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Executive Summary 

The assessment and evaluation of the impact of a project is a critical process. This document presents the work 

conducted in task T2.3 ‘Development of an Evaluation Methodology for the impact of COGITO Tools’. The 

objective of this task is to develop an evaluation methodology that defines the way COGITO outputs will be 

evaluated in the pre-validation and validation activities (WP8 ‘Integration, Validation & Evaluation Activities’).  

The evaluation strategy focuses on the COGITO tools performance and their impact on: i) the immediate benefits 

on construction in terms of time, productivity, cost, safety and sustainability (including meeting the EC Green 

Deal objectives); and ii) the more indirect benefit of accelerating the digitalization rate of the construction sector. 

To achieve this goal, the methodology identifies and selects suitable Key Performance Indicators (KPIs) and the 

methods – quantitative or qualitative – that are to be employed to measure them.   

Regarding the impact of the COGITO solution in the five main areas of time, cost, quality, safety, and energy 

efficiency, the proposed methodology reviewed KPIs and corresponding measurement methods currently 

employed in industry and/or described in the literature (including methodologies adopted in relevant EU-funded 

projects). For the KPIs employed in industry, input has been sought from the consortium’s internal experts (in 

particular among COGITO’s industrial partners) as well as external experts. This was done through the 

Questionnaire and Workshops used as part of T2.1 ‘Elicitation of Stakeholder Requirements’ (see D2.1 [1] for 

details), as well as additional dedicated meetings focusing on the different COGITO Business Scenarios (BSs) and 

Use Cases (UCs). The technical partners then selected a preliminary list of KPIs that would be best suited to assess 

the impact of the COGITO tools. This list was finally reviewed by the pilot site industry partners to assess 

measurability, collectability, and comparability.  

The result of that process is a list of 55 Project Performance KPIs, divided into 11 time/scheduling KPIs, 10 cost 

KPIs, 4 quality KPIs, 20 safety KPIs, and 10 energy efficiency KPIs. In the case of time, cost, quality, and safety, the 

KPIs aim to measure not only the performance of the project in that area (e.g. project is completed within budget 

and schedule), but also the performance of the processes required to plan and monitor time, cost, quality, and 

safety. The energy-efficiency KPIs only measure the performance of the project in that area. This is because 

benefits in energy efficiency are only indirectly realised through the impact of the COGITO tools on time 

performance (e.g. productivity improvement and reduced waiting time). The necessary input parameters for all 

calculations are identified and ways to capture all this information during the piloting activities (e.g. sensor 

measurements, tools user feedback, manual measurements, visual inspection results) are defined.  

Regarding the impact of COGITO on accelerating the digitalization rate of the construction sector, its benefits 

should be realised by demonstrating, with the pilot sites, the added value of the COGITO tools in the above five 

areas. However, a broader methodology, based on the Technology Acceptance Model (TAM) theory, is also 

proposed that actively assesses technology User Acceptance (UA). In total, 10 UA KPIs will be measured. These 

are qualitative and measured on the Likert scale. Their evaluation will be facilitated via bespoke forms for the 

various stakeholders to ensure balanced views are captured. 

Overall, the COGITO methodology creates a robust framework that enables the definition of adequate COGITO 

Key Performance Indicators (KPIs) and measurement methods. These form the basis for the design and 

development of the activities related to the COGITO pre-validation, validation, and overall impact assessment 

activities of WP8 (which will be reported in deliverable D82, D8.4 and D8.5 respectively). The results reported 

here will also influence some of the technical work, to ensure that the developed tools capture and record 

required input data for the evaluation of the selected KPIs. 
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1 Introduction 

1.1 Scope and Objectives of the Deliverable 

The objective of T2.3 is to develop a methodology that describes how the COGITO solution will be evaluated. 

Specifically, T2.3 aims to define the Key Performance Indicators (KPIs) that are necessary to characterise the 

performance and impact of the COGITO solution and tools, and the methods that can and will be employed to 

measure those KPIs in the pilot sites and beyond the life of the COGITO project. The deliverable D2.3 is the output 

of the work carried in Task 2.3. 

The evaluation focuses on the COGITO tools performance and their impact on: i) the immediate benefits on 

construction in terms of time, productivity, cost, safety and sustainability (such as meeting the EC Green Deal 

objectives); and ii) the more indirect benefits accelerating the digitalization rate of the construction sector. 

A review of the activities conducted in T2.1 (Elicitation of Stakeholder Requirements) to define the Business 

Scenarios (BSs) and Use Cases (UCs) (see deliverable D2.1 [1]) established that the COGITO solution should 

enhance construction project performance in the following categories: 

• Schedule/workflow, 

• Cost, 

• Quality, 

• Safety, 

• Energy efficiency (and therefore reduction in carbon footprint) of the construction process. 

These benefits are expected to be the result of integrated more efficient communication and data exchange, 

more systematic and detailed planning, as well as timely monitoring of construction activities, which will be 

enabled by the ecosystem of the COGITO Services and Tools integrated around the COGITO Digital Twin Platform.  

Beyond the direct impact on project performance, User Acceptance (UA) of the COGITO tools should be assessed. 

UA is a necessary pre-condition for the exploitation of the tools and their proliferation in the construction 

industry, thereby delivering the benefits in terms of accelerating the digitalization rate of the construction sector.  

This report presents the outcome of the methodology followed to identify and select the KPIs and the methods 

to be employed to measure them in the context of the pilot sites. It must be highlighted that, in the case of 

schedule/workflow, cost, quality, safety and energy, measuring the impact of the COGITO tools requires 

measuring the selected KPIs when applying the COGITO solution as well as baselining those KPIs for current 

practice. In contrast, UA only needs to be assessed for the COGITO solution. 

Section 2 summarises the methodology followed in T2.3. Then, accordingly, Section 3 presents the review of 

existing assessment methodologies (KPIs and measurement methods) for time, cost, quality, safety and energy 

efficiency performance. This is complemented in Section 4 with a presentation of relevant EU projects. Section 5 

reports the outcome of the analysis of the review and presents the KPIs selected for the above categories and 

their calculation methods, along with the approaches to be followed for baselining them.  Section 6 focuses on 

UA. It first presents a review of existing UA assessment methodologies and then establishes the methodology, 

including KPIs, proposed specifically for assessing UA in the context of the COGITO project.  Section 7 concludes 

the document. 

1.2 Relation to Other Tasks and Deliverables 

D2.3 sits in a continuum of tasks and their respective deliverables informing and conducting the evaluation of 

the COGITO solution:  
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• D2.1 (output of T2.1 - Elicitation of Stakeholder Requirements) that defines the Business Scenarios (BSs), 
Use Cases (UCs) and Stakeholder Requirements (SRs) that are focused on COGITO and are to be 
validated through the pilot site activities. 

• D2.3 (this deliverable, output of T2.3 - Development of an Evaluation Methodology for the Impact of 
COGITO Tools) that develops the methodology for the evaluation of the COGITO solution and tools, from 
both functional and usability viewpoints. 

• D8.2 (output of T8.2 - COGITO ICT System Pre-Validation) that reports the outcomes of the COGITO 
solution pre-validation that will be able to measure at least some of the KPIs while testing and pre-
validating the solution under realistic, but controlled conditions. 

• D8.4 (output of T8.4 - Demonstration of COGITO Tools on Construction Projects) that reports on the 
outcomes of the COGITO demonstration activities. 

• D8.5 (output of T8.5 - COGITO Impact Assessment) that conducts the overall analysis and evaluation of 
the collected information and stakeholder opinions after the pre-validation and validation phases of the 
project across the pilot sites. 

The results reported here will also impact some technical work, mainly to ensure that the developed tools 

capture and record any data that is required as input for the evaluation of the selected KPIs. 
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2 Methodology 

The section summarises the approach followed in T2.3. Two distinct methodologies are considered to assess: i) 

the immediate benefits on construction in terms of time, productivity, cost, safety and sustainability (such as 

meeting the EC Green Deal objectives); and ii) the more indirect benefits accelerating the digitalization rate of 

the construction sector. 

