt to make 

society more sustainable“ (Devuyst, 2001, p. 9). Therefore, SAs are one of the most complex types of  

appraisal methodologies, according to Sala et al (2015). SAs entail multidisciplinary aspects, as well as 

cultural and value-based elements. Performing SAs requires both integrating sustainability principles, 

objectives and targets in the evaluation and moving towards a more solution-oriented, holistic, and 

participatory approach (Sala et al., 2015). At present, there is not yet an SA tool in the civil 

engineering sector, which has adopted this approach. This is substantiated by describing the current 

SA tools in civil engineering sector and by explaining the critique on these tools. 

2.1. Current SA tools in the civil engineering sector 
Sustainability assessment tools can be categorized into three categories (Ness et al., 2007). These are  

(1) (non-)integrated indicators, (2) product-related assessments and (3) integrated assessments. The 

overarching category of ‘’monetary valuation’’ contains tools which are not SA tools themselves, but 

which ‘’assist other tools when monetary values are needed for goods and services not found in the 

marketplace’’ (Ness et al., 2007, p. 505). Indicators are simple measures, which represent a state of 

economic, social and/or environmental development (Ness et al., 2007). Examples of integrated 

indicators are the Gross Domestic Product (GDP) and the Ecological Footprint. Indicators  are often 

used to track long-term sustainability trends at the national level, which makes them very suitable 

for policymaking, but less suitable for civil engineering projects.  
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The usage of product related SAs and the monetary valuation tools are the most common in the 

construction industry. The product-related assessment is focused on the environmental aspects of 

sustainability by evaluating the impact of products over their life cycle or along the production chain 

(Ness et al., 2007). Typical examples of a product-related assessments are the Life Cycle Assessment 

(LCA) and the Product Energy Analysis (PEA), which are often used to assess the environmental 

impact or the required energy for the production and use of construction materials. When the total 

costs of a product are discounted over its lifetime, it also becomes a monetary evaluation tool such 

as the Life Cycle Costs Analysis (LCCA). Furthermore, the Cost-Benefit Analysis (CBA) is often used in 

the civil engineering sector to evaluate project proposals by weighing the costs against the expected 

benefits of the project.  

The integrated SA tools can provide a systematic and comprehensive approach to address and assess 

sustainability in civil engineering projects (Griffiths et al., 2018; Ness et al., 2007). The building, 

infrastructure and urban SA certification and rating tools clearly state their sustainability targets with 

sustainability criteria, which makes sustainability measurable and manageable (Berardi, 2012; Bueno 

et al., 2015; Griffiths et al., 2018). The development and usage of integrated SA tools in the civil 

engineering sector, was started by the building industry (Ameen et al., 2015; Berardi, 2012; Sharifi & 

Murayama, 2013). Well-known building and construction SA tools are BREEAM, LEED, CASBEE and 

SBTool. Next to the integrated SAs for buildings, the scope has recently expanded towards urban and 

infrastructure sustainability certification and rating tools. Urban SA tools are specifically developed 

for the assessment of the urban design for cities and neighbourhoods (Ameen et al., 2015). Well-

known urban SA tools are spin-offs from the building SA tools, such as BREEAM Communities, LEED-

ND (neighbourhood development) and CASBEE-UD (urban development). The usage and research of  

SA tools for buildings highlighted ‘’the lack of similar tools for infrastructures beyond buildings’’ 

(Griffiths et al., 2018, p. 2). This led to the development of multiple infrastructure SA tools such as 

CEEQUAL and Envision, and transport SA tools such as Greenroads, BE2ST-in-Highways and INVEST 

(Bueno et al., 2015; Griffiths et al., 2018; Mattinzioli et al., 2020). 

Despite of the development and usage of multiple types of SA tools, the current sustainability 

practices in the construction sector mainly focus on construction materials, transportation, and 

energy, waste and water management (Boz et al., 2015; Kaur & Garg, 2019). The integrated SA tools 

provide a more comprehensive approach, but they also have drawbacks and limitations.  

2.2. Critique of current SA tools in the civil engineering sector 
The SA tools which are currently used in the civil engineering sector do not fulfil the needs of 

municipalities and companies in the civil engineering sector for addressing and improving the project 

sustainability performance of small scale civil engineering projects. Moreover, performing integrated 

SAs requires both integrating sustainability principles, goals and targets in the assessment and 

moving towards a more solution-oriented, holistic, and participatory approach (Sala et al., 2015). 

Currently, there is not an SA tool in the civil engineering sector, which considers the needs of 

municipalities, and which has adopted these approaches.  

The integrated SA tools are suitable to address, manage and improve the sustainability performance 

of the project to a certain extend. The sustainability criteria of these tools provide an overview of 

how sustainability can be addressed in the project, and they make sustainability manageable and 

measurable. However, the mandatory requirements and rating thresholds of the integrated SA tools  

also create a checklist approach, instead of a solution-oriented approach. A solution-oriented 

approach should entail a proactive, ex-ante process focussed on improving and maximizing the 

sustainability performance of a project, within the boundaries of the project. However, the checklist 

approach of integrated SA tools often results in a tendency to ‘’point chase’’ and to ‘’minimize 
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unsustainability’’, rather than promoting an integrated design strategy for a better sustainability 

project performance (Griffiths et al., 2018, p. 3). Furthermore, the SA tools cannot easily be adapted 

to the project type, size, phase, and other characteristics, without losing the value of the tool.  

The integrated SA tools seem to perform the assessment with a holistic approach, since they 

consider interactions between systems and interdependencies between the dimensions of 

sustainability (Kaur & Garg, 2019). However, the critical reviews of multiple authors such as Ameen 

et al (2015), Bueno et al  (2015), Kaur & Garg (2019) and Sharifi & Murayama (2013), show that 

integrated SA tools also have multiple drawbacks. The tools mainly focus on the environmental and 

social dimension, while the economic and the institutional dimension are underrepresented (Ameen 

et al., 2015; Mattinzioli et al., 2020). Especially, the institutional dimension is important to 

incorporate in the SA of civil engineering projects. The local governments, which are often the client 

in these projects, are organised in a different way compared to private companies such as project 

developers. However, this importance of the institutional setting is not reflected in the urban SA 

tools (Kaur & Garg, 2019; Sharifi & Murayama, 2013). Other relevant elements such as innovation, 

technology, cultural elements, and the local context are also not, or very limited, included in the 

urban SA tools (Ameen et al., 2015; Kaur & Garg, 2019; Sharifi & Murayama, 2013).  

The broad participation of stakeholders throughout the whole project process is not directly required 

or promoted in the integrated SA tools. The SA tools perform an ex-post assessment on the project,  

which makes these tools less suitable for the early involvement of the stakeholders in the decision-

making process, and to gain commitment of the stakeholders across the assessment procedure  

(Griffiths et al., 2018). Furthermore, the assessments of the SA tools are mostly focused on the 

design and construction stages, rather than the whole project process (Bueno et al., 2015).  

The current well-known SA tools for buildings, infrastructure and urban development projects do not 

fulfil the needs of municipalities and companies in the civil engineering sector for addressing and 

improving the project sustainability performance of small scale civil engineering projects. The 

integrated SA tools mainly provide an ex-post assessment of the environmental and social 

sustainability of a project with a standard set of criteria, which does not (1) allow for adaptation and 

optimalization of the sustainability performance to the project characteristics,  (2) includes a well-

balanced composition of all relevant sustainability dimensions and elements, and (3) promote early 

stakeholder involvement and broad participation during the whole project process. In summary, a 

more solution-oriented, holistic, and participatory approach is needed.  

3. Research Methodology  
The research objective is to develop and evaluate an integrated sustainability performance 

assessment (ISPA) tool for civil engineering projects within the Netherlands. The ISPA tool is the 

artefact of this design science research (DSR). Design science is used for the development and 

evaluation of artifacts (Hevner et al., 2004). An artifact is a solution to a field problem, where the 

goal of the artifact is to improve the problem context (Wieringa, 2014).  

For deriving design knowledge in this study, the elaborated Action Design Research (ADR) method of  

Mullarkey & Hevner (2019) is adopted. The elaborated ADR method of Mullarkey & Hevner (2019)  is 

based on the ADR concepts and principles presented in the seminal paper of Sein et al (2011). The 

elaborated ADR approach unpacks the building-intervention-evaluation (BIE) cycle from Sein et al 

(2011) into the separate design, implementation, and evolution stages. This separation of the process 

stages provides more structure to the development process of an artifact.  
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The elaborated ADR method consist of four stages - Diagnosis, Design, Implementation and Evolution 

- which allows for multiple iterations to revise and refine the design of the artefact. First, the ADR 

project setting and the artefact development process are briefly explained. In the second section the 

research activities, methods and outputs are explained per ADR stage.  

3.1. The ADR project setting 
The ADR method fits best to this research, because the proposed ISPA tool is developed in 

cooperation with a single organisation (Venable et al., 2017). The organisation in this ADR study is a 

consultancy and engineering firm within the civil engineering sector, which mainly performs projects 

commissioned by municipalities. Currently, the organisation can support the municipalities with their 

knowledge on sustainability, BREEAM assessments and experiences of previous projects, but this is 

not sufficient for systematically addressing and incorporating sustainability. Therefore, the 

organisation would like to have a practical solution that assists the decision-making process for the 

sustainability inclusion in all types of small scale projects of municipalities. 

The ADR team consisted of the researcher and an expert team of the organisation (Figure 1). The 

expert team consisted of two project managers, the advisor on sustainable area development and 

the owner of the company. The municipalities were considered to be the end-users of the ISPA tool.  

As represented in Figure 1, the artefact is mainly designed by the researcher and tested by the expert 

team and the municipalities in multiple iterative Design and Implementation cycles. 

 

Figure 1: The ADR team and the artefact development process. The artefact development process is in line with the 
Diagnosis, Design and Implementation cycles of the elaborated ADR method (Mullarkey & Hevner, 2019) and with the DK 

model (vom Brocke et al., 2020). The figure itself is adopted from Sein et al (2011, p. 42). 

The research activities and the artefact development process are further explained per ADR stage in 

the next section.  

3.2. The ADR stages and activities 
The ADR stages and the output of each stage in this research are presented in Figure 2. Per ADR 

stage, the data collection methods and activities are explained in this section. An elaborate 

description of all research activities and methods can be found in Table 4 in Appendix A. For this DSR 

study, the methods and activities were chosen and balanced in such a way that information is 

derived from both the knowledge base and from the application domain (Hevner, 2007; Hevner et 

al., 2004).  
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Figure 2: Elaborated ADR methodology and research outputs per ADR stage. Based on Mullarkey & Hevner (2019). 

3.2.1. Diagnosis 
The ADR project started with the Diagnosis stage, where the problem space and the objectives of the 

ADR project were further investigated. The problem space entails two elements, namely (1) the 

problem context and (2) the acceptance criteria for the design solution, according to the design 

knowledge model of vom Brock et al (2020, p. 522). In this study, the problem context of the 

municipalities and the companies in the civil engineering sector were investigated. The acceptance 

criteria for the design solution were specified in a sustainability and design framework (SDF).  

Problem context 
A literature review on sustainable development policy in the Netherlands was conducted to describe 

the problem context of the municipalities. To investigate the problem context of the companies in 

the civil engineering sector, data was collected from both literature and practice. A literature review 

was conducted to identify the main barriers and enables for implementing sustainability objectives 

and solutions. The experiences from practice were collected by conducting semi-structured 

interviews with the project managers on five different completed civil engineering projects of the 

organisation. The findings, from literature and practice, were combined to describe the problem 

context of the companies in the civil engineering sector. 

Sustainability & design framework (SDF) 
The ISPA tool is the design solution of this study. An expert opinion workshop, with the expert team 

of the organisation, was conducted to define the acceptance criteria for the design solution. When 

describing the solution acceptance criteria for the problem, the design requirements for satisfactory 

solutions ‘’should include a rich mix of objectives from the categories of technology, information 

quality, human interaction and societal needs’’ (vom Brocke et al., 2020, p. 522). The design solutions 

of most DSR studies are IT-artefacts, and their solution acceptance criteria are often described with 

objectives and/or requirements. However, since the solution of this ADR study is a SA tool, the 

standard DSR methodology was complemented with the SA framework of Sala et al (2015) in this 

study. This SA framework is more specifically developed for SAs, by supporting SA researchers and 

practitioners to ‘’follow logical, consistent procedural steps’’ (Sala et al., 2015, p. 317). The first steps 

of the SA procedure are to define (1) the sustainability values and principles, (2) the sustainability 

objectives, and (3) the decision context of the assessment. Especially, the sustainability values and 

principles are important since they define the sustainability framework of an assessment, and they 

are ‘’crucial for ensuring credibility and robustness of the SA method’’ (Sala et al., 2015, p. 318). 
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Therefore, the solution acceptance criteria of the ISPA tool are defined in a sustainability and design 

framework (SDF).  

The SDF consists of four aspects, namely (1) the sustainability values and principles of the 

organisation, (2) the decision context, (3) the objectives, and (4) the requirements of the new ISPA 

tool. These aspects are in line with the SA framework (Sala et al., 2015), the elaborated ADR method 

(Mullarkey & Hevner, 2019) and the Design Knowledge (DK) model (vom Brocke et al., 2020). The SDF 

was drafted by the expert team of the organisation within an expert opinion workshop. In this 

workshop, each aspect of the SDF was addressed with a question by the researcher, and for each 

question the expert team had to (1) individually produce ideas and/or answers, (2) present the ideas 

one-by-one, (3) discuss all ideas and (4) couple and prioritize the ideas with the whole group. The 

questions were formulated, based on the four aspects of the SDF, as follows: 

• What are the sustainability values and principles of the organisation? 

• What are the objectives of the ISPA tool? 

• What are the mandatory, essential, nice-to-have and not essential yet requirements of the 

ISPA tool? (see also MoSCoW method, Appendix A) 

• What are the (possible) sustainability impacts and indicators of interest? [decision context] 

• What should be the complexity/uncertainty ratio of the ISPA tool? [decision context] 

The coupled and prioritized answers of the expert team were combined and connected by the 

researcher into an SDF for the design of the prototype ISPA tool. The results of the Diagnosis stage 

are the problem context and the SDF, which describe the relevance of the proposed solution, 

increase the understanding of the application domain and describe the solution acceptance criteria 

for the design and development of the tool in the Design stage (Figure 1). 

3.2.2. Design 
The prototype ISPA tool was developed in the Design stage. The basis of the design and development 

of the ISPA tool, are the design principles and features. The tool was developed by following the 

general guidelines for constructing scoring rubrics, and with input and ideas of the expert team. The 

prototype of the ISPA tool was revised and refined in two iterations (Figure 1). 

Design principles and features 
Design principles prescribe ‘’what and how to build an artifact to achieve a predefined design goal’’ 

(Chandra et al., 2015, p. 4040). These principles are considered to be the prescriptive knowledge of 

DSR projects (Chandra et al., 2015), so they can be used to guide the design of other artefacts in 

similar problem domains. Design principles are fundamental and are mostly used to make design 

choices, and to select design features. These design features describe the artefact characteristics, 

with detailed design and technical descriptions (Bilgeri & Zurich, 2019). Therefore, design features 

close the gap in the artefact development process from design principles into an actual artefact 

(Meth et al., 2015). The design features can be instantiated into a concrete artefact. The usage of 

design principles and design features is common in ADR and DSR projects, since they guide the 

design process and provide traceability in design choices (Bilgeri & Zurich, 2019; Pan et al., 2020; 

Schoormann et al., 2021). 

For this ADR project, the design principles were derived from the SDF (see also Figure 7 in Appendix  

C). The SDF describes the acceptance criteria for the design solution of the expert team, but these 

general criteria are not formulated in a specific, structured manner and the SDF does not includes the 

problem context of the municipalities. Moreover, there is a trade-off for every SA developer between 

addressing science-based, sustainability principles and providing a SA tool that is understood by and 
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accessible to practitioners (Bartke & Schwarze, 2015). Therefore, design principles were formulated 

at the beginning of the design stage, to provide a comprehensive, balanced, and structured basis for 

the development of the prototype ISPA tool.  

The design principles were formulated according to the structure of Chandra et al (2015) for design 

principles, which consists of (1) material property, (2) activity of users and (3) boundary conditions. 

The template of the design principles is demonstrated as follows:  

 

 

 

The material properties define how the artifact should be designed in terms of form and function. 