To evaluate the time, cost, quality, safety and energy improvement in construction project delivery, a 

methodology was developed with inspiration from the Success Level Assessment Model for BIM projects (SLAM 

BIM), which is a goal-driven method that was proposed in [2] to measure the success of BIM projects. The 

methodology proposed here has five steps: 

1. Identify areas in which COGITO shall enhance construction project performance, through an analysis 

of COGITO goals of enhancing construction performance in terms of time, cost, safety and 

sustainability, and the activities conducted in T2.1 ‘Elicitation of Stakeholder Requirements’ to define 

the Business Scenarios (BSs) and Use Cases (UCs). 

2. Review of the KPIs currently employed in industry in those five areas with broad relevance to the 

COGITO UCs. This review considered input from the consortium’s internal expertise (in particular 

existing methodology employed in practice and contributed by the industrial partners) and input from 

external expertise (captured through the Questionnaire and Workshops used as part of T2.1). 

3. Review of the KPIs considered in recent EU-funded projects with broad relevance to COGITO. 

4. Production of an initial list of KPIs to be employed in COGITO by the technical partners. 

5. Review of the preliminary list of KPIs by the industry partners to assess measurability, collectability (in 

general or specifically to the selected pilot sites) and comparability (in relation to baselining). The 

outcome of this final step is a list of KPIs and methods to be followed to measure them that could be 

employed in the context of the COGITO pilot sites. However, it must be highlighted that several 

uncertainties surrounding the pilot sites means that this list of KPIs remains provisional and will need 

to be revisited in the context of the work conducted in WP8 (Integration, Validation & Evaluation 

Activities) once more detailed information about the pilot sites is available. 

In Section 1, the areas where the COGITO solution will enhance construction project performance (Step 1 above) 

identified the following categories: 

• Schedule/workflow; 

• Cost; 

• Quality; 

• Safety; 

• Energy-efficiency (or reduction in carbon emissions) of the construction process. 

The remaining Sections discuss Steps 2-5. Results of step 2 are reported in Section 3; results of step 3 are reported 

in Section 4; and results of step 4 and 5 are reported in Section 5. 

Demonstrating the impact of the COGITO solution on construction in terms of time, cost, safety and sustainability 

(such as meeting the EC Green Deal objectives), should directly contribute to COGITO’s aim of accelerating the 

digitalization rate of the construction sector (because industry would more likely want to use those tools). But, 

to achieve a more holistic assessment of the likelihood of end-users adopting the COGITO solution (or similar ICT 

solutions), and therefore of COGITO’s contribution to accelerating the digitalization rate of the construction 

sector, it is proposed to measure ‘Technology User Acceptance (UA)’. Here, a simple two-step process is followed, 

with results reported in Section 6: 

1. Review existing technology UA assessment methodologies. This is mainly based on literature review 

and the consortium’s internal expertise. 
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2. Establishment of the specific technology UA assessment methodology to be applied in the COGITO 

project. 
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3 Existing Assessment Methodologies for Schedule, Cost, Quality, Safety and 

Energy Efficiency 

In this section, we review existing construction performance assessment methodologies, with focus on:  

• Schedule/workflow (Section 3.1); 

• Cost (Section 3.2); 

• Quality (Section 3.3);  

• Safety (Section 3.4) and 

• Energy efficiency and Carbon footprint of the construction process (Section 3.5).   

In the case of the first four areas, the analysis covers the performance of construction projects in these areas, 

but also very importantly the performance of the processes, i.e. the effort, required to plan and monitor those 

areas. This is because COGITO aims to impact both aspects. In contrast, for energy efficiency the review only 

focuses on the performance of construction projects in that area, as the impact of COGITO in this area is only 

indirect, principally through schedule/workflow performance enhancement. 

3.1 Assessment of Construction Project Scheduling Performance 

Project scheduling performance has two parts: (1) the performance of the output schedule at planning stage; (2) 

the performance of the schedule-related processes, including scheduling at planning stage, and schedule 

monitoring at delivery stage. The following subsections investigate both separately. 

3.1.1 Performance of Output Schedule  

The performance of the output schedule at planning stage is essentially measured by the project Planned 

Duration (PD). PD should have two characteristics:  

• be short: short PD is sought by clients as this enables them to receive their asset faster and therefore 

generate income faster and ultimately improve their competitiveness. 

• be achievable (be predictable): the construction suffers heavily from delayed completion times. While 

delay can be the result of unforeseeable events (e.g. some weather events or patterns), the industry is 

arguably poor at setting schedules that are actually achievable. The resulting poor predictability of final 

project completion time negatively impacts the financial stability of construction companies (which is 

an important reason for the sector’s very high rates of insolvency and bankruptcy). Construction 

companies with good track record in delivering projects on time are most likely to remain solvent, strive 

and secure more projects. 

As discussed in Deliverable D2.1 [1] and detailed in [3] and [4], the project schedule results from the scheduling 

of each of the individual activities making up the project as defined in the Work Breakdown Structure (WBS) [5], 

and their sequencing. Therefore, a short and predictable project depends on the length and predictability of the 

individual activities, as well as the correctness and effectiveness of the sequencing. Focusing on the scheduling 

of individual activities, the duration is a function of: the quantity of work, the selected method and productivity 

of the resources allocated to deliver the work. With BIM technology, the quantity of work, formally referred as 

the Bill of Quantity (BoQ) can now be often calculated quite accurately from the BIM model. What remains 

challenging for planners is setting an adequate productivity value so that the duration estimation is reliable. 

Setting such a value is made difficult because it is not always easy to predict the conditions within which the work 

will be conducted (especially for works done in unpredictable environments, such as outdoors) [6]. These 

conditions as well as the performance of the supply chain (of all resources required to conduct an activity) impact 

productivity by either slowing or even by preventing some work. In fact, it is well established (especially by the 

Lean Construction community) that poor labour productivity in the industry is particularly the result of idle time, 

which is often the result of supply chain underperformance (within and to the construction site). Therefore, 
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resource (labour or equipment) idle time can be measured in addition to activity time, as this can provide 

additional insight on the reasons for any observed performance. 

Summarising the discussion above, the first two parts of Table 3-1 list Key Performance Indicators (KPIs) that can 

be used to measure the absolute schedule performance and schedule predictability performance [7] [8]. It should 

be highlighted here that time performance typically impacts cost performance, and therefore the KPIs that will 

be discussed later on cost performance will have some connection to the scheduling KPIs presented here. In fact, 

the Earned-Value Analysis (EVA) is a project monitoring method that integrates (and disentangles) the monitoring 

of both time and cost performance [9]. The EVA, presented in more detail in Deliverable D2.1 and discussed 

further in Section 3.2, does provide some schedule KPIs, but it will be shown that a number of these are not 

particularly useful. 

3.1.2 Performance of Schedule-related Processes 

The time performance of the process of planning a schedule is simply the time required for creating the schedule. 

This could be measured as an absolute value or as a value relative to the size of the project, e.g. the duration or 

budget of the project.  

The time performance of the process of monitoring the delivery of the schedule is the time spent monitoring 

costs. This could also be measured as an absolute value or as a value relative to the size of the project. Here 

again, the resources involved are mainly labour, such as the cost of the corresponding work done by quantity 

surveyors and foremen. An indirect measure could also be considered, such as the frequency of progress 

reporting (a higher frequency suggesting a more effective process).  

The third part of Table 3-1 lists those KPIs related to the performance of those schedule planning and monitoring 

processes. 

The reader is reminded that the KPIs listed in Table 3-1 (and in similar tables in the following sub-sections of 

Section 2) include KPIs that are commonly used in practice in the construction industry as well as KPIs that may 

not be commonly measured. In Section 5, the KPIs that the consortium hopes to be able to employ in the context 

of the COGITO pilot sites are selected from this list based on criteria of measurability, collectability and 

comparability (see Section 5 for details).  

Table 3-1: Potential KPIs for Scheduling 

Duration Description 

Planned Project Duration  The duration of the entire project estimated at the end of the planning stage, 
prior to construction starts, but adjusted for viable change orders (e.g. client 
change orders). This can also be broken down per milestones.  

This may be measured relative to some main quantity (e.g. building square 
footage). 

Actual Project Duration The duration of the entire project measured once the project is completed. 
This can also be broken down per milestones.  

This may be measured relative to some main quantity (e.g. building square 
footage). 

Planned Activity Production 
Rate / Productivity 

The duration of an activity estimated at the end of the planning stage, prior 
to construction starts, but adjusted for viable change orders (e.g. client 
change orders), and measured relative to some quantity (e.g. m3 of 
concrete). 

Actual Activity Production 
Rate / Productivity  

The duration of an activity measured once the activity is completed, 
measured relative to some quantity (e.g. m3 of concrete). 
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Resource Non-Productive 
Time  

The percentage of working time of a worker or piece of equipment that is 
non-productive (e.g. waiting). 

Rework Duration The duration of all reworks conducted over the project. This may be 
measured relative to the Project Duration. 

Duration Predictability Description 

Project (Unit) Duration 
Predictability  

The difference between the Planned Project Duration and Actual Project 
Duration. This may be measured relative to some main quantity (e.g. building 
square footage). 

Project Duration 
Predictability Performance 

The percentage of projects completed within X% of their Planned Duration 
[e.g. X = 0% or maybe 2%] 

Activity Productivity 
Predictability  

The difference between the Planned Activity Production Rate and the Actual 
Activity Production Rate. 

Activity Duration 
Predictability Performance 

The percentage of activities within a project that are completed within X% 
of their Planned Duration [e.g. X = 0% or maybe 2%] 

Scheduling Processes 
(planning and monitoring) 

Description 

Duration of Project 
Scheduling 

The time effort of scheduling activities. This may be measured relative to the 
project size (duration or cost) 

Cost of Project Scheduling The overall cost of resources (labour, tools, etc.) involved in scheduling. This 
may be measured relative to the project budget. 

Labour Cost of Project 
Scheduling 

The cost of labour involved in scheduling, possibly relative to the project 
budget. This may be measured relative to the project budget. 

Duration of Progress 
Monitoring 

The time effort of progress monitoring and reporting activities. This may be 
measured relative to the project size (duration or cost). 

Cost of Project Progress 
Monitoring 

The overall cost of resources (labour, tools, etc.) involved in progress 
monitoring and reporting. This may be measured relative to the project 
budget. 

Labour Cost of Project 
Schedule Monitoring 

The cost of labour involved in progress monitoring and reporting. This may 
be measured relative to the project budget. 

Frequency of Progress 
Reporting  

The frequency at which progress is reported for the whole project, and 
broken down per activity. 

3.2 Assessment of Construction Project Costing Performance 

Project cost performance has two parts: (1) the performance of the output budget at planning stage; (2) the 

performance of the cost-related processes, including budgeting at planning stage, and cost monitoring at delivery 

stage. The following subsections investigate both separately. 

3.2.1 Performance of Output Budget/Cost  

The performance of the output costing at planning stage is essentially measured by the project Budget. The 

budget should have two characteristics:  

• be low: the lower the cost, the more likely the contractor will secure the work and the client can utilise 

the saved funds to other purposes, which should ultimately improve their competitiveness. 
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• be achievable (be predictable): the construction suffers heavily from projects going over budget. While 

budget increase can be the result of unforeseeable events (e.g. unforeseen schedule delay - see Section 

3.1.1; or sudden increase in material costs), the industry is arguably poor at setting budgets that are 

achievable. The resulting poor predictability of final project completion costs negatively impacts the 

financial stability of construction companies (which is an important reason for the sector’s very high 

rates of insolvency and bankruptcy) as well as their clients. Construction companies with good track 

record in delivering projects on budget are most likely to remain solvent, strive and secure more 

projects. 

As discussed in Deliverable D2.1 [1] and detailed in [3] and [4], the project budget results from the budgeting of 

each of the individual activities – aka Work Packages (WPs) – making up the project, as defined in the WBS [5]. 

Therefore, a low and predictable project budget depends on the level and predictability of the individual WP 

budgets. Focusing on the budgeting of individual activities, the budget (like the duration) is a function of: the 

quantity of work, the selected method and productivity of the resources allocated to deliver the work. With BIM 

technology, the quantity of work can now be often calculated quite accurately. The selected method defines the 

type of labour and equipment to be engaged in the activity, and the productivity of the resources defines how 

long they will be involved in the activity. Setting an adequate productivity value, so that the duration and cost 

estimations are reliable, is challenging. This is because it is not always easy to predict the conditions within which 

the work will be conducted (especially for works done in unpredictable environments, such as outdoor). 

Overall, the costs incurred by the individual WPs mainly include: 

• Labour; 

• Equipment/Plant and Tools; 

• Materials (including haulage). 

In addition, the overall project costs will include: 

• Overheads; 

• Reserves and Contingencies. 

The project management team will create Cost Accounts (CAs) to monitor those items. In order to be able to 

measure cost performance per WP – e.g. using the Earned Value Analysis (EVA) method [9] – such CAs should be 

created for each WP. Cost Account Variance (CAVAR) reports can then be generated during construction to 

compare planned and actual performance [1]. 

The Earned Value Analysis (EVA) is a project monitoring method that integrates (and disentangles) the monitoring 

of both time and cost performance [9]. Focusing on cost, the EVA method measures the Budgeted Cost of Work 

Performed (BCWP), or Earned Value, as well as the Actual Cost of Work Performed (ACWP) and the comparison 

of two enables an “apple-to-apple” comparison of planned and actual costs, in a way that is (somewhat) 

independent of schedule performance. The corresponding two performance metrics are:  

• Cost Variance (CV): 

𝐶𝑉 = 𝐵𝐶𝑊𝑃 − 𝐴𝐶𝑊𝑃 

• Cost Performance Index (SPI): 

𝐶𝑃𝐼 =
𝐵𝐶𝑊𝑃

𝐴𝐶𝑊𝑃
 

If CV < 0 or CPI < 1, then the activity/project is under budget. If SV > 0 or SPI > 1, then the activity/project is over 

budget. 

The SV and SPI values measure the activity/project’s performance to date. They can also be used to estimate the 

duration and cost at completion. Various formulas can be used to get those estimations, depending on the 

assumptions made for the performance of the project from now until the end (will the cost performance remain 

the same or can it be anticipated to change?).  
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Summarising the discussion above, Table 3-2 lists Key Performance Indicators (KPIs) that can be used to measure 

the absolute budget performance and budget predictability performance [7] [8]. It is important to note that cost 

performance is impacted by schedule performance. Thus, some of the KPIs listed here will have some connection 

to the scheduling KPIs presented earlier. But, as discussed above, from a project monitoring viewpoint, the EVA 

method has the goal of dissociating schedule from cost performance, which is useful for root cause analysis and 

decision making. 

3.2.2 Performance of Cost-related Processes  

The cost performance of the process of budgeting is simply the cost of the resources involved in creating the 

budget. This could be measured as an absolute value or as a value relative to the size of the project. The resources 

involved mainly include the planners. 

The cost performance of the process of monitoring the costs during construction is the cost of the resources 

involved in monitoring costs. This could also be measured as an absolute value or as a value relative to the size 

of the project. Here again, the resources involved are mainly labour, such as the cost of the corresponding work 

done by quantity surveyors and foremen. An indirect measure could also be considered, such as the frequency 

of cost reporting (a higher frequency suggesting a more effective process).  

The last part of Table 3-2 lists those KPIs related to the performance of those cost planning and monitoring 

processes. 

Table 3-2: Potential KPIs for budgeting 

Budget Description 

Project budget (or Planned 
Project Cost) 

The budget of the entire project estimated at the end of the planning stage, 
prior to construction starts, but adjusted for viable change orders (e.g. client 
change orders). It should distinguish direct costs and site and company 
overhead.  

This may be measured relative to some main quantity (e.g. building square 
footage). 

Actual Project Cost The cost of the entire project measured once the project is completed. This 
may be measured relative to some main quantity (e.g. building square 
footage) 

Planned Activity Unit Cost The budget of an activity estimated at the end of the planning stage, prior to 
construction starts, but adjusted for viable change orders (e.g. client change 
orders), measured relative to some quantity (e.g. m3 of concrete). The 
budget may also be broken per cost category (labour, equipment and 
materials). Note that activities are also classified using job codes that 
categorise the type of activity. 

Actual Activity Unit Cost The cost of an activity measured once the activity is completed, measured 
relative to some quantity (e.g. m3 of concrete). The unit cost may also be 
broken per cost category (labour, equipment and materials, subcontractors). 
Note that activities are also classified using job codes that categorise the 
type of activity. 