Therefore, the material properties of each design principle were further specificized in design 

features. These design features were instantiated into the prototype ISPA tool, and they were revised 

and refined during the development process of the prototype ISPA tool. 

Prototype ISPA tool development 
The prototype ISPA tool is based on the design principles and was developed by following the general 

guidelines for constructing scoring rubrics (Roell, 2019; Stevens & Levi, 2013). The rubric 

development steps are: (1) determine performance objectives, (2) chose a rubric type, (3) determine 

dimensions and criteria - rows, (4) create performance levels - columns, and (5) create descriptions 

for the criteria along the performance levels - cells. An extra step was added to provide a final score: 

(6) create a final score overview. 

The rubric format was chosen since it fits to the design principles, and it (1) provides transparency, 

(2) defines the things that matter, (3) defines what different levels of performance look like, (4) 

integrates expectations, policy, data sources and evidence, and (5) keeps the evaluation focused on 

the things that matter (King et al., 2013). These benefits apply the most to the analytic rubric type, 

which is a standard grid rubric. Due to this grid with specific descriptions, the analytical rubric is 

suitable for complex assignments, and for providing feedback on areas of strengths and weakness. 

Holistic rubrics have a single rating scale, which makes them more suitable for quickly providing 

general feedback, but which makes their reliability also very dependent on the assessor (Galti et al. ,  

2018; Jonsson & Svingby, 2007). Therefore, the analytic rubric type was chosen for the ISPA tool.  

Throughout the design and development process of the prototype ISPA tool,  multiple design 

feedback sessions were organised to collect input and ideas of the expert team. In these sessions, a 

conceptual, intermediate version of the prototype ISPA tool was presented by the researcher. The 

expert team was asked to provide input and ideas on major design issues, viable solutions and 

decisions, and were asked to fill in knowledge gaps of the researcher on the application domain.  

The intermediate and final result of the Diagnosis stage is the prototype ISPA tool. In the 

Implementation stage the prototype ISPA tool is demonstrated and evaluated to receive feedback of  

multiple users and to validate the tool. The final prototype ISPA tool is a performance assessment 

rubric, formatted in a spreadsheet and supported by a manual.  

3.2.3. Implementation 

In the Implementation stage, the prototype ISPA tool is demonstrated and evaluated within the 

organisation and together with municipalities to ensure both internal and external validity.  The 

prototype ISPA tool was first tested by the expert team, and thereafter by the municipalities and the 

Provide features which [material property – in terms of form and function], so 

that the ISPA tool can afford users to [activity of users – in terms of action], for 

[boundary conditions – user group’s characteristics or implementation settings] 
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expert team (Figure 1). Hence, the prototype ISPA tool is not fully implemented in such a way as 

known with IT-artefacts in DSR projects, but evaluated with test sessions. With the test sessions the 

user feedback is collected via tool reviews, semi-structured interviews and the User Experience 

Questionnaire (UEQ). 

Internal test sessions 
The aim of the internal test sessions was to get early qualitative feedback on the content, quality, 
and consistency to improve the ISPA tool. The test sessions with the expert team consisted of two 
parts, in which (1) the rubric tool was tested on a completed project by indicating the sustainability 
performance level for all criteria and (2) the rubric was reviewed on five performance qualities and 
the overall impression for the (sub)categories. By assessing a completed project, the expert team 
members could practice with the tool, and they could provide feedback on the tool itself. 
Furthermore, the indicated performance levels per expert member could be compared, to gain 
insights in the clarity and unambiguity of the performance assessment rubric. Next to the clarity and 
unambiguity, the expert team reviewed four other performance qualities, to gain insights on the 
quality, reliability, and content of the performance assessment rubric. These performance qualities 
are based on the qualities which are found to be important by the expert team (in the SDF), and by 
SA and rubric literature, so from both practice and science (Table 1). 
 

Performance qualities Description References 

Practicability & 
feasibility 

Are the criteria user friendly, easy to 
understand and feasible to assess and/or 
obtain? 

(Bartke & Schwarze, 2015; 
Sala et al., 2015; Stevens 
& Levi, 2013) 

Clarity & unambiguity Are the criteria and descriptions along the 
performance levels clear, and formulated in 
such a way that a second assessor/assessment 
would give the same result (inter-reliability)? 

(Jonsson & Svingby, 2007; 
Sala et al., 2015) 

Logic & objectivity 
 

Are the criteria sound, underpinned and is the 
quality sufficient? 

(Bartke & Schwarze, 2015; 
Sala et al., 2015; Stevens 
& Levi, 2013) 

Relevance Are the criteria relevant and important, or 
superfluous? 

(Bartke & Schwarze, 2015; 
Sala et al., 2015; Stevens 
& Levi, 2013) 

Performance level 
classification 

Are the descriptions along the performance 
levels consistent and do they fit to the 
performance level? 

(Jonsson & Svingby, 2007; 
Stevens & Levi, 2013) 

Table 1: Performance qualities for the tool review (internal test sessions). The performance qualities are based on SA and 
rubric literature (references), and on the tool qualities which are found to be important by the expert team (in the SDF). 

All members of the expert team individually tested the first prototype tool with the same completed 

project. The second prototype ISPA tool was tested in the same way as the first prototype tool, 

except for some small adjustments. Since the second prototype tool was tested by the expert team 

after the external test sessions with the municipalities (Figure 1), the second internal test session was 

performed with the projects of the municipalities of these external test sessions and with the same 

pairs of expert team members (see also the next section). 

External test sessions 
After the development of the second prototype, two external test sessions were held in cooperation  

with the organisation and the municipalities of Oldenzaal and Haaksbergen. From each municipality, 

at least the project manager of the civil engineering projects participated in the test session. The 

external test session consisted of two parts, where (1) the project intake meeting was performed, 
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and (2) the representatives of the municipalities were interviewed. The aim of the test session was to 

collect feedback from the municipality on the prototype ISPA tool and the usage process.  

The project intake meeting is the first usage step of the ISPA tool in the project process. For the 

municipality, this meeting is aimed at introducing the tool and addressing sustainability in a simple 

and accessible way. For the organisation, this meeting is aimed at performing a quick scan of the 

municipal project and identifying the sustainability ambition (level) for the project . Therefore, the 

intake meeting of the test session consisted of an introduction with an explanation of the ISPA tool, a 

short exploration of the project, quick scan questions per category and questions directed towards 

the identification of ambitions. The project intake meeting was conducted by two expert team 

members of the organisation and the intake meeting was performed with a self-chosen project of the 

participating municipality. After the project intake meeting the participant(s) of the municipality 

were interviewed by the researcher. The interview consisted of two parts, which were (1) a semi-

structured interview (SSI) with open questions and (2) the User Experience Questionnaire (UEQ). The 

UEQ was applied to test if the user experience was sufficient, in a fast and immediate manner.  The 

interview contained open questions to obtain more insights and feedback on the ISPA tool.  

The result of the Implementation stage is the meaningful user feedback from both the expert team 

and the municipalities, and the validation of the prototype ISPA tool. The verification of the final ISPA 

tool was performed in the Evolution stage.  

3.2.4. Evolution 

In the Evolution stage, the opportunities and recommendations for further development of the 

prototype ISPA tool are provided. These are based the final evaluation of the ISPA tool and on a 

qualitative uncertainty analysis of the prototype ISPA tool.  

Final evaluation 
The final version of the prototype ISPA tool was evaluated, by conducting a verification of the ISPA 

tool against the design principles and the sustainability and design framework (SDF). The 

recommendations for further development of the ISPA tool are based on the requirements which are 

not met, yet.  

Qualitative uncertainty analysis 
To identify, classify and characterise the uncertainties in the prototype ISPA tool in a structured, 

qualitative way, the analytical framework of Bodde et al (2018) was adopted. In this analytical 

framework, the uncertainties of a SA tool are categorised into four uncertainty types, namely (1) 

inherent uncertainties, (2) scientific uncertainties, (3) social uncertainties, and (4) legal uncertainties. 

In this study, after the identification and classification of the uncertainties of the  ISPA tool, the 

uncertainties are characterised and scaled as ‘’low’’, ‘’medium’’ or ‘’high’’. Similar to a r isk 

assessment, the likeliness and the size of the impact are estimated and multiplied to determine the 

scale of the uncertainty. So, uncertainties which are characterized as ‘’high’’ are highly likely to occur 

and the have a significant impact on the usage and/or the results of the assessment. The 

recommendations for further development of the ISPA tool are based on the major uncertainties, 

and how these can be reduced. 

The result of the Evolution stage are recommendations for further improvement of the prototype 

ISPA tool. The results of each ADR stage are presented in the next chapter.  

4. Results 
The results of each stage - Diagnosis, Design, Implementation and Evolution - are presented in this 

chapter. 
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4.1. Diagnosis: the problem space  
The ADR project process started with the diagnosis stage. This section provides a description of the 

problem context and the sustainability and design framework (SDF), as the foundation for the design 

stage of the ADR project. 

4.1.1. The problem context 
The two major parties in the smaller civil engineering projects in the Netherlands are the 

municipalities and the companies in the construction sector. Mostly, the municipalities are the 

initiator of the project the companies execute the project. These two parties have their own problem 

context. 

Municipalities 
From a policy review, it appears that the national government in the Netherlands has delegated a 

large part of the responsibility of achieving national climate change and sustainable development 

goals to municipal authorities.  At a national level the sustainability goals are split up into three 

themes which are (1) energy transition, (2) climate change adaptation and (3) circular economy 

(Oosters et al., 2017).  The national objectives and plans on these three concepts are captured in the 

(1) Klimaatakkoord, (2) Deltaplan Ruimtelijke Adaptatie (DPRA) and (3) Rijksbreed programma 

Circulaire Economie (Ministerie van Economische Zaken en Klimaat et al., 2019; Ministerie van 

Infrastructuur en Milieu & Ministerie van Economische Zaken, 2016, 2018) . The execution of these 

plans is, for a large part, the responsibility of municipalities. Furthermore, municipalities are facing 

the Environmental law (Dutch: Omgevingswet). This law aims to support an integral approach for 

initiatives and developments in the physical environment. Two major aspects of the environmental 

law are the obligations for municipalities to (1) have an environmental vision and (2) motivate their 

participation policy (Informatiepunt Leefomgeving, n.d.; VNG, n.d.) . The environmental vision 

(Omgevingsvisie) and the participation policy should not only describe the physical environment and 

the participation policy in general, but they should provide a tailored approach to the local 

characteristics and should stimulate to make conscious choices.  To execute the three national 

sustainability plans, to implement the Environmental law and to realise local sustainability goals, 

municipalities need to incorporate these into their projects in the built environment, thus into their 

civil engineering projects. Therefore, based on this policy review of the Dutch context, five topics are  

identified as the key sustainable development topics of interests for municipalities. These are (1) 

circular economy, (2) climate change adaptation, (3) energy transition, (4) environmental vision and 

(5) participation.  

Companies in the sector 
Companies in the civil engineering sector which would like to foster the sustainability performance of 

their projects are facing multiple challenges. According to Munyasya & Chileshe (2018), there are 

four main barriers which influence the implementation of sustainable infrastructure development in 

the construction industry. The barriers are (1) the lack of a steering mechanism (facilitated by the 

government), (2) the multidisciplinary nature of the word sustainability, (3) the lack of cooperation 

and networking and (4) increased costs associated with sustainable construction.  

These barriers correspond with the findings from the semi-structured interviews with the project 

managers of the organisation, on five completed civil engineering projects. The interviews confirm 

that the barriers occur in practice and show what the impact of the barriers is. In every project, there 

was not a standardised steering mechanism (1), municipalities had different views on (the 

implementation of) sustainable development (2) and the lack of cooperation between actors in 

different project phases often led to a lower project sustainability performance (3) . According to the 

project managers, a typical example of the lack of cooperation is the is the late involvement of the 



13 
 

department ‘’maintenance and asset management’’ at the end of the design phase , which often 

leads to design revisions with a lower sustainability performance. In some projects, sustainable 

development did not play a role, because of a limited project budget (4) and other factors such as a 

lack of knowledge (2), lack of capacity (1) and requirements of the municipality (e.g., visual quality).  

Based on the findings from both literature and practice, it can be said that it is important to provide 

steering mechanisms and a common understanding of what sustainable construction entails  to 

overcome the main barriers of companies in the civil engineering sector. Within the projects, it is 

needed to ensure close interaction among the involved actors from the start of the project and in all 

project phases, to ensure that the project sustainability performance ambitions are achieved and 

communicated throughout the project process. These enablers are important acceptance criteria and 

must be integrated into the design of the proposed solution of this ADR project.  

4.1.2. The sustainability & design framework 

The sustainability and design framework (SDF) is composed to further increase the understanding of  

the application domain, to define the acceptance criteria of the design solution and to inform the 

design stage. As explained in methodology section 3.2.1 Diagnosis, an expert opinion workshop was 

organised to address the following four aspects: (1) the sustainability values and principles of the 

organisation, (2) the decision context, (3) the objectives and (4) the requirements of the new ISPA 

tool. The results of the workshop are presented in Table 5 in Appendix B. These results were 

combined and connected by the researcher into a SDF, which is graphically presented in Figure 3. 

 

Figure 3: Sustainability and design framework (SDF) for the ISPA tool, which is based on an expert opinion workshop with the  

expert team of the organisation. In this workshop, the most important values & principles, objectives and requirements are 
formulated and prioritized by the expert team and connected to each other into this framework by the researcher. The major 

SDF aspects (values & principles, objectives and requirements) are based on the SA framework (Sala et al., 2015), the 
elaborated ADR method (Mullarkey & Hevner, 2019) and the DK Model (vom Brocke et al., 2020).  
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The sustainability values and principles of the organisation, which are presented in the left column, 

are mostly related to their broad perspective on sustainability and their preferable way of working 

internally and with the client. The objectives can be found in the middle, red column. The main 

objectives, according to the expert team, are that the ISPA tool (quickly) provides (1) insights into 

different aspects of sustainability, (2) an integral and measurable approach to sustainability and (3)  a 

realistic ‘’design/result’’ within the boundaries of the project. Furthermore, the higher-level 

objectives of the ISPA tool are to connect different disciplines, to create confidence and to make a 

sustainability approach the standard within civil engineering projects. The requirements for the ISPA 

tool are presented on the right side of the framework and are categorized as mandatory, essential or 

nice-to have. The requirements of the expert team for the ISPA tool are mainly focussed on usability,  

practicability, flexibility, visuals and functions.  

Overall, the SDF provides the framework for the design and development of the ISPA tool in  the 

design stage. Since the SDF entails a lot of aspects, the most important solution acceptance criteria 

for the ISPA tool, according to the expert team of the organisation, are as follows: 

• The tool must provide a sustainable and realistic design/result within the boundaries of the 

project, by providing a practical approach to sustainability and allowing adaptation to the 

project characteristics. 

• The tool must provide (quick) insights into different aspects of sustainability, by introducing 

and using the tool directly at the start of the project, doing a quick scan on the project and 

defining the project (performance level) ambitions on a broad range of sustainability topics.   

• The tool must provide an integral and measurable approach to sustainability, by integrating 

the tool into (the decision-making activities of) the project process and by having 

underpinned, concrete, and measurable criteria. 

• The tool must provide a standard sustainability approach for municipal projects, by having a 

standard format and structure which is (visually) appealing, and easy to understand, explain 

and use.    

To conclude, the results of the Diagnosis stage are the problem context and the SDF, which describe 

the relevance of the proposed solution, increase the understanding of the application domain and 

describe the solution acceptance criteria for the design and development of the ISPA tool in the 

Design stage. 

4.2. Design: the prototype ISPA tool 
The design stage is the core stage of the ADR project, since it covers the development and design of  

the prototype ISPA tool. The development and design of the ISPA tool is based on the formulated 

design principles and features. The designed artefact - the prototype ISPA tool and its intended usage 

- are described and design choices are underpinned. 

4.2.1. Design principles and features 

The basis of the design and development of the ISPA tool, are the design principles and features.  As 

explained in methodology section 3.2.2 Design, an initial set of design principles and features was 

formulated at the start of the design stage. The design principles are formulated based on the 

objectives and requirements stated in the SDF, as visualised in Figure 7 in Appendix C. So, the design 

choices and the features of the ISPA tool can be traced back all the way back to the SDF. The final set 

of design principles and design features are presented in Table 2.  
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Design principles (DP) Design features (DF) 

DP1: Provide features which integrate sustainable 
development key topics of municipalities and project 
process management aspects [material property], so 
that the ISPA tool can afford users to create connections 

between disciplines and to address, manage and assess 
the whole project (process) for sustainability inclusion 
[activity of users] for civil engineering projects of 
municipalities [boundary condition]. 