Rework costs The cost of all reworks conducted over the construction of the project. This 
may be measured relative to the Project Budget. 

Budget predictability Description 

Project (Unit) Cost 
predictability 

The difference between the Planned Project Cost (i.e. Project Budget) and 
the Actual Project Cost. This may be measured relative to some main 
quantity (e.g. building square footage). 
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When using the EVA method, this is measured by CV or CPI. 

Project Cost Predictability 
Performance 

The percentage of projects completed within X% of their (planned) budget 
[e.g. X = 0% or maybe 2%] 

Activity Unit Cost 
Predictability 

The difference between the Activity Budget and the actual activity cost 
(obtained once construction is completed), measured relative to some main 
quantity (e.g. m3 of concrete).  

When using the EVA method, this is measured by CV or CPI. 

Activity Cost Predictability 
Performance 

The percentage of activities actually completed within X% of their (planned) 
budget [e.g. X = 0% or maybe 2%]. 

Cost processes (planning and 
monitoring) 

Description 

Cost of Budgeting  The overall cost of resources (labour, tools, etc.) involved in budgeting, 
possibly relative to the project budget. 

Labour Cost of Budgeting  The labour cost involved in budgeting, possibly relative to the project 
budget. 

Cost of Cost Monitoring The overall cost of resources (labour, tools, etc.) involved in monitoring and 
reporting cost performance, possibly relative to the project budget. 

Labour Cost of Cost 
Monitoring  

The labour cost involved in monitoring and reporting cost performance, 
possibly relative to the project budget. 

3.3 Assessment of Quality Performance 

Construction projects require rigorous Quality Assurance (QA) processes. In most cases, Project Managers and 

Quality Managers (QMs) have to follow regulatory standards and specifications set by the client.  

As discussed in Deliverable D2.1 [1], constructed elements have to pass a quality control check and the outcome 

must be recorded and be reported to the QM and Project Manager, the client, and in some cases the local 

authorities too. Usually, these Quality Control (QC) activities require a surveyor to conduct visual inspections 

and/or employ various survey tools (total stations, levels, laser scanners, etc.) to verify all the necessary 

geometric measurements. In addition, material quality needs to be checked too, usually involving lab tests (either 

internal or outsourcing it). 

Project quality performance has two parts: (1) the output quality of the construction works; and (2) the 

performance of the QA/QC processes. The COGITO solution does not intend to improve construction quality 

directly, but instead QA/QC processes, and more specifically QC processes. 

3.3.1 Performance of Project 

QC process performance impacts project performance by: (1) reducing the risk of bottlenecks that can delay 

projects; and importantly (2) reducing the occurrence of late-detected deficiencies (e.g. defects or out-of-

tolerance situations) which would otherwise lead to disruptive late rework, with both time and cost implications. 

Therefore, avoiding deficiencies or detecting them early, through systematic and rapid QC, can help ensure 

projects are delivered on time and budget, i.e. improve schedule and budget predictability. The first part of Table 

3-2 lists KPIs that could be considered for assessing the impact of QC on Project Duration Predictability and 

Project Cost Predictability. 

3.3.2 Performance of QC Processes  

As suggested above and also detailed in Deliverable D2.1 [1], QC processes, like any business process, require 

dedicated efforts. These have time and cost implications of their own. The second part of Table 3-2 lists KPIs that 
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could be considered for assessing the performance of QC processes. Note, while they could be considered, no 

time-related KPI is suggested here. The reason is that QC activities are not always clearly scheduled and so the 

time allocated to QC activities may be hard to monitor. Cost is easier to monitor and can in fact be considered as 

a proxy to time performance.  

Table 3-3: Potential KPIs for QC 

QC impact on Schedule and 
Cost Predictability 

Description 

Number of Late-Detected 
Deficiencies 

Number of late-detected deficiencies (i.e. deficiencies that are detected 
during activities subsequent to the one during which the components were 
constructed). The metric may be measured relative to the project size (e.g. 
budget). 

Cost of Rework of Late-
Detected Deficiencies 

Cost of rework of late-detected deficiencies (i.e. deficiencies that are detected 
during activities subsequent to the one during which the components were 
constructed). The metric may be measured relative to the project budget. 

Delay due to Rework of 
Late-Detected Deficiencies 

Schedule delay, in days, due to the rework of late-detected deficiencies (i.e. 
deficiencies that are detected during activities subsequent to the one during 
which the components were constructed). The metric may be measured 
relative to the project duration. 

QC process Description 

Cost of QC Activities The cost of conducting all QC process activities (i.e. planning and monitoring 
of quality). It includes labour, tools, etc. The metric may be measured relative 
to the project budget. 

Labour Cost of QC Activities The labour cost of conducting all QC process activities (i.e. planning and 
monitoring of quality). The metric may be measured relative to the project 
budget. 

3.4 Assessment of Construction Safety Performance 

In construction safety, two major groups of indicators are traditionally used to assess safety performance, namely 

the lagging and leading indicators. Lagging indicators are based on past safety results and therefore, often 

provide no value in detecting or preventing safety hazards [10], whereas leading indicators are measures, 

conditions or events, that occur just before incidents, accidents or unsafe conditions happen and have predictive 

value [11]. For example, recording of the number of injuries is a lagging indicator, while the number of training 

hours or the number of safety inspections are leading indicators. The selection of relevant KPIs is essential since 

measuring as many indicators as possible does not lead to optimal safety performance. On the contrary, it is 

useful only to measure indicators that can be used for decision-making, such as the development of safety plan 

within a project [12]. 

3.4.1 Lagging indicators 

Lagging indicators come with advantages and drawbacks. Lagging indicators are widely used measures in industry 

and given that they are based on the analysis of past events, are very accurate. However, looking in the past 

often provides no value in detecting or preventing safety hazards [10]. Furthermore, lagging indicators do not 

provide information about the causes of hazards and therefore, deciding on mitigation measures and corrective 

actions upon lagging indicators is not possible.  

In practice, the safety lagging KPIs can be further classified in frequency rates and incident rates. Frequency rates 

illustrate the number of undesired events (e.g., injuries, fatalities) that happened in a given period of time by a 
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standardised number of hours worked. Incident rates, not to be confused with incidence (meaning frequency), 

show the number of undesired events that happened in a given period of time by a standardised number of 

employees. The purpose of using standardised numbers in the calculation of safety KPIs, such as the 200,000 and 

1,000,000 hours worked, is to produce numbers that are easy to comprehend and relate in practice. In the 

example of lost-time injuries (LTIs), meaning the events that result in fatality, permanent disability or time lost 

from work, a number of 0.0001 lost time injuries (LTIs) per hour over a period of 12 months with a total of 2 

million hours worked is not as effective in interpretation as when it is calculated over the standardised period of 

1,000,000 worked hours. This results in ‘5 lost time injuries for every million hours worked over a year’, which is 

easier to comprehend. It is worth mentioning that the number of 200,000 work hours for example, refers to 100 

full-time employees working 40 hours per week during 50 weeks in a year as defined by the U.S. Occupational 

Safety and Health Administration [13]. The first section of Table 3-4 lists commonly used lagging safety KPIs, 

adapted from [14]. 

3.4.2 Leading indicators 

Leading indicators focus on mitigation measures to prevent hazards, which is reflected on how they are defined 

in the literature, such as in [15] where leading indicators are “the quantity of safety management activities 

performed to prevent injuries”. Leading indicators come with significant advantages compared to lagging 

indicators. They allow for proactive changes before the occurrence of hazardous events, focusing on processes 

rather than results. Additionally, the approach of establishing proactive safety measures transforms the 

uncontrolled hazards to controlled risks that safety managers and key stakeholders can identify, evaluate and 

mitigate. When evaluation is done in real time, safety results can be further improved. However, in [10], the 

author argues that (real-time) leading indicators with modern sensing and actuating technologies can only 

improve safety performance given that safety measures are taken quickly enough. In addition to that, leading 

indicators measuring the quantity of safety management activities, even though important, do not necessarily 

reflect the actual safety record, and therefore, measuring the outcome of those activities against established 

goals is critical [16]. 

Leading indicators in construction can be classified as active and passive [17]. The difference between active and 

passive leading indicators is that the former typically refer to the quality of implementation of safety measures 

that change throughout the lifetime of the construction project (e.g., the frequency of pre-task safety meetings, 

degree of upper-management involvement), whereas the latter refer to actions often implemented before 

initiating the construction works and remain relatively unchanged throughout the project lifetime, such as the 

use of Personal Protective Equipment (PPE) or a comprehensive written safety plan [17]. 

In addition to the indicators that are traditionally measured in construction, indicators can be considered that 

attempt to track root causes. As highlighted by [18] and illustrated in Figure 3-1, one minor injury occurs after 

numerous at-risk behaviours and close calls, while serious injuries are even more rare. As serious injuries are 

considered by the scholars, cases that result to being unable to perform all normally assigned work (Restricted 

Work Case, RWC) or restrict one to return to work the day following the injury (Loss Workday Case, LWC), and 

cases that require treatment by professional medical personnel (Medical Treatment Case, MTC). The Close Call 

frequency rate measures the frequency of occurrence of close calls during the reporting period, whereas the At-

Risk Behaviour frequency rate indicates how frequently unsafe behaviours occur that might lead to hazardous 

situations.  

The second section in Table 3-4 summarises typical leading indicators identified by [17]. 

3.4.3 Performance of Safety Processes  

Like in the previous section, safety processes, like any business process, require dedicated efforts. These have 

time and cost implications of their own. The third part of Table 3-4 lists KPIs that could be considered for assessing 

the performance of safety processes. Similarly to QC, no time-related KPI is suggested here because safety 

activities are not always clearly scheduled and so the time allocated to such activities may be hard to monitor. 

Costs are easier to monitor, in particular labour costs because it is better known which staff members are 
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involved in safety processes. It must be noted that the process KPI ‘Labour Cost of Safety Activities’ relates to the 

leading safety KPI ‘Staffing for safety’. 

 

 

Figure 3-1: Safety pyramid and estimated ratios [18] 

Table 3-4: Potential KPIs for Safety. 

Lagging KPI Description 

Total case incident rate 
(TCIR) 

The number of work-related injuries per 100 full-time workers during a 
one-year period. 

Total Recordable Incident 
Rate (TRIR) 

The number of work-related injuries per 100 full-time workers during a 
one-year period. (It is used interchangeably with TCIR) 

Total Recordable Injury 
Frequency Rate (TRIFR) 

The number of fatalities, lost time injuries, cases or substitute work and 
other injuries requiring medical treatment by a medical professional per 
million hours worked. 

Total Recordable Case 
Frequency (TRCF) 

A 12-month rolling average total recordable case frequency per 1 million 
man-hours. Man hours are based on a 12-hour working day or actual 
hours worked if recorded. 

All Injury Frequency Rate 
(AIFR) 

This is a measure of all reportable injuries - lost time injuries, restricted 
work injuries and medical treatment cases - per 200000 hours worked. 

Medical Treatment Injury 
(MTI) 

An injury or disease that resulted in a certain level of treatment (not first 
aid treatment) given by a physician or other medical personnel under 
standing orders of a physician. 

Lost Time Injury (LTI) A lost-time injury is a hazardous event that results in a fatality, permanent 
disability or time lost from work. It could be as little as one day or shift. 

Lost Time Injury Frequency 
Rate (LTIFR) 

The number of lost time injuries that occurred during the reporting 
period. Most companies choose to calculate LTIFR per 1 million man-
hours worked. 

Reportable Injury Frequency 
Rate (RIFR) 

Records the number of incidents requiring medical treatment, divided by 
the number of hours worked within an accounting period, multiplied by 
100,000. 
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Days Away, Restricted or 
Transferred (DART) 

Measures workplace injuries and illnesses that result in time away from 
work, restricted job roles, or permanent transfers to new positions. 

Severity Rate Average of the number of lost days per recordable incident. 

Close Call Frequency Rate The frequency of occurrence of close calls per 1 million hours worked 

At-risk Behaviour Frequency 
Rate 

The frequency of occurrence of at-risk behaviours per 1 million hours 
worked 

Leading KPI Description 

Upper-management 

involvement 

The degree of upper-management commitment to safety aspects of 
worker safety and health 

Training/orientation The degree of providing training and orientation of jobsite hazards for 
skilled and unskilled workers. 

Training performance The range of scores (or marks) obtained by workers on training formative 
assessments. 

Pre-task safety meeting The frequency of pre-task safety planning conducted by both supervisors 
and workers as daily tasks to ensure that day-to-day activities are 
performed safely. 

Safety 
inspections/observation 

The frequency of safety inspection/observation to identify hazards or 
safety violation to ensure worker safety and health 

Hazard and accident analysis The frequency of safety hazard and accidents analysis reported and 
reviewed for construction process 

Owner involvement The degree of owner involvement in safety aspects 

Safety record The degree of reporting and maintaining accident records and safety 
performance records 

Worker involvement The degree of worker involvement in safety aspects, such as safety 
decisions and feedback to top management 

Safety resource The effort of the safety committee (e.g., supervisory, owner safety 
representative, and project leaders) in providing required safety 
resources 

Staffing for safety The number of certified safety representatives in the worksite 

Written safety plan A complete and comprehensive safety plan that guides project safety 

Personal protective 
equipment (PPE) 

The provision of the required PPE for all workers 

Substance abuse The frequency of random drug and alcohol tests to prevent substance 
abuse among workers 

Incentives The safety promotions and praise for workers with positive and safe work 
behaviour 

Safety process Description 

Cost of Safety Activities The cost of conducting all safety process activities (i.e. planning and 
monitoring of quality). It includes labour, tools, etc. The metric may be 
measured relative to the project budget. 

Labour Cost of Safety 
Activities 

The labour cost of conducting all safety process activities (i.e. planning 
and monitoring of safety). The metric may be measured relative to the 
project budget. 
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3.5 Assessment of Construction Energy and Carbon Footprint 

Assessing the energy efficiency and the carbon footprint of the construction process is of increasing interest to 

construction companies due to the broader societal drive to reach “net zero carbon” and the corresponding 

commitment they make. 

The consumed energy and respective carbon footprint over the life cycle of a building or infrastructure asset can 

be divided into: operational, embodied, and decommissioning parts. Within COGITO, only the embodied part will 

be taken into account in the energy and carbon footprint related KPI calculations [19]. 

Embodied energy is non-renewable energy required to build the asset as well as maintain it during its lifecycle. 

It includes energy used to acquire, process and manufacture the building materials and products, including any 

transportation related to these activities (indirect energy); energy used to transport building products to the site 

and construct the building (direct energy); and energy consumed to maintain, repair, restore, refurbish or replace 

materials, components or systems during the life of the building (recurring energy).  

Embodied Carbon footprint is the amount of carbon dioxide released to the atmosphere as a result of activities 

consuming the embodied energy, defined previously.   

The reason for calculating the energy and carbon footprint separately, lies on the fact that an energy consuming 

activity does not necessarily means that it has a large carbon footprint and vice versa. Therefore, minimizing the 

overall energy consumption during construction (referred to as “construction process energy” below which is 

also captured as embodied energy) does not guarantee the reduction of its equivalent carbon emissions.   

Minimising construction process energy can be achieved by using the least energy intensive means and methods 

of construction. This is possible if the contractor, during pre-construction planning, has access to information 

regarding energy consumption during construction to identify activities that consume more energy and have 

larger carbon footprint respectively. The obtained information would help contactors focus on energy and carbon 

emissions intensive activities and develop energy efficient means and methods to minimize energy consumption 

and reduce their carbon footprint during construction.  

As discussed in Sections 3.1 and 3.2, planning works for scheduling and budgeting requires the identification of 

all Work Packages (WPs) and for each WP, the materials, labour and equipment required for completing the WP 

(aka Activity). This information can be leveraged, not only to plan time and cost, but also estimate the direct 

embodied energy, including the energy contributed by the construction process. Table 3-5 gives an example of 

table that could be produced with the embodied energy estimated for each activity. 

However, some sources of energy cannot be easily allocated to individual activities. These include the energy 

consumed for managerial activities, provision of welfare, etc. – which can be considered as “energy overhead” 

just like managerial costs are considered as cost overheads (see Section 3.2), but also energy consumed that 

serves numerous activities, such as generators that may provide energy across the construction site. It must 

however be noted that the latter should be avoided if possible and the energy consumed allocated adequately 

to the WPs that consume it. Table 3-6 gives an example of project-level energy consumption itemisation.  