DF1a: The tool must have suitable 
(sub)categories, which represent the key topics 
of municipalities for sustainable development 

and the project process management phases   
DF1b: The tool must have criteria, which have 

linkages within a category and with criteria in 
other categories 

DF1c: The tool must have a usage process for the 
tool in the whole project process 

DP2: Provide features which quickly provide insights 
into the current sustainability performance level of the 
project [material property], so that the ISPA tool can 
afford users to easily indicate shortcomings, guides for 

improvement and ambitions in a concrete and practical 
way [activity of users] for civil engineering projects of 
municipalities [boundary condition]. 

DF2a: The tool must have a project intake 
meeting, and must make use of open-source 

data for quick insights 

DF2b: The tool must have performance levels 
and descriptions along those performance levels, 
which can be used to indicate shortcomings and 

guides for improvement 

DP3: Provide features which allow adaptation to the 
project type, size, phase and other characteristics 
[material property], so that the ISPA tool can afford 

users to realise a sustainable project within the 
boundaries of the project [activity of users] for every 
type of small-scale civil engineering project at any given 
project phase [boundary condition]. 

DF3a: The tool must be able to leave out certain 

categories and criteria (of the assessment), 
without losing the value and comprehensiveness 
of the tool (see also the score types of DF6b) 

DF3b: The tool must have criteria, which are not 

related to the project size, type and/or other 
specific characteristics 

DP4: Provide features which allow flexibility in the 
uncertainty/complexity ratio [material property], so 
that the ISPA tool can afford users to start on a 

simple/rough level with a little amount of knowledge 
and data and requires users to end on a 
complex/specific level with adequate data and 
knowledge [activity of users] for civil engineering 

projects of municipalities [boundary condition]. 

DF4a: The tool must have descriptions per 
criterium, which gradually increase for each 
performance level from low complexity/high 

uncertainty to high complexity/low uncertainty 
DF4b: The tool must have a project intake 

meeting, which does not require a high level of 
knowledge and data 

DP5: Provide features which define what different levels 
of sustainability performance look like  [material 
property], so that the ISPA tool can afford users to 

compare options and to underpin project decisions with 
concrete, logical and measurable criteria and indicators 
[activity of users] for civil engineering projects of 
municipalities [boundary condition]. 

DF5a: The tool must consist of rubric(s) with 
criteria, performance levels and descriptions per 
criteria/performance level cell 

DF5b: The tool must have (extra) explanation and 
examples of the (sub)categories, performance 

levels, criteria and evidence 

DF5c: The tool must have criteria, which relate to 
existing legislation, policy, methods and tools 
where municipalities and civil engineers can 
relate to (institutional dimension) 

DP6: Provide features which visualise the project 
(intermediate) results [material property], so that the 
ISPA tool can afford users to easily draw a conclusion at 

one glance and to communicate the results of the 
project [activity of users] for civil engineering projects 
of municipalities [boundary condition]. 

DF6a: The tool must have a score overview per 

category and a diagram with shows the results 
for all categories 

DF6b: The tool must have a score overview of the 
(intermediate) project score, the context score 
and the maximum tool score 

Table 2: Final set of design principles and design features. The design principles are formulated based on the SDF. The design 
features are a further specification of the material property of each DP, which are instantiated into a concrete artefact - the 
prototype ISPA tool. 

The six design principles cover the needs of the organisation and municipalities, for addressing, 

managing, and improving the project sustainability performance. DP1 represents the research 

objective of this ADR project, with a strong focus on the integration of multiple sustainability 

objectives and connection between disciplines and project phases. DP2 represents the objective of 
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the organisation to quickly provide insights into the project sustainability performance and 

ambitions, for the client. It also represents the need for a tool which assist the decision-making 

process of the project from the start, instead of performing an ex-post assessment of the project. 

DP3 relates to the type of projects and the needs of municipalities. Most civil engineering projects of  

municipalities have a small spatial scale, but they also have very different characteristics. Therefore, 

the ISPA tool must remain useful and attractive to use within the boundaries a project, by providing 

room for adaptation and flexibility. DP4 refers to the need to assist in the decision-making process 

and to have flexibility, by focussing on the alignment of the complexity and uncertainty ratio during 

the project process, as defined in the SDF (see also Appendix B). DP5 represents the need for a 

measurable and concrete approach to sustainability for both the organisation and the municipalities. 

Furthermore, it is important to define what different levels of sustainability performance are, to 

enable the users to compare options and to make conscious choices in a project. DP6 refers to the 

need to summarise, visualise and communicate the (intermediate) results in a standardized and user-

friendly way. This also makes the ISPA tool more attractive to use and may set a standard for 

measuring and presenting the sustainability performance level of a project.  

These design principles and features are the basis of the prototype ISPA tool and the development 

process of the prototype tool. In the next section, the prototype ISPA tool itself is explained. 

4.2.2. Artefact description - the prototype ISPA tool 

As stated in the research objective, a solution is needed to enable municipalities to address, manage  

and improve the project sustainability performance of their civil engineering projects. Furthermore, 

this solution should integrate multiple sustainability dimensions, topics, and policies, as well as it 

should be integrated into the decision-making process. Current SA tools and other solutions to do f it 

to the needs and the problem context of municipalities, and the typical small spatial scale of 

municipal civil engineering projects. The major problem is that most SA tools provide an ex-post 

assessment of the project, whereas there is more need for a SA tool which assists the decision-

making process for project sustainability inclusion.  

Therefore, the core of the prototype ISPA tool is a performance assessment rubric, which is 

integrated in the whole project process in four usage steps (Figure 4). These four usage steps provide 

directives for the decision-making process and a standard procedure for the usage of the tool 

throughout the whole project. Moreover, they require the decision makers of the different project 

phases to align their project decisions and activities. This section first describes the four usage steps 

of the ISPA tool in the project process, to explain the intended implementation of the prototype ISPA 

tool. Next, the prototype ISPA tool itself is described. The section is concluded with a synthesis and 

an example of the usage of the ISPA tool. 

The four usage steps of the ISPA tool 
The usage steps of the ISPA tool are formulated in close cooperation with the expert team and are 

based on the design principles, and the objectives and requirements stated by the organisation in the  

SDF. The four steps enable the actors to integrate and align project decisions and activities 

throughout the whole project process for sustainability inclusion. This first step is aimed at 

addressing sustainability, the second and third step are aimed at improving the project sustainability  

performance, and the last step is aimed at managing the realisation of the project sustainability 

performance ambitions and objectives (Figure 4). So, the four steps are in line with the research 

objective and integrate the ISPA tool into (the decision-making activities of) the project process.  
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Figure 4: Usage steps of the ISPA tool in the project process. These steps are formulated in cooperation with the expert team  
and are based on the design principles and the SDF. The four steps enable the actors to integrate and align project decisions  
and activities throughout the whole project process for sustainability inclusion. All the steps/meetings are initiated and 
organised by the organisation, where the municipalities are considered to be the client. The four steps are in line with the 
research objective and integrate the ISPA tool into (the decision-making activities of) the project process. 

All the steps/meetings are initiated and organised by the organisation, where the municipalities are 
considered to be the client in the project. The first step is the project intake meeting, which is aimed 
at quickly providing insights into the current sustainability level of the project with a quick scan and 
identifying the sustainability ambitions of the client. During the intake meeting, the organisation 
askes the municipality simple and more general questions, since detailed information is not available  
and project decisions does not have to be very specific yet in the first phase of the project. 
Afterwards, the client receives a project advice from the organisation containing an indication of 
which sustainability performance levels could be obtained per category and what a realistic end -
score would be. Furthermore, the client receives a preliminary set of requirements, based on the 
rubric criteria of the ISPA tool. In a follow-up meeting, the organisation and the client establish the 
final ambition score and a set of requirements for the design and procurement. In this stage of the 
project process, the client should have more detailed information and data, to be able the make 
decisions on a specific, criteria level. During the design and execution phase of the project, the 
project is continuously monitored by the organisation to track if the projects’ sustainability 
performance objectives are realised and achieved. In this last step, the ISPA tool is used by the 
organisation to perform intermediate and/or final evaluation(s) for and/or with the client. A final 
project score for the obtained project sustainability performance is provided at the end. 

The prototype ISPA tool - a performance assessment rubric 
As explained in methodology section 3.2.2 Design, the prototype ISPA tool is based on the design 

principles and was developed by following the general guidelines for constructing scoring rubrics. The 

final prototype ISPA tool is a performance assessment rubric, formatted in a spreadsheet and 

supported by a manual. The first prototype of the ISPA tool was revised and refined in two iterations 

(Figure 1). An elaborate description of the development process, the design decisions and the 

instantiation of the design features can be found in Appendix E. 

The main structure of the ISPA tool, and a brief underpinning per level, is provided in Figure 5. In line  

with the research objective, the prototype ISPA tool consists of two key themes which are 

Sustainable goals and Sustainable process. These two themes represent the importance of 

addressing and integrating sustainable development topics in the project and assisting the decision-

making process during all project phases, for improving the sustainability performance of the project. 

The sustainable goals are dived among five categories which are (1) Resources & Circular Economy, 

(2) Climate Change Adaptation, (3) Nature & Soil, (4) Mobility and (5) Energy Transition. The 
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sustainable project process consists of four categories which are (1) Participation & Spatial quality, 

(2) Ideation & Design, (3) Execution and (4) Maintenance & Asset management. These categories 

were derived from the problem context of both the municipalities and the companies in the civil 

engineering sector (see section 4.1 Diagnosis), and underpinned with the results of a review of 

related SA tools (see Figure 8 and Table 7 in Appendix D). The underpinning of the categories can be 

found in Table 6 in Appendix D. 

To provide a tool which is flexible, adaptive and structured, the design decision has been made to 

create for each category an own rubric (Figure 5). The rubric of each category consists of 

subcategories, criteria, performance levels and descriptions along those levels. The design choices 

and the content of the rubrics are based on the review of related SA tools, a mixture of literature and 

input from the expert team. Filling in each rubric provides a sustainability score per category. The 

scores per category are equal to the performance levels, which are ’’poor’’, ‘’fair’’, ‘’good’’ and 

‘’excellent’’. The scores are calculated with a simple 1-2-3-4 rating scale. These design choices are 

made together with the expert team and are in line with the SDF and the design principles. An 

elaborate description of the design decisions and the instantiation of design features can be found in 

Appendix E. 

 

Figure 5: Overview of the rubric tool structure and brief underpinning per level of the prototype ISPA tool. 

The final score overview consists of two parts which are (1) the final score per category in a sunburst 

diagram and (2) the score overview with the final project score in relation to the context score and 

the maximum tool score (Figure 6). The context score represents the maximum score within the 

boundaries of the project. This representation of the final result of the prototype ISPA tool was 
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suggested by the organisation, and further developed and implemented in the tools’ spreadsheet by 

the researcher. 

 

Figure 6: Score overview of the ISPA tool. The score overview consists of a sunburst diagram, which shows the final score per 
category, and a bar chart which shows with the project score in relation to the context score and the maximum tool score. 

The usage and synthesis of the ISPA tool  
As stated in the research objective, the main purpose of this ADR study and the development of  the 
ISPA tool is to explore how municipalities can address, manage and improve the project sustainability 
performance of their civil engineering projects. The three aspects are obtained by following the 
usage steps, for the usage of the protype ISPA tool throughout the whole project process (Figure 4).  
 
During the project intake meeting, the municipalities are introduced to the ISPA tool, and they are 
asked short, simple questions per tool category by the organisation. This quick scan allows the 
municipality to address the projects’ sustainability in a relatively simple and accessible way. Since the 
quick scan questions per category are directly linked to the criteria and performance levels in the 
rubric ISPA tool, the organisation can indicate the current project sustainability performance with the 
answers of the municipality on these questions. Furthermore, the organisation can already 
determine which criteria do not fit to the project type, phase and/or other characteristics, and 
should be left out of the assessment (context score). With the ambition questions per category, the 
organisation can fill in the rubric per category of the ISPA tool, and determine which sustainability 
performance levels could be obtained per category and what a realistic end-score would be.  
 
In the follow-up meeting, the organisation and the municipality establish the final ambition score and 
a set of requirements for the design and procurement. This set of requirements are formulated 
based on the criteria of the ISPA tool, and the corresponding performance level which the 
municipality want to obtain in the project. An example, for one tool category, is provided in Table 3. 
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Subcategory Criteria 
Performance levels 

Score 
Poor Fair Good Excellent 

Slow traffic 
Attractive routes and facilities for 
slow traffic. X measures (see list) 

<4 >4 >8 >12 4 

Public and 
multimodal 
transport 

Public transport stops at 

(walk)distance X (bus) and/or 
(cycle)distance Y (train) 

>700m, 

15min 

<700m, 

15min 

<450m, 

10min 

<350m, 

5min 
2 

At least X (alternative) modes of 
transport at transfer station 

1  2 3 >4 - 

Sustainable 
transport 

At least X measure(s) for 
sustainable transport (see list) 

0 1 2 >3 3 

Sustainability score (mobility) 
Good 

(9/12p) 

Set of requirements (mobility) 

• The design must contain (at least) 8 measures for attractive routes and facilities for slow traffic (see 

list with slow traffic measures) 
• The public transport bus stop is located at maximum 700 meter walking distance and/or the train 

station is located at maximum 15 minutes cycling distance 
• The design/plan contains (at least) 1 measure for sustainable transport (see list with sustainable 

transport measures) 
Table 3: Usage and result example of the rubric ISPA tool. In this example, a few subcategories and criteria of the mobility 
category are showed. In this example, one criterium is left out of the assessment, because this criterium is not applicable for 

the project. One criterium scores ‘’fair’’, one as ‘’good’’ and one as ‘’excellent’’. This brings the sustainability score to a 
‘’good’’. The set of requirement follows from the criteria and the corresponding performance level. 

In the project monitoring phase, the organisation and the client can manage the project, by 

monitoring if the set of requirements is implemented and if sustainability performance objectives are 

obtained. In this way, the ISPA tool provides a measurable and comprehensive approach to address, 

manage and improve the sustainability performance of the project. The prototype ISPA tool 

addresses different aspects of sustainability and can be adopted to the project characteristics to 

provide realistic ‘’design/result’’ within the boundaries of the project. The ISPA tool integrates the 

three dimensions of sustainability with the key sustainability themes for municipalities. Ultimately, 

the ISPA tool assist in the decision-making process, by directing and aligning the project decisions 

and activities for project sustainability inclusion throughout the whole project process. 

4.3. Implementation: user feedback 
In the implementation stage of the ADR project, the prototype ISPA tool is demonstrated, tested and 

evaluated to collect user feedback from the expert team and the end-users. The prototype ISPA tool 

was tested within the organisation and also with the municipalities to ensure both internal and 

external validity. The findings of the test sessions were used as input for the design iterations, in 

which the prototype ISPA tool was refined and revised (Figure 1).  

4.3.1. Internal test sessions 

As explained in methodology section 3.2.3 Implementation, the internal test session consisted of two 

parts, in which (1) the rubric tool was tested on a completed project by indicating the sustainability 

performance level for all criteria and (2) the rubric was reviewed on five performance qualities and 

the overall impression. The results of the tool reviews can be found in Table 10 in Appendix F. 

The first test session with the expert team was held after the development of the first prototype ISPA 

tool (Figure 1). The main finding from the expert team was that ‘’it was difficult to assess the project 

with the prototype ISPA tool, and (therefore) the assessment took too much time’’. In line with this 

finding, the results on the indicated sustainability performance level for all criteria differed a lot per 

expert team member. The difficulties mainly related to the clarity & unambiguity, the practicability & 
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feasibility and the performance level classification of the tool. Some criteria were found to be less 

relevant and not feasible. Most criteria were found to be reliable and logical by the expert team.  