Table 3-5: Example of energy consumption estimations in tones per construction task. 

Activity ID Description Labour 
Energy 
(GJ) 

Equipment 
Energy 
(GJ) 

Total Energy 
(GJ) 

% of 
total 

1.2.3.4 Bearing Wall 8,000 - 17,000 16% 

1.3.2.4 Backfill mechanical 1,000 5,000 6,000 5% 

4.2.3.1 Clear/Grub 2,000 7,000 9,000 8% 
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Table 3-6: Example of indirect energy consumption estimations in gigajoule (GJ). 

Item Energy Consumption  
(GJ) 

% of total 

Diesel generator 17,000 16% 

Management team 10,000 14% 

Security lights 9,000 8% 

 

To assess the energy efficiency and equivalent carbon emissions of the construction project, the above two 

groups of energy consumptions and carbon footprints should be estimated along with the total energy budget 

and carbon footprint. These estimations will help identify the most energy demanding activities that could then 

be replaced with less energy demanding ones. For example, a task involving cast-in-place concrete might be more 

energy demanding than assembling on site precast concrete walls (considering the whole embodied energy). 

Besides energy, carbon estimations should also be performed because the same amount of energy may be 

produced by less carbon intensive processes, in which case benefits could still be achieved without reducing 

energy consumption. As it is estimated for the energy consumptions, similar estimations can be performed for 

the carbon footprint of task-level activities and general indirect activities. Examples of carbon footprint 

estimations are presented in the following tables (Table 3-7 and Table 3-8).  

Table 3-7: Example of carbon footprint estimations in tones per construction task.  

Activity ID Description Labour   
carbon 
footprint 
(tones) 

Equipment 
carbon  
footprint 
(tones) 

Total carbon      
footprint 
(tones) 

% of 
total 

1.2.3.4 Bearing Wall 0.01 - 0.01 1% 

1.3.2.4 Backfill mechanical 0.02 0.2 0.22 22% 

4.2.3.1 Clear/Grub 0.02 0.1 0.12 12% 

Table 3-8: Example of carbon footprint estimations for indirect activities in tones. 

Item Carbon footprint    
(tones) 

% of total 

Diesel generator  0.1 80% 

Management team 0.02 16% 

Security lights 0.01 8% 

 

From the above discussion, Table 3-9 lists KPIs that could be employed to assess Energy Efficiency performance 

and Carbon footprint of the construction process. 
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Table 3-9: Potential KPIs for Energy Efficiency and Carbon Footprint. 

Energy Description 

Activity Direct Energy The sum of equipment and labour energy for accomplishing the given activity. 

Direct Energy  Sum of all Activity Direct Energy 

Activity Indirect Energy Energy consumed for an activity supporting direct construction works (e.g. 
management office). 

Indirect Energy  Sum of All Activity Indirect Energy 

Total Energy Sum of Direct Energy and Indirect Energy. 

Project-level energy  Description 

Activity Direct Carbon 
Footprint 

CO2-equivalent emissions resulting for the operation of equipment and labour 
for accomplishing the given activity 

Direct Carbon Footprint  Sum of all Activity Direct Carbon Footprint values 

Activity Indirect Carbon 
Footprint 

CO2-equivalent emissions resulting from an activity supporting direct 
construction works (e.g. management office). 

Indirect Carbon Footprint Sum of all Activity Indirect Carbon Footprint values 

Total Carbon Footprint Sum of Direct Carbon Footprint and Indirect Carbon Footprint. 
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4 Relevant EU projects 

A review of prior EU-funded projects is carried out in this section in order to identify performance assessment 

methodologies and possible benchmarks that could be leveraged by COGITO. Table 4-1 lists projects that were 

identified with relevance to Digital Twinning and the COGITO project’s focus. Multiple current H2020 research 

projects use IT models to represent building related data. Out of these projects, five are focused on BIM concepts: 

BIMERR, SPHERE, STEPUP, BIM2TWIN and ARTWIN. Four out of these five, introduce also the concept of Digital 

Twin into their investigations.  

These projects are focused on different domains. Two of them (BIM2TWIN and SPHERE) are concentrated on 

construction management, while BIMERR and STEPUP focus on building renovation and ARTWIN is designed 

aiming at the inclusion of augmented reality devices to the digital twin (BIM, construction site, factory facility, 

etc.) generation and maintenance.  

4.1 BIMERR1 

The main focus of the BIMERR project is the development of an ICT-enabled Renovation 4.0 framework to 

support the renovation stakeholders during the renovation process of existing buildings, from concept to 

delivery. To achieve this, BIMERR integrates a number of components, including:  

• A BIM Management Platform to manage enhanced digital models of existing buildings that go beyond 
geometrical information.  

• An ontological framework which supports interoperability and data links to other data sources. 

• An innovative Renovation Decision Support System (RenoDSS) which should enable AEC stakeholders in 
charge of design & planning to quantitatively evaluate the available options across several key target 
metrics.  

In BIMERR, KPIs are classified into three categories: Cost/Time, Energy and User Acceptance and include: 

• Energy related measures that reflect to the energy footprint before and after renovation (energy 
demand, energy consumption). 

• Cost and time related measures that refer to the installation as well as the maintenance and operation 
facility before and after the renovation measures. 

• Environmental measures to assess the environmental and sustainability impact of the renovation plans 
(Greenhouse gas emissions, water and air pollution). 

• Well-being metrics referring to user comfort which act as feedback to renovation decisions.    

4.2 SPHERE2 

SPHERE aims to bring together under the same platform two research trends:  

• the Digital Twin Concept (involving not only the Design and Construction of a Building but also its 
Manufacturing and the Operational phases); and  

• the ICT Systems of Systems infrastructure based on the Platform as a Service (PaaS) concept to allow 
large scale integration and synchronization of data, information and knowledge. 

The SPHERE platform will facilitate improvements in the energy performance of buildings from the start of the 

construction process. In addition, it will also reduce time, costs, and the environmental impact of construction 

processes and improve the indoor environment due to a seamless integration of each meaning dimension and 

respective stakeholders within the platform. 

 
1 https://bimerr.eu/  
2 https://sphere-project.eu/  

https://bimerr.eu/
https://sphere-project.eu/
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In summary, twinning this virtual information model with the reality helps decision-making during each phase of 

the whole building’s lifespan, increases collaboration and reduces inefficiencies, while improving the energy 

efficiency and reducing time and costs. In numbers (KPIs), it should help achieve 15% reduction in residential 

buildings’ energy demand during the operational phase, 25% reduction in construction time and 25% reduction 

in CO2 and other GHG emissions in buildings’ construction and operational phases. 

4.3 STEPUP3 

StepUP aims to develop a new process for deep renovation for decarbonisation, to minimise performance gap, 
reduce investment risk and maximise value. StepUP uses BIM & Digital Twins to Optimise Renovation and Drive 
Zero-Carbon. The Key Performance Indicators (KPIs) developed for the StepUP project represent the financial, 
energetic and qualitative values of the project, and are intended to help evaluate the overall renovation 
improvement. In StepUp KPIs are classified into three categories: social, environmental and financial. 

Social KPIs include metrics related to the user wellbeing such as thermal, acoustic and visual comfort.  
Environmental KPIs are related to global warming potential measures and energy quantities from renewable 
resources. Finally, the financial KPIs are referring to the installation and maintenance costs of the renovation 
works, the change in the property value from the renovation and the savings in the energy bills. A complete list 
of the project’s KPIs can be found at StepUP KPI list . 

4.4 BIM2TWIN4 

BIM2TWIN, which is close in concept to COGITO, aims to build a Digital Building Twin (DBT) platform for 
construction management that implements lean principles to reduce operational waste of all kinds, shortening 
schedules, reducing costs, enhancing quality and safety and reducing carbon footprint. Applications include 
monitoring of schedule, quantities & budget, quality, safety, and environmental impact. It supports a closed loop 
Plan-Do-Check-Act mode of construction and an extensive set of construction management applications. 

The key research features of BIM2TWIN are: 

• Digital collaboration among project stakeholders to advance industry standards, methods and best 

practices. 

• Grounded conceptual analysis of data, information and knowledge in the context of DBTs, which 

underpins a robust system architecture. 

• A common platform for reality data acquisition and complex event processing to interpret multiple 

monitored data streams from construction site and supply chain to establish real-time project status 

and condition in a Project Status Model (PSM). 

• Exposure of the PSM to a suite of construction management workflow applications through an easily 

accessible application programming interface (API) and directly to users through a visual information 

dashboard. 

• Applications include monitoring of schedule, quantities & budget, quality, safety, and environmental 

impact. 

4.5 ARTWIN5 

The ARtwin project aims to provide Construction 4.0 with an ARCloud platform that meets the industry’s needs, 

offering three key services: (i) an accurate and robust 3D registration for any AR device in large-scale and dynamic 

environments, enabling to present relevant information to workers at the right time and place; (ii) reduction of 

the difference between the physical and digital world by continuously maintaining the Digital Twin/BIM model 

 
3 https://www.stepup-project.eu/  
4 https://bim2twin.eu/  
5 https://artwin-project.eu/  

https://www.stepup-project.eu/download/d1-2-integrated-draft-of-the-methodology/?wpdmdl=2008&refresh=6064993b664ec1617205563
https://www.stepup-project.eu/
https://bim2twin.eu/
https://artwin-project.eu/
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based on vision sensors located in the factory or on construction sites; and (iii) display of complex 3D 

augmentations on any AR device by remotely rendering them in the cloud with ultra-low-latency.   

The ARtwin platform will account for the available technological capabilities and infrastructure of the user, 

enabling optimal and cost-effective service delivery and seamless high-resolution AR experiences across 

different devices. The project aims at increasing the productivity and flexibility in the construction design, as 

well at improving the product quality and reducing costs. 

The ARtwin platform will offer the following services: 

• Unified global map 

• Localisation for AR devices 

• 3D Digital Twin/BIM update 

• AR remote rendering 

4.6 BIMprove6 

The BIMprove project aims to improve the European construction industry by providing a dynamic digital system 

that uses Digital Twin Technology for construction sites. The main objectives of BIMprove are: (i) a significant 

reduction in costs, (ii) a better use of resources and (iii) a reduction in the number of accidents on construction 

sites. The core of the BIMprove platform is a cloud-based, data integration service, where the information is 

exchanged, and data processing is possible through modular interfaces (APIs) that allow to add, remove, and 

update information in the supported layers (Digital Twin, Analytics, Safety, Cost, Scheduling and BIM layers).  

The BIMprove platform will support several aspects in construction sites, including planning, construction, 

operation, renovation, and demolition. The expected results of the BIMprove project (KPIs) include:  

• To increase scheduling forecast capacity (20%); 

• To reduce costs in construction projects (20%); 

• To make industry less exposed to labour accidents. 

4.7 ASHVIN7 

The ASHVIN project aims at enabling the European construction industry to improve its productivity, to reduce 

cost and to ensure safe work conditions The project provides a proposal for a European digital twin standard, 

including an open-source digital twin platform integrating IoT and image technologies, and a set of tools to apply 

such platform, with the goal of improving capabilities and accuracy, reducing construction costs, reducing the 

number of on-site accidents, and increasing resource efficiency.  

The ASHVIN platform aims to be interoperable with a wide range of design and engineering applications, which 

will allow to represent as-designed models, as well as a to continuously synchronize between the as-designed 

and the as-built models. 

The ASHVIN project aims at offering the following services:  

• Means to fuse video data and sensor data; 

• Integration of geo-monitoring data; 

• Multi-physics simulation methods for digital representing the behaviour of a product; 

• Evidence-based engineering methods to design for productivity and safety; 

• 4D simulation and visualization methods of construction processes; 

• Lean planning process supported by real-time data. 

 
6 https://www.bimprove-h2020.eu/  
7 https://www.ashvin.eu/  

https://www.bimprove-h2020.eu/
https://www.ashvin.eu/
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4.8 TWIN-CONTROL8 

Twin-control project aims to develop a simulation system for machine tools and machining processes. It 

integrates the different aspects that affect machine tool and machining performance, including lifecycle 

concepts, providing better estimation of machining performance than single featured simulation packages and 

improving the productivity of manufacturing processes. This simulation system will provide a more realistic 

performance of the models, which leads to a more accurate estimation. 

Additionally, the simulation systems will allow direct control of the process through monitoring to improve the 

performance of the manufacturing process by controlling component degradation and optimize maintenance 

actions. 

The project aims at achieving the following results (KPIs):  

• A reduction of time to get machine working as designed (10% time and cost reduction); 

• A reduction of time to get process working as designed (20% time and cost reduction); 

• Getting a first time-right part manufacturing (75%) of all new processes; 

• An improvement of process performance trough model-based control (increase of 1-2% in machine 

up-time); 

• The reduction of energy consumption (25-50%); 

• An improvement of machine reliability and increase machine up-time due to a proactive maintenance 

(2-4.5%); 

• Reduction of machine tool life cycle costs (15%) with a reduction of O&M costs in the range of 25% for 

manufacturing system and process. 

4.9 Analysis 

These projects use different metrics to assess performance. In some projects, like STEPUP, these KPI metrics have 

been published, while in others the KPIs can only be inferred by the project description. In a broad sense, six KPI 

categories (Cost, Delivery Time, Health and Safety, Energy, Environment and Well-being) can be identified and 

their adoption in the eight aforementioned projects is presented in Table 4-1.  

In COGITO, performance metrics from five of those six categories will be adopted (all but well-being), to assess 

the performance of a construction project in a multifaceted manner, to cover all of its aspects and to highlight 

the benefits of digitization in real-world case studies. This will accelerate the digitization of future construction 

projects and facilitate the adoption of advanced ICT-based solutions, which will enable multi-objective 

optimization techniques applied on these processes in a fast and efficient manner. 

The setup of the final KPI list in WP8 will trigger another review of the presented related EU projects at their 

current future state, to do comparisons of COGITO’s performance with respect to these projects and draw final 

conclusions.  

Table 4-1: EU-funded projects related to Digital Twinning and the COGITO project, and the areas where they 
aim to deliver improvements (by measuring KPIs).  

Project / KPIs Cost Delivery Time H&S Energy Environment Well-being 

BIMERR √ √  √ √ √ 

SPHERE √ √ 
 

√ √ √ 

STEPUP √ 
  

√ √ √ 

 
8 https://twincontrol.eu/  

https://twincontrol.eu/
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Project / KPIs Cost Delivery Time H&S Energy Environment Well-being 

BIM2TWIN √ √ √ 
 

√ 
 

ARTWIN √ √  
   

BIMprove √  √ √ √ 
 

ASHVIN √  √ √ 
  

TWIN-CONTROL √ √  √ 
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5 COGITO Assessment Methodology for Schedule, Cost, Quality, Safety and 

Energy Efficiency 

In this section, we report the KPIs and measurement methods that have been selected by the COGITO consortium 

for assessing the impact of the COGITO solution. Keeping user acceptance (UA) aside, the selection of the time, 

cost, quality, safety and energy KPIs is a compromise between (1) the assessment requirements; and (2) a 

preliminary assessment by the industrial partners of their capacity to measure them. It must be noted that the 

relevance and usability of the selected KPIs in the context of the COGITO pilot sites will be revisited later in the 

project, as more information about the selected sites will become available.  

A three-step process was used to select the COGITO KPIs: 

1. Production of an initial list of KPIs by the technical partners based on: (1) the knowledge of the main impacts 

of their tools that should be measured and their knowledge of construction; (2) initial discussions and input 

obtained through the workshops and questionnaires established as part of the COGITO task T2.1 - Elicitation 

of Stakeholder Requirements (see deliverable D2.1 [1]). 

2. Review of the preliminary list of KPIs by the industry partners to assess measurability, collectability (in 

general or specifically to the selected pilot sites) and comparability (in relation to baselining). This review 

was conducted through a dedicated workshop that included both pilot site and technical partners, as well 

as through offline analysis by additional experts within the pilot site partner organisations. 

3. The reviews were then collated and analysed to issue a first list of COGITO KPIs alongside suggestions 

regarding their calculation/measurement methods. 