The second test session with the expert team was held after the development of the second 

prototype ISPA tool and the external test sessions (Figure 1). The feedback of the first test session 

was used to decrease the difficulty and the required time for the assessment. The main experience of 

the expert team was that ‘’it was easier and convenient to assess the projects with the improved ISPA 

tool, and the assessment took less time’’. So, the internal test sessions with the expert team provided 

meaningful user feedback and helped to improve the efficiency and user experience of the ISPA tool. 

4.3.2. External test sessions 
The external test session with the municipalities were held after the development of the second 

prototype ISPA tool (Figure 1). As explained in methodology section 3.2.3 Implementation, the test 

session consisted of two parts, where (1) the project intake meeting was performed, and (2) the 

representatives of the municipalities were interviewed. This interview consisted of a semi-structured 

interview (SSI) with open questions and the User Experience Questionnaire (UEQ). The results of  the 

interviews with the municipalities can be found Table 11 and in Figure 12 in Appendix G. In this 

results section, the user feedback is directly related to the design principles (DP)  to validate the tool. 

The project meeting consisted of an introduction of the tool, a short project exploration, quick scan 

questions per category and questions directed towards the identification of ambitions . The project 

managers of the municipality of Haaksbergen and Oldenzaal could follow the introduction of the ISPA 

tool, and they could easily answer the questions of the quick scan, because they are related to the 

current activities and sustainability topics of the municipality. This showed that the project intake 

meeting is provides an accessible approach to the ISPA tool and sustainable development at the 

beginning of the project (DP4). Both municipalities indicated that the intake meeting provides quick 

insights, and it supports the identification of feasible and realistic ambitions (DP2). As stated by the 

municipality of Haaksbergen ‘’the ISPA tool provides a trigger and quick focus’’. Furthermore, both 

municipalities stated that the ISPA tool makes sustainability concrete and measurable, which is a 

great advantage for supporting project decisions and allows for project monitoring (DP5). In addition, 

the municipality of Oldenzaal stated that ‘’the usage of the IPSA tool during the whole project process 

creates awareness and the IPSA tool has potential to connect and integrate different departments 

within the municipality’’ (DP1). However, a concern of both municipalities was the time and capacity 

needed for the realisation of the sustainability objectives and the set of requirements. 

The municipality of Haaksbergen already had experience with BREEAM-NL Gebied (SA tool), but 

stated that: ‘’this ISPA tool works a lot better. Especially for smaller projects, since you can adapt it to 

the project characteristics’’ (DP3). However, the municipality of Haaksbergen also added that ‘’it is 

important to put more emphasis on the added value of the tool for smaller projects, when the tool is 

explained at the start of the project intake meeting’’. Since the tool is adaptable to the project 

characteristics and flexible in the project process, both municipalities stated that it is important to 

provide an indication or advice in advance about which (kind of) persons/positions of municipality 

can best attend the meeting(s). Other tips for the improvement of the tool and the presentation 

were to add visualisations, concrete examples, and a clear end-result of every meeting (DP6).  

To conclude, the common reaction of the municipalities on the ISPA tool was that it is a practical, 

pragmatic, and comprehensive tool and that it integrates different themes and project processes. 

The prototype ISPA tool and its usage steps in the project process assist the decision-making process 

in clear steps and help the municipalities to address, manage and improve the project sustainability 
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performance in a structured and transparent way. The municipalities provided meaningful feedback 

for the improvement and further development of the prototype ISPA tool. 

4.4. Evolution: recommendations for further development of the tool 
In the evolution stage of the ADR project, the opportunities and recommendations for further 

development of the prototype ISPA tool are provided. These are based on the final evaluation and on 

a qualitative uncertainty analysis of the prototype ISPA tool. 

Final evaluation 
The development of the prototype ISPA tool is based on the design principles and design features 

which were formulated at the start of the design stage. The implementation of the design principles 

and features can be found in Appendix E and is validated in the previous section. Initially, the design 

principles were derived from the objectives and the requirements of the SDF. During the 

development of the ISPA tool, these requirements were taken (in)directly into account. The 

requirements were prioritised by the expert team of the organisation into four categories: (1) 

mandatory, (2) essential, (3) nice-to-have, and (4) not essential yet (see also the MoSCoW method in 

Table 5 in Appendix B). The verification of the requirements can be found in Table 12 in Appendix  H. 

This verification shows that all the mandatory requirements and almost all essential requirements 

have been implemented into the prototype ISPA tool. The other requirements of the SDF can be used 

as input for further development of the prototype ISPA tool.  

Qualitative uncertainty analysis 
As explained in methodology section 3.2.4 Evolution, the uncertainties of the ISPA tool are identif ied 

and categorized into four uncertainty types, namely (1) inherent uncertainties, (2) scientific 

uncertainties, (3) social uncertainties, and (4) legal uncertainties. The results of the uncertainty 

analysis are presented in Table 13 in Appendix I.  

The major uncertainties of the ISPA tool are the social uncertainties. Social uncertainties occur due to 

organizational factors, resources, coordination among stakeholders and procedures  (Bodde et al., 

2018). The four usage steps of the ISPA tool in the project process are designed to guide the inclusion 

of sustainability into the project and to make intermediate adjustments, but the tool is still quite 

dependent on its users and the application context. The project design, management and resources  

are essential for project failure or project success. Furthermore, legal uncertainties can have an 

impact on the content and the relevance of the ISPA tool. Changes in policy and legislation can have 

an impact on the justification of certain criteria and performance levels of the ISPA tool, and may 

change the relevance of the ISPA tool for municipalities. The same applies to scientific uncertainties,  

where changes and errors in scientific theories, data, models, and tools also can have an impact on 

the justification of the content of the ISPA tool. Therefore, it is important that other experts and 

researchers also critically evaluate the tool outside of the ADR team. Especially with a complex topic 

as sustainability, the quality of the assessment framework is of significant importance.  

Further development of the prototype ISPA tool 
The tool can be further developed by extending its functionalities and reducing the uncertainties. The 

nice-to-have and not essential (yet) requirements, which were stated by the organisation in the 

diagnosis stage of this ADR project can be used as input for further development of the prototype 

ISPA tool. To reduce the uncertainties and to improve the quality of the ISPA tool, it is needed to 

further apply, test and evaluate the tool in multiple type of projects and with different municipalities. 

Continuous monitoring and development are needed to keep the ISPA tool relevant and valuable  of  

municipal civil engineering projects. A list of recommendations for further improvements for the ISPA 

tool is provided in Appendix J. 
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5. Discussion 
In this article, prescriptions are proposed for the development and evaluation of an integrated 

sustainability performance assessment (ISPA) tool that provides a solution for the need of a tool 

which improves the project sustainability performance of small scale civil engineering projects and 

which is fits to the problem context of municipalities. To accomplish the research objective and to 

produce a contribution that is relevant for both practice and research, the cycles of the elaborated 

ADR of Mullarkey & Hevner (2019) were performed. The research contributions are two-folded by (1) 

presenting the prototype ISPA tool, which utility has been evaluated for the given target group and 

research scope and (2) presenting design knowledge, which addresses the research gaps in ADR 

projects and SA tools in the civil engineering sector.  

5.1. Research contributions to the knowledge base  
Few prior ADR studies are dedicated to the design of SA tools for civil engineering projects. 

Therefore, a deeper understanding of the problem space was needed (vom Brocke et al., 2020) . The 

study contributes to descriptive knowledge by abstracting, from the diagnosis stage, the problem 

context of both municipalities and companies and the SDF for the ISPA tool. Instead of only def ining 

the objectives and requirements of the artefact itself as common practice in DSR projects, the 

sustainability values and principles of the organisation are also defined (in the SDF) and taken into 

account as advised in the methodological framework for SA’s by Sala et al (2015). In this way, design 

science (ADR/DSR) and SA methodologies are combined to design and develop a new SA tool. 

Furthermore, the requirements from the organisation highlight a difference in the prioritization and 

valuation of different quality criteria by decision makers and researchers. In practice, there is a trade-

off for SA tool developers between adequately addressing sustainability principles and providing a SA 

tool that is understood by and accessible to practitioners (Bartke & Schwarze, 2015). However, this 

trade-off is not often taken into account or clearly discussed in ADR studies.  

The developed and evaluated prototype ISPA tool provides a solution for municipalities to address, 

manage and improve the sustainability performance of their civil engineering project with a small 

spatial scale. The ISPA tool shows how a SA tool can designed to be an assessment tool, which can 

support the decision-making process, and which also provides a concrete and measurable approach 

to sustainability in every project phase. Furthermore, the tool is adaptive and flexible to the project 

characteristics, to provide realistic ‘’design/result’’ within the boundaries of the project . Especially 

for small scale projects, this solution-oriented approach is of added value, according to the 

municipalities and the expert team. The ISPA tool integrates the three dimensions of sustainability 

with the key sustainability themes for municipalities, and provides a more holistic approach by taking 

into account the institutional setting, cultural values, technology, and innovation. Furthermore, the 

tool requires early stakeholder involvement and broad participation during the whole project 

process. In summary, the research contributions to the knowledge base of this study are of value for 

both the ADR and the SA research domain. 

5.2. Practical contributions to the application domain of the prototype ISPA tool 
There are few SA tools in the Netherlands which are specially developed to fulfil the needs of 

municipalities and companies in the civil engineering sector, and to overcome their main barriers  for 

a better project sustainability performance. Typical barriers are the lack of standardized directives 

and criteria for project sustainability inclusion, a narrow vision of sustainability with a lack of 

attention for interdependencies between sustainability dimensions and a lack of systematic 

integration and collaboration among functional units (Rincón et al., 2021). The prototype ISPA tool 

provides a comprehensive view, directives, criteria, and systematic integration for project 

sustainability inclusion. Furthermore, the tool is used throughout the whole project process to align 
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the project decisions and activities of the different project phases and to foster the communication 

and collaboration among the stakeholders. This combination of an assessment tool and a process 

management tool is needed to tackle the complexity of sustainability and very valuable for both 

municipalities and companies in the Dutch civil engineering sector.  

On an international scale, the industry ‘’needs to adopt new  thinking,  practices,  and  approaches,  

and designing  and  building  for  sustainability  need  to  become  the  norm’’ according to Griffiths et 

al (2018, p. 2). The development and usage of new SA tools for civil engineering projects can support 

the industry to bridge the current gap and to take a stronger role in contributing to sustainable 

development (Griffiths et al., 2018). The prototype ISPA tool may first have only a national purpose, 

but as suggested by Harré (2011, p. 50) ‘’the more that sustainable practices are in the air, the more 

salient they become, and the more likely individual people and groups of people are to replicate 

them.’’ So, if the prototype ISPA tool and this research will lead to more sustainable practices in the 

Netherlands in the civil engineering sector, it can be replicated, adopted and used in other countries.  

5.3. Limitations and future research directions 

For the development of the ISPA tool, the cycles of the elaborated ADR of Mullarkey & Hevner (2019)  

were performed. One major challenge of DSR and ADR in general, is the dependency on specific 

design decisions of the research team (Lukyanenko et al., 2015). In this research, the design decisions 

are based on the problem context, the SDF, the design principles and on user feedback, but another 

ADR team could develop another tool with different design features and functions. Another 

limitation is that the user feedback was mostly retrieved as qualitative data. In future studies, the 

performance qualities of the tool reviews can be transformed into a set of monitoring and evaluation 

criteria to continuously revise and refine the rubric tool. For the further development and usage of 

the prototype ISPA tool, it is crucial to use and test the ISPA tool with multiple projects along the 

whole project process. It is also recommended to perform the UEQ multiple times during the project 

process to track the user experience along the project stages.  

6. Conclusion 
Sustainability is becoming more important in the design of the public space and in the civil 

engineering sector. The usage of SA tools is important for addressing, managing and improving the 

project sustainability performance of civil engineering projects of municipalities. Especially for 

projects with a small spatial scale, a solution is needed to overcome the main barriers of 

municipalities and companies in the civil engineering sector. In this study, the cycles of the 

elaborated ADR method were performed in cooperation with an organisation in the civil engineering 

sector, to develop and evaluate an integrated sustainability performance assessment (ISPA) tool for  

civil engineering projects with a small spatial scale in the Netherlands. The prototype ISPA tool 

integrates the three dimensions of sustainability with the key sustainability themes for 

municipalities, and the tool assists in the decision-making process, by directing and aligning the 

project decisions and activities throughout the whole project process. In this way, the prototype ISPA 

tool is a comprehensive solution for the fragmentation of the project process and to the inclusion of  

sustainability performance objectives which are relevant for both municipalities and companies in 

the civil engineering sector. This study advances previous SA research and the development SA tools 

in the civil engineering field. Furthermore, the development of the prototype ISPA tool is based on an 

ADR approach, which provides insights and prescriptive knowledge on how the theories and methods 

of ADR and SA can be fruitfully combined. This study is relevant to respond to the present-day 

challenges in sustainable development and we hope to contribute to the understanding of how to 

develop and evaluate practical solutions for multiple stakeholders in the civil engineering sector, in 

their quest for environmental, social and economic sustainability.   



25 
 

References 
Allen, W. (2020, September 7). Using rubrics to plan and assess complex tasks and behaviours . 

Learning for Sustainability. https://learningforsustainability.net/post/rubrics/  

Allen, W., Grant, A., Earl, L., MacLellan, R., Waipara, N., Mark-Shadbolt, M., Ogilvie, S., Langer, E. R., 

& Marzano, M. (2018). The Use of Rubrics to Improve Integration and Engagement Between 

Biosecurity Agencies and Their Key Partners and Stakeholders: A Surveillance Example. The 

Human Dimensions of Forest and Tree Health: Global Perspectives , 269–298. 

https://doi.org/10.1007/978-3-319-76956-1_11 

Ameen, R. F. M., Mourshed, M., & Li, H. (2015). A critical review of environmental assessment tools 

for sustainable urban design. Environmental Impact Assessment Review, 55, 110–125. 

https://doi.org/10.1016/j.eiar.2015.07.006 

Bartke, S., & Schwarze, R. (2015). No perfect tools: Trade-offs of sustainability principles and user 

requirements in designing support tools for land-use decisions between greenfields and 

brownfields. Journal of Environmental Management, 153, 11–24. 

https://doi.org/10.1016/j.jenvman.2015.01.040 

Berardi, U. (2012). Sustainability Assessment in the Construction Sector: Rating Systems and Rated 

Buildings. Sustainable Development, 20(6), 411–424. https://doi.org/10.1002/sd.532 

Bilgeri, D., & Zurich, E. (2019). Blockchain for the IoT: Privacy-Preserving Protection of Sensor Data. 

Article in Journal of the Association for Information Systems. https://doi.org/10.3929/ethz-b-

000331556 

Bodde, M., van der Wel, K., Driessen, P., Wardekker, A., & Runhaar, H. (2018). Strategies for dealing 

with uncertainties in strategic environmental assessment: An analytical framework illustrated 

with case studies from The Netherlands. Sustainability (Switzerland), 10(7). 

https://doi.org/10.3390/su10072463 

Bond, A., Morrison-Saunders, A., & Pope, J. (2012). Sustainability assessment: the state of the art. 

Impact Assessment and Project Appraisal, 30(1), 53–62. 

https://doi.org/10.1080/14615517.2012.661974 

Boz, M. A., Asce, M., & El-Adaway, I. H. (2015). Creating a Holistic Systems Framework for 

Sustainability Assessment of Civil Infrastructure Projects. Journal of Construction Engineering 

and Management, 14(2). https://doi.org/10.1061/(ASCE)CO 

BRE Global Limited. (2020). CEEQUAL Version 6 - Technical Manual | International Projects. 

https://www.bregroup.com/products/ceequal/the-ceequal-technical-manuals/ceequal-version-

6/ 

Bueno, P. C., Vassallo, J. M., & Cheung, K. (2015). Sustainability Assessment of Transport 

Infrastructure Projects: A Review of Existing Tools and Methods. Transport Reviews, 35(5), 622–

649. https://doi.org/10.1080/01441647.2015.1041435 

Chandra, L., Seidel, S., & Gregor, S. (2015). Prescriptive knowledge in IS research: Conceptualizing 

design principles in terms of materiality, action, and boundary conditions. Proceedings of the 

Annual Hawaii International Conference on System Sciences, 2015-March, 4039–4048. 

https://doi.org/10.1109/HICSS.2015.485 



26 
 

Ciuffo, B., Miola, A., Punzo, V., & Sala, S. (2012). Dealing with uncertainty in sustainability 

assessment. https://doi.org/10.2788/57452 

de Mare, G., Granata, M. F., & Nesticò, A. (2015). Weak and strong compensation for the 

prioritization of public investments: Multidimensional analysis for pools. Sustainability 

(Switzerland), 7(12), 16022–16038. https://doi.org/10.3390/su71215798 

Devuyst, D. (2001). How Green Is the City? Sustainability Assessment and the Management of Urban 

Environments. In D. Devuyst, L. Hens, & W. de Lannoy (Eds.), Columbia University Press. 

Columbia University Press. https://cup.columbia.edu/book/how-green-is-the-

city/9780231118033 

Dutch Green Building Council. (2018). BREEAM-NL Gebied. 

https://richtlijn.breeam.nl/upload/files/Gebied/BREEAM-

NL%20Gebied%202018%20v1.0%20NL.pdf 

Galti, A. M., Goni, A. A., Saidu, S., & Yusuf, H. (2018). Rating scale in writing assessment: Holistic vs. 

Analytical scales: A review. International Journal of English Research, 4(6), 4–6. 

www.englishjournals.com 

Gentile, C. A. (2018). Analytic Scoring. In B. B. Fery (Ed.), The SAGE Encyclopedia of Educational 

Research, Measurement, and Evaluation (pp. 90–91). https://doi.org/10.4135/9781506326139 

Griffiths, K., Boyle, C., & Henning, T. F. P. (2018). Beyond the Certification Badge —How Infrastructure 

Sustainability Rating Tools Impact on Individual, Organizational, and Industry Practice. 

Sustainability, 10(4), 1038. https://doi.org/10.3390/su10041038 

Hai, T. K., Yusof, A., Ismail, S., & Wei, L. F. (2012). A conceptual study of key barriers in construction 

project coordination. Journal of Organizational Management Studies, 1–14. 

https://doi.org/10.5171/2012.795679 

Harré, N. (2011). Psychology for a Better World: Strategies to Inspire Sustainability. University of 

Auckland. 

Hatton, S. (2008). Choosing the “Right” Prioritisation Method. IEEE Computer Society, 517–526. 

https://doi.org/10.1109/ASWEC.2008.22 

Hevner, A. R. (2007). A Three Cycle View of Design Science Research. Scandinavian Journal of 

Information Systems, 19(2), 87–92. https://www.researchgate.net/publication/254804390 

Hevner, A. R., March, S. T., Park, J., & Ram, S. (2004). Design Science in Information Systems 

Research. MIS Quarterly, 28(1), 75–105. https://doi.org/10.2307/25148625 

Informatiepunt Leefomgeving. (n.d.). Participatie in de Omgevingswet. Retrieved May 4, 2021, from 

https://iplo.nl/participatieomgevingswet/ 

Institute for Sustainable Infrastructure. (2018). Envision: Sustainable Infrastructure Framework 

Guidance Manual (3rd ed.). https://sustainableinfrastructure.org/wp-

content/uploads/EnvisionV3.9.7.2018.pdf 

Jonsson, A., & Svingby, G. (2007). The use of scoring rubrics: Reliability, validity and educational 

consequences. Educational Research Review, 2, 130–144. 

https://doi.org/10.1016/j.edurev.2007.05.002 



27 
 

Kaur, H., & Garg, P. (2019). Urban sustainability assessment tools: A review. Journal of Cleaner 

Production, 210, 146–158. https://doi.org/10.1016/j.jclepro.2018.11.009 

King, J., McKegg, K., Oakden, J., & Wehipeihana, N. (2013). Rubrics: A Method for Surfacing Values 

and Improving the Credibility of Evaluation. Journal of MultiDisciplinary Evaluation, 9(21), 11–

20. https://journals.sfu.ca/jmde/index.php/jmde_1/article/view/374/373 

Laenen, F. vander. (2015). Not just another focus group: Making the case for the nominal group 

technique in criminology. In Crime Science (Vol. 4, Issue 1, pp. 1–12). SpringerOpen. 

https://doi.org/10.1186/s40163-014-0016-z 

Lenderink, B., Halman, J. I. M., Boes, J., Voordijk, H., & Dorée, A. G. (2022). Procurement and 

innovation risk management: How a public client managed to realize a radical green innovation 

in a civil engineering project. Journal of Purchasing and Supply Management, 100747. 

https://doi.org/10.1016/J.PURSUP.2022.100747 

Lenferink, S., Tillema, T., & Arts, J. (2013). Towards sustainable infrastructure development through 

integrated contracts: Experiences with inclusiveness in Dutch infrastructure projects. 

International Journal of Project Management, 31, 615–627. 

https://doi.org/10.1016/j.ijproman.2012.09.014 

Li, J., & Wang, Q. (2021). Development and validation of a rating scale for summarization as an 

integrated task. Asian-Pacific Journal of Second and Foreign Language Education , 6(1), 1–21. 

https://doi.org/10.1186/S40862-021-00113-6/FIGURES/4 

Lukyanenko, R., Evermann, J., & Parsons, J. (2015). Guidelines for establishing instantiation validity in 

IT artifacts: A survey of IS research. Lecture Notes in Computer Science (Including Subseries 

Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics) , 9073, 430–438. 

https://doi.org/10.1007/978-3-319-18714-3_35 

Manera, K., Hanson, C. S., Gutman, T., & Tong, A. (2019). Consensus methods: Nominal group 

technique. In Handbook of Research Methods in Health Social Sciences  (pp. 737–750). Springer 

Singapore. https://doi.org/10.1007/978-981-10-5251-4_100 

Mattinzioli, T., Sol-Sánchez, M., Martínez, G., & Rubio-Gámez, M. (2020). A critical review of roadway 

sustainable rating systems. Sustainable Cities and Society, 63, 102447. 

https://doi.org/10.1016/j.scs.2020.102447 

Meth, H., Mueller, B., Maedche, A., Meth, H. ;, & Mueller, B. ; (2015). Designing a Requirement 

Mining System. Journal of the Association for Information Systems, 16(9), 799–837. 

https://doi.org/10.17705/1jais.00408 

Ministerie van Economische Zaken en Klimaat, Ministerie van Binnenlandse Zaken en 

Koninkrijksrelaties, Ministerie van Landbouw, N. en V., & Ministerie van Infrastructuur en 

Waterstaat. (2019). Klimaatakkoord. 

Ministerie van Infrastructuur en Milieu, & Ministerie van Economische Zaken. (2016). Nederland 

circulair in 2050. 

https://www.rijksoverheid.nl/binaries/rijksoverheid/documenten/rapporten/2016/09/14/bijlag

e-1-nederland-circulair-in-2050/bijlage-1-nederland-circulair-in-2050.pdf 

Ministerie van Infrastructuur en Milieu, & Ministerie van Economische Zaken. (2018). Deltaplan 

Ruimtelijke adaptatie. In Deltaprogramma (pp. 110–140). 



28 
 

https://www.deltaprogramma.nl/binaries/deltacommissaris/documenten/publicaties/2017/09/

19/dp2018-nl-printversie/DP2018+NL+printversie.pdf 

Molkenboer, H. (2017). Gebruiken van beoordelingsschalen voor opdrachten. In Bureau voor Toetsen 

& Beoordelen. 

Mukherjee, N., Zabala, A., Huge, J., Nyumba, T. O., Adem Esmail, B., & Sutherland, W. J. (2018). 

Comparison of techniques for eliciting views and judgements in decision-making. Methods in 

Ecology and Evolution, 9(1), 54–63. https://doi.org/10.1111/2041-210X.12940 

Mullarkey, M. T., & Hevner, A. R. (2019). An elaborated action design research process model. 

Https://Doi-Org.Ezproxy2.Utwente.Nl/10.1080/0960085X.2018.1451811, 28(1), 6–20. 

https://doi.org/10.1080/0960085X.2018.1451811 

Munyasya, B. M., & Chileshe, N. (2018). Towards Sustainable Infrastructure Development: Drivers, 

Barriers, Strategies, and Coping Mechanisms. Sustainability 2018, Vol. 10, Page 4341, 10(12), 

4341. https://doi.org/10.3390/SU10124341 

Ness, B., Urbel-Piirsalu, E., Anderberg, S., & Olsson, L. (2007). Categorising tools for sustainability 

assessment. Ecological Economics, 60(3), 498–508. 

https://doi.org/10.1016/j.ecolecon.2006.07.023 

Oosters, H., Bijleveld-Shouten, A., & van Zanen, J. (2017). Naar een duurzaam Nederland: 

Investeringsagenda voor Kabinetsformatie 2017. 

Pan, S. L., Li, M., Pee, L. G., & Sandeep, M. S. (2020). Sustainability Design Principles for a Wildlife 

Management Analytics System: An Action Design Research. Https://Doi-

Org.Ezproxy2.Utwente.Nl/10.1080/0960085X.2020.1811786, 30(4), 452–473. 

https://doi.org/10.1080/0960085X.2020.1811786 

Pope, J., Annandale, D., & Morrison-Saunders, A. (2004). Conceptualising sustainability assessment. 

Environmental Impact Assessment Review, 24(6), 595–616. 

https://doi.org/10.1016/j.eiar.2004.03.001 

Purvis, B., Mao, Y., & Robinson, D. (2019). Three pillars of sustainability: in search of conceptual 

origins. Sustainability Science, 14(3), 681–695. https://doi.org/10.1007/S11625-018-0627-

5/FIGURES/1 

Rincón, C. A. R., Santos, J., Volker, L., & Rouwenhorst, R. (2021). Identifying Institutional Barriers and 

Enablers for Sustainable Urban Planning from a Municipal Perspective. 132, 11231. 

https://doi.org/10.3390/su132011231 

Rodríguez López, F., & Fernández Sánchez, G. (2011). Challenges for Sustainability Assessment by 

Indicators. Leadership and Management in Engineering, 11(4), 321–325. 

https://doi.org/10.1061/(ASCE)LM.1943-5630.0000142 

Roell, K. (2019, July 3). How to Create a Rubric in 6 Steps. ThoughtCo. 

https://www.thoughtco.com/how-to-create-a-rubric-4061367 

Sala, S., Ciuffo, B., & Nijkamp, P. (2015). A systemic framework for sustainability assessment. 

Ecological Economics, 119, 314–325. https://doi.org/10.1016/j.ecolecon.2015.09.015 

Salway, R., & Shaddick, G. (n.d.). Implementation of Qualitative Uncertainty Guidance: A Worked 

Example. 



29 
 

Schoormann, T., Stadtländer, M., & Knackstedt, R. (2021). Designing business model development 

tools for sustainability—a design science study. Electronic Markets 2021, 1–23. 

https://doi.org/10.1007/S12525-021-00466-3 

Schrepp, M., Hinderks, A., & Thomaschewski, J. (2014). Applying the user experience questionnaire 

(UEQ) in different evaluation scenarios. Lecture Notes in Computer Science (Including Subseries 

Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics) , 8517 LNCS(PART 1), 

383–392. https://doi.org/10.1007/978-3-319-07668-3_37 

Scrase, J. I., & Sheate, W. R. (2002). Integration and integrated approaches to assessment: what do 

they mean for the environment? Journal of Environmental Policy & Planning, 4(4), 275–294. 

https://doi.org/10.1002/jepp.117 

Sein, M. K., Henfridsson, O., Purao, S., Rossi, M., & Lindgren, R. (2011). Action design research. MIS 

Quarterly: Management Information Systems, 35(1), 37–56. https://doi.org/10.2307/23043488 

Sharifi, A., & Murayama, A. (2013). A critical review of seven selected neighborhood sustainability 

assessment tools. Environmental Impact Assessment Review, 38, 73–87. 

https://doi.org/10.1016/j.eiar.2012.06.006 

Shen, L.-Y., Li Hao, J., Wing-Yan Tam, V., & Yao, H. (2007). A checklist for assessing sustainability 

performance of construction projects. Journal of Civil Engineering and Management, XIII(4), 

273–281. https://doi.org/10.1080/13923730.2007.9636447 

Singh, R. K., Murty, H. R., Gupta, S. K., & Dikshit, A. K. (2009). An overview of sustainability 

assessment methodologies. Ecological Indicators, 9(2), 189–212. 

https://doi.org/10.1016/j.ecolind.2008.05.011 

Sironen, S., Seppälä, J., & Leskinen, P. (2015). Towards more non-compensatory sustainable society 

index. Environment, Development and Sustainability, 17(3), 587–621. 

https://doi.org/10.1007/s10668-014-9562-5 

Stevens, D. D., & Levi, A. J. (2013). Introduction to Rubrics: an assessment tool to save grading time, 

convey effective feedback, and promote student learning . Stylus Publishing. 

Stone-Jovicich, S. (2015). To rubrics or not to rubrics? Practice Notes. 

USGBC. (2021). LEED v4.1. U.S. Green Building Council. https://www.usgbc.org/leed/v41 

Venable, J. R., Pries-Heje, J., Baskerville, R. L., Venable, J. R. ;, Pries-Heje, J. ;, & Baskerville, R. (2017). 

Choosing a Design Science Research Methodology. ACIS 2017 Proceedings, 112. 

https://aisel.aisnet.org/acis2017/112 

VNG. (n.d.). Omgevingsvisie. Retrieved May 14, 2021, from https://vng.nl/artikelen/omgevingsvisie  

vom Brocke, J., Winter, R., Hevner, A., & Maedche, A. (2020). Special Issue Editorial –Accumulation 

and Evolution of Design Knowledge in Design Science Research: A Journey Through Time and 

Space. Journal of the Association for Information Systems, 21(3), 520–544. 

https://doi.org/10.17705/1jais.00611 

Wieringa, R. J. (2014). Design Science Methodology for Information Systems and Software 

Engineering. Springer. 

World Commission on Environment and Development. (1987). Our Common Future. 



30 
 

World Economic Forum. (2016). Shaping the Future of Construction: A Breakthrough in Mindset and 

Technology. 

https://www3.weforum.org/docs/WEF_Shaping_the_Future_of_Construction_full_report__.pd

f 

  

  



31 
 

Appendix A  

ADR activities and data collection methods 
 Methods & activities Description References 

D
ia

gn
o

si
s 

Review of the 
sustainable 

development policy 
(and problem) 
context of 
municipalities.  

Based on: 
- Dutch policy plans 
and legislation 
literature 

The goal of the (policy) review is to gain insights into which 
sustainable development policy plans and legislation, from 

the national government of the Netherlands, the 
municipalities have to follow, implement and execute. This 
review is used to identify the major sustainable development 
topics of interests for municipalities. These topics are to be 

included (in some way) in the prototype ISPA tool.   

Dutch policy plans 
and legislation 

literature - see 
main text for 
references 

Review of the 

problem context of 
the companies in the 
sector, performing 

(small scale) civil 
engineering projects 
 
Based on: 

- Semi-structured 
interview(s) with 
project manager(s) 
on completed civil 

engineering projects 
of the organisation 
(with municipalities 

as client). 
- Literature findings 

The goal of the review is to identify the main barriers and 

enables for companies in the civil engineering sector for 
implementing sustainability objectives and solutions, from 
literature and from the experiences - from previous civil 

engineering projects - of the project managers of the 
organisation. Common barriers and enablers for the 
implementation of sustainable infrastructure development in 
the construction industry were identified via literature. Five 

completed projects of the organisation were selected and 
their (corresponding) project managers were interviewed. 
The findings from the interviews were used to confirm the 
findings from the literature and to gain more insights from 

practice. The selected projects purposely differed in terms of 
project type and in the extent to which sustainability or 
sustainable development was a key subject in the project. In 

this way, the projects provided insights into the variety of civil 
engineering projects, the common barriers and enables, and 
where the ISPA tool should be suitable for. Furthermore, the 
project manager was asked how the sustainability level could 

have been improved and what the role of the ISPA tool could 
have been in the project.  

Semi-structured 

interviews (SSI)  
Projects 
- Het Brugje, Odijk 

- Zuivelstraat, 
Oldenzaal 
- Stationsplein 
Zwolle 

- Havezate Es, 
Hardenberg 
- Stepelerveld, 
Haaksbergen 

 
Literature 
(Munyasya & 

Chileshe, 2018) 
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Expert opinion 
workshop with the 

owner, project 
managers (2) and 
advisor sustainable 

area development of 
the organisation. 
Based on: 
- NGT procedure 

- MoSCoW method 
- SA framework 

The goal of the expert opinion workshop is to define the 
sustainability & design framework (SDF) together with the 

organisation, since they are the most experienced and 
knowledgeable in the (sustainable) civil engineering projects 
with the municipalities and they are going to work the most 

with the ISPA tool. The SDF consists of four aspects, namely 
(1) the sustainability values and principles of the organisation, 
and (2) the decision context, (3) the objectives and (4) the 
requirements of the new ISPA tool. These four aspects are 

based on the SA framework. In this SA framework, the 
decision context consists of multiple elements, where the 
most of these elements were already defined at the start of 
the ADR project, so only (the last) two elements had yet to be 

addressed: 
- the objective(s): research objective 
- the actors: the organisation and municipalities  

- the scale: civil engineering projects with a small 
spatial scale, mostly within built-up areas 

- the activity affected by the decision: the decision-
making process during the whole project 

- the approach: scenario planning ‘’what if’’  
- the impacts of interests: t.b.d. (broad perspective on 

sustainability: three dimensions & Dutch policy) 
- the uncertainty and complexity of the decision: t.b.d. 

The Nominal Group Technique (NGT) has been chosen as 
group consensus method for the workshop, to generate and 
prioritize ideas in a structured manner. The NGT procedure 

involves four steps, which are (1) silent generation of ideas, 
(2) round-robin recording of ideas, (3) discussion of ideas and 
(4) prioritization of ideas. Benefits of the NGT procedure are:  

- it limits the influence from group dynamics and the 

influence from the researcher in the discussion;  
- it promotes equal input and opinions from all 

participants; 

- it prevents participants from dominating the 
discussion from the start;  

- it enables the researcher to easily collect and process 
the data 

So, for each question the expert team had to (1) individually 
produce ideas/answers, (2) present the ideas/answers one-
by-one, (3) discuss all ideas/answers and (4) prioritize the 
ideas/answers with the whole group. The questions were 

formulated, based on the four aspects of the SDF, for the tool: 
- what are the sustainability values and principles of 

the organisation? 

- what are the objectives of the ISPA tool? 
- what are the mandatory, essential, nice-to-have and 

not essential yet requirements of the ISPA tool? 
- what are the (possible) sustainability impacts and 

indicators of interest? [decision context] 
- what should be the complexity/uncertainty ratio of 

the ISPA tool? [decision context] 
The MoSCoW method has been used to prioritize the 

requirements (step 4) of the ISPA tool. With this method the 
requirements are categorized into four groups, namely (1) 
must have, (2) should have, (3) could have and (4) won’t have. 

This method is highly suitable in the diagnosis phase, since 
the requirements are specified in a low level of detail and the 
organisation has only a general idea of the tool and what they 
need out of it.  

NGT-procedure 
(Laenen, 2015; 

Manera et al., 
2019; Mukherjee 
et al., 2018) 

 
MoSCoW method 
(Hatton, 2008) 
 

SA framework 
(Sala et al., 2015) 
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D
e

si
gn

 
Formalisation of 
design principles. 

Based on: 
- Structure format of 
design principles 

- Sustainability & 
design framework 

The initial set of design principles is derived from the 
objectives and requirements of the SDF of the diagnosis cycle. 

The formalisation structure of design principles consists of (1) 
material property, (2) activity of users and (3) boundary 
conditions. The initial design principles are further specified 

to design features and instantiated into a prototype SA tool. 

Formalisation 
structure of 

design principles 
(Chandra et al., 
2015) 

Design features 
(Bilgeri & Zurich, 
2019; Meth et al., 
2015) 

Formalisation of two 

key themes and the 
categories for the 
prototype ISPA tool.  
Based on: 

- Research objective 
and results of the 
diagnosis stage 
- Review framework 

for related SA tools 
- Review of related 
SA tools, which are 

(1) CEEQUAL, (2) 
Envision, (3) 
BREEAM-NL and (4) 
LEED-ND.  

The two key themes of the ISPA tool are derived from the 

research objective and the results of the diagnosis stage. The 
categories of the ISPA tool are derived from the problem 
context of both the municipalities and the companies in the 
civil engineering sector (see also Diagnosis) and underpinned 

with the results of a review of related SA tools. 
 
The goal of the review of related SA tools is to gain insights 
into which extent current well-known integrated SA tools 

address sustainable development topics of interest of 
municipalities, to define suitable categories for the tool. For 
the review of the related SA tools, two infrastructure SA tools 

(CEEQUAL & Envision) and two urban SA tools (BREEAM-NL 
Gebied & LEED-ND) are selected. These SA tools provide an 
integrated approach by addressing multiple dimensions of 
sustainable development and the manual is online available. 

In the review framework, the criteria of each SA tool are 
reviewed in relation to the three sustainable development 
dimensions, extra dimension(s), energy transition, climate 

change adaptation, circular economy, environmental vision 
and participation. The criteria are labelled as ‘not applicable’, 
‘semi-applicable’ and ‘fully applicable’ per theme. The 
inclusion of these themes is summarized per theme and per 

SA tool, to compare the different criteria and SA tools. 

Review 

framework 
related SA tools 
(Ameen et al., 
2015; Kaur & 

Garg, 2019) 
 
Related SA tools  
(BRE Global 

Limited, 2020; 
Dutch Green 
Building Council, 

2018; Institute for 
Sustainable 
Infrastructure, 
2018; USGBC, 

2021) 

Development 
prototype SA tool 
(rubric per category). 
Based on: 

- Steps for the 
construction of 
(scoring) rubrics 

- Scientific literature 
- Grey literature 
- Input of the 
organisation 

Rubrics are common assessment tools in education and used 
for evaluating student performances, but rubrics are also 
suitable for evaluating sustainability performance in civil 
engineering projects, in a practical way. The prototype SA tool 

is developed by following the general guidelines for 
constructing scoring rubrics. The steps are (1) determine 
performance objectives, (2) choose a rubric type, (3) 

determine dimensions and criteria - rows, (4) create 
performance levels - columns, and (5) create descriptions for 
the criteria along the performance levels - cells.  
The dimensions, criteria and descriptions are derived from a 

mixture of scientific literature and grey literature on the topic 
of sustainable development and sustainability legislation, 
policy, methods and tools in the Netherlands and in the civil 
engineering sector. The justification of the criteria is based as 

much as possible on open-source literature to ensure the 
accessibility and usability of the ISPA tool. Furthermore, the 
expert opinion team of the organisation provided input and 

feedback, via multiple design feedback sessions. In these 
sessions, a conceptual, intermediate version of the prototype 
ISPA tool was presented by the researcher. The expert team 
was asked to provide input and ideas on major design issues, 

viable solutions and decisions, and were asked to fill in 
knowledge gaps of the researcher on the application domain.  

Rubrics: steps for 
the construction 
(Roell, 2019; 
Stevens & Levi, 

2013) 
Rubrics: 
background 

literature 
(Allen, 2020; Allen 
et al., 2018; King 
et al., 2013; 

Stevens & Levi, 
2013; Stone-
Jovicich, 2015) 
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The last step of rubric construction is testing, refining and 
revising. This is done in the iterative development process.  

Formalisation of the 

final sustainability 
project score. Based 
on: 
- Analytical rubric 

scoring method & 
rating scale 
- Compensation 

(literature/theory) 
- Discussion with the 
expert team of the 
organisation 

The end result of the usage of the prototype ISPA tool is 

represented in the final sustainability project score. A lot of 
different scoring methods are available. The analytical scoring 
method is chosen, since it fits the chosen rubric type and it is 
able capture performance differences over multiple 

categories. The method is also suitable for enhancement of 
the reliability and accuracy of scoring. Together with the 
expert team, other features are discussed and decided upon. 

These were the rating scale, the compensation rules (in 
relation with weak vs strong sustainability), the visual 
representation, and the possibilities for adding weights to 
categories (in the future).  

Analytical rubric 

& rating scale 
(Galti et al., 2018; 
Gentile, 2018; 
Jonsson & 

Svingby, 2007; Li 
& Wang, 2021; 
Molkenboer, 

2017) 
Compensation 
(de Mare et al., 
2015; Sironen et 

al., 2015) 

Formalisation of the 
four usage steps of 
the ISPA tool in the 
project process. 

Based on: 
- Research objective, 
SDF and design 

principles 
- Input expert team 
- Questions for intake 
meeting are derived 

from the rubric ISPA 
tool 

The usage steps of the ISPA tool are formulated in close 
cooperation with the expert team and are based on the 
design principles, the objectives and requirements stated by 
the organisation in the SDF. The four steps are created to 

enable the actors to integrate and align project decisions and 
activities throughout the whole project process for 
sustainability inclusion. The usage steps complement other SA 

tools by focussing specifically on assisting the decision-making 
process for project sustainability inclusion, instead of 
providing an ex-post assessment of the project. The main 
objective of the usage steps is to provide a structure to the 

usage of the tool throughout the whole project and to assist 
the actors in the decision-making process. The four usage 
steps follow the changes in the uncertainty and complexity 
ratio during the project process. 

 
For the first usage of the ISPA tool in the project process with 
the municipalities, the project intake meeting has been set-

up. For the quick scan of the current sustainability level of the 
project and the ambitions of the municipality, relatively 
simple and more general questions with explanatory notes 
and examples are formulated per category. These questions 

are derived from the prototype ISPA tool and knowledge (for 
the organisation) about which topics and kind of questions 
municipalities can relate to. In this way, the abstraction level 

of the rubric ISPA tool fits to the start of the project, where 
detailed information is not available and project decisions 
does not have to be very specific yet. 

 

Im
p

le
m

e
n

ta
ti

o
n

 

Prototype SA tool 
(rubric) testing and 

reviewing with(in) 
the organisation. 
Based on: 
- Rubric and SA tool 

qualities 
- Completed 
project(s) 
- IT dominant BIE 

cycle 

After the development of the first version of the prototype 
ISPA tool (rubric), the tool is first tested with the expert team 

of the organisation. This corresponds with the IT dominant 
BIE cycle (of ADR) and ensures internal validity. The internal 
test sessions at the organisation consisted of two parts, in 
which (1) the (rubric) tool was tested on a completed project 

by indicating the sustainability performance level for all 
criteria and (2) the rubric was reviewed on several 
performance qualities. The evaluated performance qualities 
in this tool review are:  

- Practicability & feasibility: are the criteria user 
friendly, easy to understand and feasible to assess 
and/or obtain? 

- Performance level classification: are the descriptions 

Rubric and SA tool 
qualities  

(Bartke & 
Schwarze, 2015; 
Jonsson & 
Svingby, 2007; 

Sala et al., 2015; 
Stevens & Levi, 
2013) 
 

IT dominant BIE 
cycle 
(Sein et al., 2011) 
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along the performance levels consistent and do they 
fit to the performance level? 

- Clarity & unambiguity: are the criteria and 
descriptions along the performance levels clear, and 
formulated in such a way that a second 

assessor/assessment would give the same result? 
- Relevance: are the criteria relevant and important, or 

superfluous? 
- Logic & reliability: are the criteria sound and is the 

quality sufficient? 
The second prototype is tested in the same manner, but then 
after the external test sessions with the municipalities to 
simulate the usage process of the ISPA tool. The tool is tested 

in the same expert team member pairs of the intake meeting 
and with the project, which was chosen by the municipality 
and discussed during a project intake meeting. The advantage 

of testing and reviewing the tool in pairs, instead of 
individually, also provokes discussion and can lead to other 
feedback compared to the first tool evaluation.  

Project 
Sluiskade & the 

self-chosen 
projects of the 
municipalities of 

Haaksbergen and 
Oldenzaal (test 
session, intake 
meeting) 

 
 

Tool test/pilot 
sessions with 

municipalities. Based 
on: 
- Experimental 
evaluation approach 

of DSR 
- Self-chosen project 
by the municipality 

- Semi-structured 
interview 
- User Experience 
Questionnaire (UEQ) 

- IT dominant BIE 
cycle 

After the development of the second prototype, test/pilot 
sessions were held in cooperation the organisation and 

municipalities. This corresponds with the IT dominant BIE 
cycle (of ADR) and ensures external validity. During these test 
sessions, the project intake meeting was performed for a 
project of the participating municipality. The project intake 

meeting consists of an introduction, a short exploration of the 
project, quick scan questions per category and questions 
directed towards ambitions. The project intake meeting was 

carried out by two expert team members of the organisation, 
so they could practice the use of the tool and the researcher 
could observe the session. After the project intake meeting 
the participants were interviewed. The interview consisted of 

two parts, which were (1) the User Experience Questionnaire 
(UEQ) and (2) a semi-structured interview with open 
questions. The UEQ is applied to test if the user experience is 
sufficient, in a fast and immediate manner. The semi-

structured interview contained open questions to obtain 
more insights and feedback on the tool itself and to check 
whether the tool meets the research objective.  

Experimental 
evaluation 

approach 
(Hevner et al., 
2004) 
 

UEQ 
(Schrepp et al., 
2014) 

 
IT dominant BIE 
cycle 
(Sein et al., 2011) 

 
Projects  
- De Stakenbeek, 
Oldenzaal 

- Oude N18, 
Haaksbergen 

Ev
o

lu
ti

o
n

 

Final evaluation: 

verification of the 
ISPA tool against the 
design principles and 
(requirements of) the 

SDF 

The final version of the prototype ISPA tool was evaluated, by 

conducting a verification of the ISPA tool against the design 
principles and the sustainability and design framework (SDF). 
From the SDF, the requirements are compared to the final 
ISPA tool, to compare which requirements have been 

implemented in the ISPA tool, and which requirements have 
not been met (yet).  
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Qualitative 
uncertainty analysis 

- Three step 
approach 
- Analytical 

framework for the 
identification of 
uncertainty sources 
- SA framework and 

other authors 
(underpinning)  

When the functional performance of the ISPA tool was 
satisfactory, the uncertainty analysis was performed. 

Uncertainties and sensitivities in a SA should be systematically 
analysed and clearly communicated to the users of the SA, 
according to multiple authors. To assess the uncertainties in a 

structured, qualitative way, a combination of the three-step 
approach and the analytical framework were chosen. The 
analytical framework is used, because it is developed for 
strategic environmental assessments, which relates closely to 

integrated sustainability assessments for decision-making 
processes. In this analytical framework, the uncertainties of a 
SA tool are categorised into four uncertainty types, namely (1) 
inherent uncertainties, (2) scientific uncertainties, (3) social 

uncertainties, and (4) legal uncertainties. In this study, after 
the identification and classification of the uncertainties of the  
ISPA tool, the uncertainties are characterised and scaled as 

‘’low’’, ‘’medium’’ or ‘’high’’. Similar to a r isk assessment, the 
likeliness and the size of the impact are estimated and 
multiplied to determine the scale of the uncertainty. So, 
uncertainties which are characterized as ‘’high’’ are highly 

likely to occur and the have a significant impact on the usage 
and/or the results of the assessment. 

Three-step 
approach 

(Salway & 
Shaddick, n.d.) 
Analytical 

framework 
(Bodde et al., 
2018) 
Underpinning 

analysis for SA 
(Ciuffo et al., 
2012; Sala et al., 
2015; Singh et al., 

2009) 

Table 4: Data collection methods and activities, per ADR stage.  

Appendix B 

Results of the expert opinion workshop 

Question: what are the sustainability values and principles of the organisation? 

‘’No castles in the 
air/pie in the sky’’ 

Stay realistic, honest and reliable 

‘’For the present and 
the future’’ 

Working on challenges of the present, with a forward-looking view and 
future-oriented solutions 

‘’Broad-based 
interests and 
knowledge’’ 

Sustainability and sustainable development (projects) are broad topics, so 
it is important (and almost required) to be broad-minded and have broad 
knowledge 

‘’Involved together’’ 
Well-connected and long-term relationships with the clients and partners, 
with good cooperation before, during and after the project(s)  

‘’With pleasure’’ Work pleasure between colleagues and with partners (during projects) 

Question: what are the objectives of the ISPA tool? 

‘’Insight into 
sustainability’’ 

The ISPA tool provides insight* into (a broad range of different aspects) 
sustainability/sustainable development. *First insight(s) should be ‘’quick’’ 

‘’Measurable and 
integral approach’’ 

The ISPA tool provides an integral and measurable approach to 
sustainability/sustainable development 

‘’Realistic, within 
boundaries project’’ 

The ISPA tool provides a realistic ‘’design/result’’ within the boundaries of 
the project (in terms of time, money etc) 

‘’Connection 
between disciplines’’ 

The ISPA tool connects different disciplines (of sustainability/within 
municipalities/within civil engineering) 

‘’Gives confidence, 
success factor’’ 

The ISPA tool gives confidence, by being an important success factor within 
the project 

‘’Make sustainability 
the standard’’ 

The ISPA tool will ensure that sustainability/sustainable development 
becomes standard/completely normal within projects (in the future) 

Question: what are the mandatory, essential, nice-to-have and not essential yet requirements of 
the ISPA tool? 

Mandatory 
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Easy to understand, 
explain and use 

The ISPA tool is unambiguous and only be used/explained in one way. 
Criteria and indictors are logical, underpinned and easy to explain.  

Flexible and 
expandable 

The ISPA tool is scalable to the type, the size and the current phase of the 
project. The tool is expendable with new components and knowledge. 

Concrete and 
measurable 

The criteria of the ISPA tool are concrete and make 
sustainability/sustainable development measurable.  

Quick scan & 
ambition level 

With the usage of the ISPA tool, a quick scan can of the project can be 
performed and the ambition level(s) of the project can be defined.  

Standard format The ISPA tool is presented in a standard and structured format 

Essential 

Visually appealing 
and user friendly 

The (output of the) ISPA tool is visually appealing, ‘’quickly’’ provides a 
good overview of (different) sustainability aspects and make it easier to 
draw a conclusion in one glance. The interface of the tool is user friendly.  

Project process 
The ISPA tool fits into the design processes of the organisation and the 
process of civil engineering project of municipalities. 

Simple and flexible 
usage 

The ISPA tool can be used with standard/commonly used software. The 
tool can be used with clients physically/on-the-spot and digitally/online 
survey (intake project). 

Output (format) 
The output of the ISPA tool is/can be a programme of requirements, one 
page/A4 with the key points, report, and advice. 

Integrated functions 
Responsibilities, actions, and changes can be defined and updated 
throughout the project process. These functions are integrated in the ISPA 
tool.  

Nice-to-have 

Connected 
The ISPA tool is connected to (standard) measure- and calculation 
methods, subsidies and funding possibilities, and other certifications (not 
SA tools). 

Extra functions 
Traceability of input (notes participants and talking points), data export 
function (for a trade-off matrix/TOM) and a filter function  

Not essential yet 

Possibilities 

Possibility to substantiate the decision-making process with costs as 
criteria/indicator 

Possibility to define focus/scores per category 
Possibility for the client to do an online assessment or quick scan 

Question: what are the (possible) sustainability impacts and indicators of interest? [decision 
context] 

Circular economy 
Indicators: circularity level (e.g., 10R method), (re)use and recycling of 
materials, LCA & MKI, lifespan of materials, and waste streams. 

Climate change 
adaptation 

Indicators: water storage and heat stress. Possible solutions/measures: 
extra infiltration, retention and uncoupling drainpipe (rainwater).  

Energy transition Indicators: renewable energy, energy usage, and CO2 emission reduction. 

Environment 
Indicators: nature and ecology, biodiversity, cultural and geological 
history/heritage, land contamination and remediation, noise and 
vibrations, creative design and lay-out of public space, and mobility. 

Project & process 
management  

Indicators: MVO, SROI, actor participation (ladder), progressive policy 
goals, method/way of tendering, flexible and adaptive (subsurface) way of 
designing, linkage opportunities with other projects, and ‘’make work, with 
work’’ (smart project planning & phasing). 
Integration: process from idea up till maintenance & management phase  
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Question: what should be the complexity/uncertainty ratio of the ISPA tool? [decision context] 

The ratio (and the tool) should be flexible, to be suitable for the whole project process. *  
Start of the project Low complexity, high uncertainty (accessible, less data and knowledge) 

End of the project High complexity, low uncertainty (reliable, more data and knowledge) 
Table 5: Results of the expert opinion workshop, with the expert team of the organisation. 

*Extra explanation flexible complexity/uncertainty ratio: To achieve the research objective and to f it 

the ISPA tool to the problem context, the complexity and uncertainty level of the ISPA tool should 

not be fixed, but should fit and adapt to the project phase, according to the expert team. Generally, a 

project process develops from a very conceptual level to a very detailed and sophisticated level. At 

the start of the project, there is little information and knowledge available of the pro ject, which 

causes a high level of uncertainty. This results in very conceptual ideas, relatively simple solutions 

and draft designs. When the project process proceeds, more information and knowledge becomes 

available. The ideas, solutions and designs become more concrete, specific and detailed. This results 

in a higher level of complexity, but also a lower level of uncertainty.   

As discussed in the problem context (section 4 Diagnosis), it is important for the organisation to focus 

on (sustainable) project and process management, because the ISPA tool should provide directives 

and assist the decision-making process for sustainability inclusion. Therefore, it is needed to 

integrate the project process from the beginning up till the end of the project, by aligning the 

different project phases. The project decisions and activities of every project phase are dependent on 

the available knowledge and data. Therefore, the allowed complexity is low, and the uncertainty is 

high - due to little data and knowledge - at the start of the project, which is required to ensure the 

accessibility of the ISPA tool. At the end of the project, the required complexity is higher, and the 

uncertainty is lower due to more sophisticated data and knowledge on the project, which is requir ed 

to improve the reliability of the ISPA tool. 
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Appendix C 

Relation between the design principles and the design framework 

 

Figure 7: Relation between the design principles and the SDF. All design principles are based on a combination of an 
objective and a requirement for the ISPA tool. Only DP4 is an exception, because this DP is based on a combination of a 
requirement and the uncertainty/complexity ratio (of the decision context). In this way, almost all (important) elements of 

the SDF are incorporated in the design principles. 

Appendix D 

Categories of the ISPA tool, underpinned with results of the diagnosis stage and the review of 

related SA tools 
 Categories Diagnosis stage Review related SA tools 

Su
st

ai
n

ab
le

 g
o

al
s 

Circular 
economy & 

resources 

- Key sustainability topic municipalities 
- National plan on circularity (100% circular 

in 2050) 

- Medium addressed in SA tools 
- Often addressed with (a category) 

‘’resources’’ 
- Focussed on environmental and 
economic dimension 

Climate 
change 

adaptation 

- Key sustainability topic municipalities 
- National plan on climate change 

adaptation (DPRA) 

- Little addressed in SA tools 
- Focussed on water, and 

(risk)assessment & management 

Energy 
transition 

- Key sustainability topic municipalities 
- National plan on energy transition 

- Very little addressed in SA tools 
- Only fully applicable criteria 

Nature & Soil - Important part in the environmental 
vision 
- Close relation with climate change 

adaptation 

- Often addressed in all SA tools 
- Represents the environmental 
dimension (focussed on protection 

and improvement) 

Mobility - Important aspect in built-areas, where 
transport by foot, bike and public transport 

- Often addressed in area-
development SA tools. Focus on 
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can be prioritized above motorized 
transport (Dutch: langzaam verkeer) 

- Mobility plan municipality, which is 
closely related to environmental vision 

accessibility, slow traffic and 
integrated networks  

- Represents social and environmental 
dimension 

Su
st

ai
n

ab
le

 p
ro

ce
ss

 

Participation 
& spatial 
quality 

- Key sustainability topic municipalities 
(participation & environmental law) 
- Early involvement of stakeholders 

- Represents the social dimension 
- Participation often addresses public 
space and design choices 

Ideation & 

design 

- First project phase 

- Important to include sustainability 
objectives as early as possible 
- Important to focus on adaptability and 

future-proof design 

- Represents the major extra 

dimension (project management) 
- (area) SA tools (also) focus on the 
project location: cultural heritage, 

smart/efficient use of land and social 
functions 

Execution - Project phase where communication and 
collaboration are very important 
- Project phase where sustainability 

aspects are important (not only design) 

- Represents the social, environmental 
and project management aspects 
- Construction impacts (air, noise, 

light) are addressed by all SA tools 
Maintenance 

& asset 
management 

- Often too late involved in the project 

- Asset management is important for the 
life cycle sustainability performance 

- Very little addressed in SA tools 

- Often relates to ‘’innovation’’ (extra 
dimension)  

Table 6: Categories of the tool, underpinned with results of the diagnosis stage and the review of related SA tools  

Review of related SA tools 
To gain insights how the tools address the problem context of this ADR project, four well-known 

tools - CEEQUAL, Envision, BREEAM-NL Gebied and LEED-ND - are reviewed into which extent they 

address sustainable development topics of interest of municipalities, the three dimensions of 

sustainability and extra dimension(s). All criteria were assessed and labelled as ‘’fully-applicable’’, 

‘’semi-applicable’’ or ‘’not-applicable’’. The result is presented in Table 7 visually presented in Figure 

8, which combines the fully- and semi-applicable criteria in one figure. 

Percentage of criteria 
per SA tool which (fully 

or semi) address: 

CEEQUAL Envision BREEAM LEED 

Fully ● Semi ○ Fully ● Semi ○ Fully ● Semi ○ Fully ● Semi ○ 

Environment 27% 47% 22% 47% 15% 45% 20% 44% 

Social 13% 33% 15% 39% 17% 34% 30% 22% 

Economy 7% 17% 6% 24% 4% 17% 0% 8% 

Extra dimension(s) 13% 7% 19% 7% 9% 6% 10% 2% 

Energy Transition 3% 3% 8% 0% 6% 0% 10% 0% 

Climate change 
adaptation 

7% 3% 10% 14% 6% 9% 10% 6% 

Circular economy 20% 10% 17% 14% 13% 4% 10% 4% 

Environmental 
Vision 

17% 23% 17% 31% 26% 26% 36% 28% 

Participation 3% 33% 12% 14% 11% 17% 2% 6% 
Table 7: Results of the review of related SA tools 
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Figure 8: Applicability and division of SA tools criteria on the sustainability dimensions (environment, social, economy and 

'extra'/other) and key sustainability topics (circular economy, climate change adaptation, energy transition, environmental 
vision and participation). The four SA tools are CEEQUAL, Envision, BREEAM-NL Gebied and LEED-ND. 

The review showed that, for the sustainability topics, energy transition and climate change 

adaptation are the least addressed by the SA tools. Although, criteria which addressed these themes, 

are often fully applicable. Circular economy is addressed a bit more, also often with fully applicable 

criteria, and it is addressed by the categories or criteria containing the word ‘’resources’’. The low 

percentage of criteria which address these three topics - energy transition, climate change 

adaptation and circular economy - show the lack of attention for these topics and make it also 

difficult to properly address these topics when there is a lack of suitable and comprehensive criter ia 

and indicators. The other sustainability topics, participation and the environmental vision, are 

addressed often with semi applicable criteria. Environmental vision is addressed the most in the area 

development SA tools (BREEAM and LEED). This is not a surprising result, since the environmental 

vision covers a lot of aspects in general and specifically in area development.  

From the sustainability dimensions, the order of occurrence in the tools  - from high to low - is (1) 

environmental, (2) social and (3) economy and project management (extra dimension). They are 

mostly addressed with semi-applicable criteria because these dimensions are not very specific and 

can be interpreted quite broadly. This is also caused by the lack of the theoretically rigorous 

description of these dimensions, since they have gradually emerged from various ideas and critiques 

in academic literature (Purvis et al., 2019). It is important to create a balance between the 

dimensions in the new tool. 
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Appendix E 

Artefact development - implementation of design principles and features 
The implementation of the design principles (DP) and design features (DF) is mainly indicated, by 

putting it at the end of the sentence within brackets. The list of design principles and features can be 

found in the main text in Table 2. 

The prototype ISPA tool - a performance assessment rubric 
For the development of the prototype ISPA tool a specific format has been chosen, namely the 

performance assessment rubric. According to Allen et al (2018) rubrics are useful for addressing 

complex tasks, while they are also easy to use and explain. Rubrics have five beneficial 

characteristics, namely that they (1) provide transparency, (2) define the things that matter (with 

criteria), (3) define what different levels of performance look like, (4) integrate expectations, policy, 

data sources and evidence, and (4) keep the evaluation focused on the things that matter (King et al. ,  

2013). Rubrics are often used in education to provide meaningful feedback to students, because 

rubrics provide the students insights into their strengths and weaknesses (Gentile, 2018; Stevens & 

Levi, 2013). This is also beneficial for civil engineering projects, because rubrics can support the 

project team to ‘’articulate system shortcomings in a concrete way and provides guides to look for 

improvement’’ (King et al., 2013, p. 290). These characteristics of rubrics suit to the research 

objective, the SDF and the design principles. Therefore, the prototype ISPA tool is developed by 

following the general guidelines for constructing scoring rubrics (Roell, 2019; Stevens & Levi, 2013). 

The steps are (1) determine performance objectives, (2) choose a rubric type, (3) determine 

dimensions and criteria - rows, (4) create performance levels - columns, and (5) create descriptions 

for the criteria along the performance levels - cells. An extra step is added to provide a final score: (6)  

create a final score overview. The rubric structure, which corresponds with these steps, is visually 

represented in Figure 9. 

 Performance levels 
Poor Fair Good Excellent 

Dimensions, 
categories 

Criterion A description description description description 
Criterion B description … … … 

Criterion n description … … … 
Figure 9: Rubric structure 

Choose a rubric type 
Holistic rubrics have a single rating scale, which makes them more suitable for quickly providing 

general feedback, but which makes their reliability also very dependent on the assessor (Galti et al. ,  

2018; Jonsson & Svingby, 2007). The analytical rubric type is chosen, because this rubric type breaks 

down an assignment into multiple categories and it is two-dimensional (criteria and performance 

levels). Therefore, it is suitable for complex assignments and useful in providing feedback on areas of  

strength and weakness.  

The choice has been made to create one rubric for each category (Figure 5), to keep the assessment 

organised and to create flexibility. If one or multiple categories do not apply to the project, they can 

easily be left out without losing the value of the tool and the tool results ( DF3a). The categories are 

identified and formulated based on a combination of the results of the diagnosis phase and an 

additional review of related SA tools, as presented in Table 6 in Appendix D (DF1a). 

Determine dimensions and criteria - rows 
The subcategories form the dimensions of each rubric. For the formulation of subcategories, all 

criteria of the reviewed SA tools were used. The fully- and semi-applicable criteria per theme were 

organized in subthemes, by clustering criteria with the same words or synonyms around a subtheme. 
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Table 8 shows an example where criteria with the term ‘renewable energy’ are clustered in the 

subtheme ‘renewable energy’ and criteria with ‘emissions’ are clustered in the subtheme ‘emission 

reduction’.  

Theme Subtheme Criteria  SA tool Applicability 

Energy 

Transition 

Renewable 
energy 

Generate renewable energy BREEAM ● 

Renewable energy production LEED ● 

Emission 
reduction 

Reduction of GHG emissions Envision ● 

Reducing whole life carbon emission CEEQUAL ○ 
● = fully applicable ○ = semi applicable 

Table 8: Example creating subthemes, by clustering criteria 

The initial subcategories were discussed with the expert team and refined in the iterative design 

process. The final subcategories for all categories are represented in Figure 10 and represents DF1a. 

 

Figure 10: Categories and subcategories of the ISPA tool 

The identification and formulation of criteria and indicators is related to the design features, as 

presented in Table 9. 

Criteria characteristics Design feature 

The criteria and indicators are derived from a mixture of scientific literature and grey 
literature on the topic of sustainable development and sustainability legislation, policy, 

methods and tools in the Netherlands and in the civil engineering sector. The criteria are 
formulated as concrete and straightforward as possible. 

DF5c 

The justification of the criteria is based as much as possible on open-source literature to 
ensure the accessibility and usability of the ISPA tool. 

DF2a 

The criteria are set-up in such a way that they have logical linkages with other criteria 
within the category, but also with other categories. 

DF1b 

The criteria do not relate to the project size (within small scale municipal projects) . DF3b 

The criteria which are related to the project type and/or other specific characteristics can 

be left out of the assessment. 
DF3a 

Table 9: Criteria characteristics and their related design feature 

 

Resources & CE

Smart design Material choice Material usage End-of-life Data & innovation

Climate change 
adaptation

Risks & vulnerabilities Measures Precipitation & flooding Heatstress & drought
Watersystem & other 

climate effects

Nature & Soil

Nature & green Soil Pollutants Management

Mobility

Inventory & integration Slow traffic Public transport & multi Sustainable transport

Energy Transition

Renewable energy
Reduction & 

compensation Subsurface infrastructure

Participation & spatial 
quality

Participation
Participationplan & 

process
Usage value & 

preferences
Quality of life & (social) 

safety Spatial quality

Ideation & design

Sustasinable project 
organisation & plan Land use Cultural-historical values Social facilities

Adaptive & future-proof 
design

Exexution

Responsible project 
organisation & 

construction site

Costruction impacts & 
disturbance Logistics & phasing

Residual waste & 
pollution

Maintenance & asset 
management

Engaged maintenance & 
asset management

Monitoring & 
management Data & innovation
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Create performance levels - columns 

The next step of the rubric development was the creation of performance levels, to define what 

different levels of sustainability performance look like  (DF5a). The chosen amount of performance 

levels is four, which is appropriate amount for an assessment rubric (Stevens & Levi, 2013). The four 

levels are ‘’poor’’ (onvoldoende), ‘’fair’’ (basis), ‘’good’’ (goed) and ‘’excellent’’ (uitstekend) .  ‘ ’Poor’’  

indicates what is insufficient and ‘’fair’’ indicates what the minimum requirements are. This level 

aims to ensure that the project does not causes unacceptable negative impacts. ‘’Good’’ and 

‘’excellent’’ indicate that the project has provided a signification contribution to the project 

sustainability performance.  

Create descriptions for the criteria along the performance levels - cells 

The required sustainability performance level gradually increases from ‘’poor’’ till ‘’excellent’’  and is 

stated in the descriptions for the criteria along the performance levels. These are formulated in such 

a way that (1) the users can indicate shortcomings and guides for improvement (DF2b), and that (2) 

they allow flexibility in the uncertainty/complexity ratio (DF4a). For some of the rubric criteria, it is 

needed to underpin why and how the performance level is obtained. For these criteria, t he 

description per criterium gradually increases for each performance level from low complexity/high 

uncertainty to high complexity/low uncertainty, so that the users can start on a simple/rough level 

with a little amount of knowledge and data and encourages users to end on a complex/specific level 

with adequate data and knowledge. To obtain the performance level ‘’poor’’ and ‘’fair’’, the 

descriptions for these criteria state that little usage of specific knowledge, data, and tools, and just a 

rather brief and simple underpinning of choices is required. In cases where data and tools are 

required, these are open source and accessible for free  (DF5c). To obtain the performance levels 

‘’good’’ and ‘’excellent’’, the descriptions for these criteria, state that the usage of (specific) data, 

models, and tools, the knowledge and/or advice from experts and quantitative, detailed and 

elaborate underpinning of choices is required.  

Create a final score overview (extra step) 
The rubric(s) define the sustainability performance level for the criteria, but these are not very 

valuable and user-friendly measuring and visualising the sustainability performance level for the 

whole project. Therefore, the end result of the usage of the prototype ISPA tool is represented in a 

score overview (DP6), which is shown in Figure 11. 
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Figure 11: Score overview of the SA tool. The final score per category shows the scores per category in a sunburst diagram. 
The project score is presented in relation to the context score and the maximum tool score in a bar chart. 

The score overview consists of two parts which are (1) final score per category in a sunburst diagram 

and (2) the project score in relation to the context score and the maximum tool score, in a bar chart. 

The first part gives an overview of the performance scores per category (DP2), to show on which 

categories the project has obtained a high score and on which categories the project scored less 

(DF6a). The second part gives an overview of what could have been done within the boundaries of 

the project (DP3), with the context score, and what has been done at the end of the project ( DF6b) .  

These two visual representations are chosen together with the expert team of the organisation.  

The analytical scoring method is chosen to obtain the end-scores, since it fits the chosen rubric type 

and it is able capture performance differences over multiple categories. The method is also suitable 

for enhancement of the reliability and accuracy of scoring (Jonsson & Svingby, 2007). Together with 

the expert team, the rating scale and the compensation rules were discussed and decided upon. To 

keep the scoring method as simple and attractive as possible, the 1-2-3-4 rating scale and minimal 

compensation rules were selected. Compensation is allowed, to make it more attractive for the end -

users to increase their sustainability performance. However, some constraints were formulated, and 

a few criteria were marked as mandatory for obtaining the ‘’excellent’’ score. 

The final rubric ISPA tool is formatted as a spreadsheet with one worksheet per category and a 

worksheet presenting the score overview. Each category worksheet is a rubric, where per criteria the 

obtained performance level can be selected via multiple choice buttons. The button returns a 1, 2, 3 

or 4 in the score column, depending on the selected performance level. The mandatory criteria for 

the ‘’excellent’’ performance score and the constraints are represented as checkbox. As stated in 

DF3a, criteria should also be allowed to be left out if they do not fit to the project type, phase and/or 

other characteristics. So, the number of applicable criteria can be adjusted to the project in each 

category sheet. This number is included in the calculation of performance score per category, and it 

directly changes the context score in the bar chart. The context score defines what the maximum 
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obtainable score is, within the boundaries of the project. The project score is the sum of the category 

scores, divided by the maximum achievable, absolute tool score.   

Design and development iterations 
During the ADR project process, the prototype ISPA tool is tested and evaluated to indicate 

shortcomings and other types of weaknesses. These provided input for the improvement of the 

prototype ISPA tool. In this way, the development process of the prototype ISPA tool moved from the 

Design cycle, to the Implementation cycle, and iterated back to the Design Cycle. The first prototype 

is revised and refined in two iterations. The first prototype was only the performance assessment 

rubric in a spreadsheet. The second prototype also included also the four usage steps of the tool in 

the project process. The third prototype included the final, elaborate score overview.  

The first and second prototype performance rubric tools were both times further improved by 

adapting and deleting subcategories, criteria and descriptions along the performance levels. Extra 

explanations, definitions and examples (of evidence) were added for more clarification, when 

necessary (DF5b). Furthermore, the instantiation of the design principles became more concrete with 

every iteration. Therefore, the design features were revised and refined a lot. An illustrative example 

is the change of DF6 from just ‘’a score overview’’ as initial design feature into two concrete and 

specific design features.   

Appendix F 

Feedback of the expert team on the first prototype tool - internal test session 

Feedback Recommendation Performance qualities 

Too little guidance, due to the lack 
of definitions, examples and extra 
explanation 

Addition of definitions, examples 
and extra explanation. 

Clarity & unambiguity, 
practicability & 
feasibility 

Too little difference/contrast 
between performance levels 
‘’poor’’ and ‘’fair’’ 

Revise and re-formulate the 
descriptions along the 
performance levels 

Performance level 
classification 

Assessment takes too much time Delete less relevant, not feasible 
and time-consuming criteria 

Relevance, practicability 
& feasibility 

Assessment of criteria is difficult 
when they are not or partially 
applicable to the project 

Addition of explanation when 
criteria can be left out and 
reformulation of criteria (no 
double-sided criteria) 

Clarity & unambiguity, 
practicability & 
feasibility 

The vague terms, such as ‘’as much 
as possible’’ and ‘’fit to’’ gives the 
assessor too much room for 
interpretation 

Remove vague terms from the 
criteria, by revising and 
reformulating the criteria 

Clarity & unambiguity 

The resources which substantiate 
the criteria cannot be found in the 
rubric, which requires extra effort 
to look it up  

Relocate the resources, which 
substantiate the criteria, to the 
rubric 

Reliability & logic 

Table 10: Feedback and recommendations, in general, for improvement of the first prototype. The feedback is provided by 

the expert team members in the first internal test session. The (main) findings are summarized by the researcher.  
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Appendix G 

The SSI and UEQ results of the external test sessions 

Characteristics of the (second) prototype ISPA tool & intake meeting 

Strong Weak 
Practical & pragmatic Lack of visualisations and concrete examples 

(presentation) Realistic & feasible 
Integrative & comprehensive 

No indication of which (kind of) persons/positions of 
the municipality are needed at the first meeting 

Quick insights and identification of 
ambitions 

Measurable and concrete decisions Introduction (of the tool) is too short 

Suitable/good for multiple types of small 
(scale) projects 

No (extra) explanation of the added value of the tool 
for small projects/lowest price 

Awareness of the complete project process A clear and concrete end-result is not (yet) provided 
at the end of the intake meeting Project monitoring & control 

Fits to current activities and topics of the 
municipality 

May take too much time and/or capacity during the 
project process (implementation of requirements) 

Table 11: Summarized interview results of the two external test sessions with the municipalities of Haaksbergen and 

Oldenzaal.  

 

Figure 12: UEQ result (n=3) 

All six scales - attractiveness, perspicuity, efficiency, dependability, stimulation and novelty -  show a 

positive evaluation, which indicates that the user experience of the municipalities is sufficient. The 

attractiveness, which indicates the overall impression of the product, has been evaluated the best. 

The dependability has been evaluated the lowest, which indicates that the users do not feel enough 

control while interacting with the prototype ISPA tool. This can probably be explained by the fact that 

during the project intake meeting the organisation leads the session and the client mainly provides 

information as input for the ISPA tool. So, the client does not have a lot of direct interaction with the 

ISPA tool in the first session.  
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Appendix H 

Verification of the ISPA tool requirements (from the SDF) 
Requirements (SDF) Implementation in the prototype ISPA tool 

M
an

d
at

o
ry

 

Easy to 
understand, 

explain and use 

 
V 

 

The ISPA tool is unambiguous and only be used/explained in one way. 
Criteria and indictors are logical, underpinned and easy to explain. 

Flexible and 
expandable 

 

V 
 

The ISPA tool is scalable to the type, the size and the current phase of the 
project. The tool is expendable with new components and knowledge. 

Concrete and 
measurable 

 
V 

 

The criteria of the ISPA tool are concrete and make sustainability and /or 
sustainable development measurable. 

Quick scan & 

ambition level 
V 

With the usage of the ISPA tool, a quick scan can of the project can be 

performed and the ambition level(s) of the project can be defined.  

Standard format V 
The ISPA tool is presented in a standard and structured format 
(spreadsheet). 

Es
se

n
ti

al
 

Visually appealing 
and user friendly 

V 
The (output of the) ISPA tool is visually appealing, ‘’quickly’’ provides a good 
overview of (different) sustainability aspects and make it easier to draw a 
conclusion in one glance. The interface of the tool is user friendly. 

Project process V 
The ISPA tool fits into the design processes of the organisation and the 

decision-making process of civil engineering project of municipalities. 

Simple and flexible 
usage 

V 
The ISPA tool can be used with standard/commonly used software. The tool 
can be used with clients physically/on-the-spot and digitally (intake project). 

Output (format) V 
The output of the ISPA tool is/can be a set of requirements, one page/A4 
with the key points, report and advice. 

Integrated 
functions 

X 
Responsibilities, actions and changes cannot be defined and updated 
throughout the project process. These functions are not integrated in the SA 

tool.   

N
ic

e
-t

o
-h

av
e

 

Connected X 
The ISPA tool partly connected to (standard) measure- and calculation 
methods and tools. The ISPA tool is not connected to subsidies and funding 
possibilities, and other certifications (not SA). 

Extra functions X 
Traceability of input (notes participants and talking points), data export 
function (for a trade-off matrix/TOM) and a filter function are not 

implemented in the ISPA tool 

N
o

t 

e
ss

e
n

ti
al

 

ye
t 

(extra) Possibilities 

X 
It is not possible to substantiate the decision-making process with costs as 
criteria/indicator, with the ISPA tool 

V It is possible to define focus/scores per category 

X It is not possible for the client to do an online assessment or quick scan 
Table 12: Verification of the ISPA tool requirements. The requirements are retrieved from the expert opinion workshop 
(Table 5). 

Appendix I 

Uncertainty analysis 
Uncertainty 

type 
Tool uncertainty 

Uncertainty 
scale  

Inherent 
uncertainties in 

the full range of  
impacts - ‘’we 
cannot know’’ 

The precise, full impact of the ISPA tool is unclear and depends on the 
application context and related systems [variability] 

Medium 

Cause-effect mechanisms and cumulative effects of the measures 
(which follow from the tool) are unknown, but could have significant, 

unforeseen impacts (on the system) 
Low 

Scientific 

uncertainties 
due to limited 

The assessment framework - the ISPA tool - may not be the best 

representation (e.g., quality, objectivity, reliability) of sustainability 
and/or sustainable development. Uncertainties occur in the (design) 

High 
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or incorrect 
information - 

‘’our 
information and 
understanding 

could be wrong 
and/or 

incomplete’’ 

choices of methods, criteria, indicators and data. 

Errors may occur in the data and models which are used to determine 
the baseline conditions. 

Medium 

Errors may occur in the data, models and tools which are used as 

evidence (to obtain a certain performance level) 
Medium 

The ISPA tool is (partly) based on the knowledge base on sustainability 
theories and methods (e.g., existing SA tools). Uncertainty increases 

when this knowledge context changes. 
Low 

Social 
uncertainties 

due to doubt or 

ambiguity about 
information by 
stakeholders - 

‘’we do not 
agree on what 

information 
is/will be 

relevant’’ 

The values, interests and perceptions of the stakeholders may conflict 
with these of the ISPA tool. This can entail a subjective selection of 

categories and criteria in the ISPA tool. 

Medium 

The sustainability knowledge base and capacities of the stakeholders 
(e.g., project managers) may be insufficient to be able to understand 

and use the ISPA tool 
Medium 

The political climate of the municipality influences which elements of 
sustainability are addressed in their projects (including funding). These 

could be elements which are not part of the ISPA tool. 

Low 

The political climate of the national/European government influences 

whether and which sustainability topics are found to be important 
(including funding). This could influence the relevance of the ISPA tool. 

Low 

Social uncertainties in the project design can influence the use and 
impact of the ISPA tool. E.g., organisational factors, procedures, 

resources and coordination among stakeholders. 

High 

Legal 

uncertainties in 
the (legal) 

justification of 
decisions - ‘’we 

do not know 
what 

information we 
should (legally) 

provide’’ 

The ISPA tool is (partly) based on and designed for the implementation 

of national plans, objectives and legislation (related to sustainability) in 
civil engineering projects. Uncertainty increases when this legal context 

changes [institutional setting] 

Low 

Descriptions of criteria along the lowest performance levels (poor and 

low) are often based on legal requirements. Uncertainty increases 
when this legal context changes. 

Medium 

The public servants of the municipalities, which use the ISPA tool in the 
project can be held liable for their actions. Uncertainties in the 

assessment can have consequences for the public image, social trust, 

legitimacy and political acceptability. 

Low 

Table 13: Results of the uncertainty analysis of the prototype ISPA tool. The uncertainty types are adopted from the 

analytical framework of (Bodde et al., 2018). The tool uncertainties and their scales are estimated by the researcher, based 
on the final prototype ISPA tool.  

Appendix J 

Recommendations for further improvement of the prototype ISPA tool 
The results of the uncertainty analysis can be used to reduce the uncertainties, and thus to improve 

the quality and the reliability of the ISPA tool. Recommended strategies for the reduction of 

uncertainties are: 

• To limit the scientific uncertainties (medium-high), the content of the ISPA tool should be 

critically assessed by a large(r) group of experts and researchers in the field, which were not 

involved in this ADR project to collect feedback and new perspectives.  

• To limit the social uncertainties (medium-high), the key barriers, enablers and other 

influencing factors in the project organisation and the involved stakeholders should be 

identified and investigated to optimise the effectivity of the ISPA tool, which could entail the 

reduction or the deliberate increase in impact of social and contextual factors on the usage 

of the tool. 

• To limit the other uncertainties (low-medium), it is important to continuously monitor the 

changes in the socio-political and legal context and to update and maintain the ISPA tool.  
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The nice-to-have and not essential (yet) requirements, which were stated by the organisation in the 

diagnosis stage of this ADR project can be used as input for further development of the prototype 

ISPA tool. These are mainly functionalities such as the possibility to: 

• filter (sub)categories and criteria, based on different project characteristics (e.g. size, type, 

project phase);  

• offer an online assessment or quick scan to clients; 

• report and update responsibilities, actions and changes throughout the project per 

(sub)category and/or criterium; 

• trace the input of other project team members  (e.g. notes, talking points); 

• export the data for other purposes (e.g., trade-off matrix, cost-benefit analysis); 

• substantiate the decision-making process with costs as criterium/indicator; 

• connect the ISPA tool to subsidies and other funding possibilities, and to other certifications 

(not SA tools). 