It must be noted that a significant number of the selected KPIs are already established in the construction 

industry and tracked by construction companies. Others may either require the use of new bespoke 

measurements or can be readily inferred from already measured KPIs. This is particularly the case for all KPIs 

related to the work of the management team (e.g., scheduling and cost planning and monitoring). Besides, some 

of the selected KPIs may not be measurable within the lifetime of COGITO but should be measurable within a 

short period (i.e., within maximum a year) after the completion of COGITO. 

Baselining methodology is necessary to support the before-vs-after comparison. A corresponding discussion is 

provided for the major KPIs related to the five areas of project time, cost, quality, and safety, and energy. It is 

worth noting here that the COGITO project is allocating 9 months for ‘COGITO Tools Roll-Out & Deployment for 

Demonstration & Validation Activities’ (T8.3) and ‘Demonstration of COGITO Tools on Construction Projects’ 

(T8.4), with an additional 5 months prior to those for ‘COGITO ICT System Pre-Validation’ (T8.2). Considering the 

fact that deployment should occur at three pilot sites (one for pre-validation and two for validation) and 

challenges may arise (e.g. additional resource commitments from the industry partners required to employ the 

COGITO solution), it is reasonable that data collected for measuring a number of the selected KPIs can be 

collected for no more than a few months at each site, and most likely much less (e.g. 1 month) when dedicated 

sensing systems need to be deployed at one and subsequently the other site (e.g. IoT technology for resource 

location tracking). For some parts of the assessment, this will also require measuring KPIs when employing 

current practice on site (i.e., without employing any COGITO tool) prior to measuring them when employing the 

COGITO solution. However, more details about the validation activities cannot be provided at this time because 

implementation will depend on the pilot sites which remain to be confirmed and for which further information 

will need to be obtained (including the likely construction progress by M25 when T8.2 starts). Those details will 

thus be reported in WP8 deliverables, such as D8.4 ‘Report on the COGITO demonstration activities’.  

The COGITO project seeks to develop solutions to TRL 6 (‘Technology demonstrated in industrially relevant 

environments in the case of key enabling technologies’). The pre-validation and validation activities will provide 

the opportunity to test the tools using real data and in relevant environments, and the KPIs selected here will 

allow to perform a comprehensive evaluation of the tools to inform further development for testing to higher 

TRL levels. 
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The proposed list of KPIs are presented in the five sub-sections 5.1 to 5.5 (and corresponding Table 5-2 to Table 

5-6). For each KPI, the following information is provided: 

• ID, the unique ID of the KPI for unambiguous referencing; 

• Name; 

• Description, to help clarify why this specific KPI is important in the evaluation framework of COGITO; 

• Units of the KPI measure; 

• A short explanation of the Calculation Method that shall be used to measure it. 

• An estimation of the Ease of Calculation of that KPI in practice. This estimation was made by the 

consortium based on the current practice of the industry partners and any relevant information 

pertaining to the pilot sites (which is limited at the time of writing this document). Here, a 5-point scale 

is used with descriptions in Table 5-1. Note that the level ‘1’ is not used in the following KPI tables 

because this level was used to reject potential KPIs. 

Table 5-1: The scale employed to estimate the Easer of Calculation  
of the proposed list of COGITO KPIs. 

Value Description 

1 Not measured by the industry partners and not measurable; (in a few cases, 
this value was also used for KPIs that were considered redundant or 
unnecessary). 

2 Not measured by the industry partners and some indirect measurement 
method can be considered. 

3 Not measured by the industry partners, but some direct measurement 
method can be introduced (e.g. using a tool being developed in COGITO). 

4 Some part of the calculation may be easily obtained, but others may be 
harder to obtain (and this may vary from project to project). 

5 Routinely measured by the industry partners. 
 

Each submission also includes a short discussion of the methodology that will be followed to collect the data 

necessary to apply the proposed KPI calculation methods when employing the COGITO solution and when 

employing current practice (i.e. baselining). 

5.1 Scheduling Assessment 

Table 5-2 summarises the KPIs for schedule, schedule predictability and scheduling processes (planning and 

monitoring) to be considered in COGITO, following the initial analysis by the technical and pilot site partners. 

Assessment Methodology and Baselining: 

Most of the KPIs are considered easy to assess using current project practice and so can easily be measured for 

current practice and when employing the COGITO solution on the pilot sites. It is nonetheless noteworthy that 

the performance of scheduling processes (and as will be seen later other indirect works) is not explicitly tracked. 

However, initial discussions with the pilot site partners suggest that KPI-SC-11 may be calculated as an estimated 

percentage of the project overhead costs. The comparison with the baseline would then require estimating the 

percentages for current practice and when employing the COGITO solution. 



 
 D2.3 COGITO evaluation methodology 34 

 
 

 
  

 
COGITO – GA ID. 958310  

COnstruction phase 

dIgital Twin mOdel 

 
 

5.2 Cost Assessment 

Table 5-3 summarises the budgeting, budget predictability and costing processes (planning and monitoring) KPIs 

to be considered in COGITO, following the initial analysis by the technical and pilot site partners. 

Assessment Methodology and Baselining: 

The KPIs mainly match corresponding scheduling KPIs in Table 5-2, and therefore the same analysis can be made 

about them: Most of the KPIs are considered easy to assess using current project practice and so can easily be 

measured for current practice and when employing the COGITO solution on the pilot sites. It is nonetheless 

noteworthy that, similarly to scheduling processes, the performance of costing processes is not explicitly tracked. 

However, initial discussions with the pilot site partners suggest that KPI-CO-10 may be calculated as an estimated 

percentage of the project overhead costs. The comparison with the baseline would then require estimating the 

percentages for current practice and when employing the COGITO solution. 

5.3 Quality Control Assessment 

As discussed in Section 3.3, the COGITO solution focuses on improving the QC process and its capacity to prevent 

missing quality deficiencies (that can result in highly negatively impactful late reworks). 

Table 5-4 summarises the Quality Control KPIs to be considered in COGITO, following the initial analysis by the 

technical and pilot site partners. 

Assessment Methodology and Baselining: 

The methodology and baselining method for Quality Control assessment is challenging. Aside for KPI-QC-1, the 

other KPIs are not easily measured in construction, because not already explicitly tracked by construction 

companies. 

KPI-QC-2 and KPI-QC-3 may be measurable by manually looking at work orders, or bespoke monitoring may be 

required for specifically monitoring this. In addition, for KPI-QC-3, there is the need to know whether the rework 

falls on the schedule’s Critical Path, which may need discussions with site managers to figure out. 

Regarding KPI-QC-4, similarly to the corresponding Schedule and Cost KPIs, this is not measured explicitly in most 

projects. However, it may be calculated as an estimated percentage of the project overhead costs. The 

comparison with the baseline would then require estimating the percentage for current practice and when 

employing the COGITO solution. 

5.4 Safety Assessment 

Table 5-5 summarises the Safety KPIs to be considered in COGITO, following the initial analysis by the technical 

and pilot site partners. The list currently contains 20 KPIs, which is somewhat larger than the other areas of time, 

cost, energy efficiency and quality. However, a number of lagging KPIs, in particular, are related to each other 

and are unlikely to be considered altogether during validation. The selection of the most suitable ones will be 

made once more knowledge is available about However the select pilot sites and the safety-related data that will 

be recorded on them.  

Assessment Methodology and Baselining: 

As mentioned above, the selected KPIs include several established lagging and leading indicators that must be 

reported by law, and so are already measured by construction companies across Europe. These will thus be 

captured easily for current practice and when employing the COGITO solution.  

However, it is also proposed to measure safety indicators (considered as lagging indicators) that focus on the 

root causes of close calls and at-risk behaviour. These are not normally measured (mainly due to lack of suitable 
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technology), but tools developed as part of COGITO should support their measurement. Therefore, bespoke 

measurement of those KPIs using the COGITO solution will have to be planned for both current work practice 

(baseline) and when employing the COGITO solution.  

Furthermore, to assess safety awareness through continuous safety training and advanced construction site 

monitoring, it is possible evaluate the safety awareness and behaviour scores [20]. While the impact of this may 

be hard to measure, the principle of linking training performance to safety performance could at least be 

demonstrated. 

5.5 Energy and Carbon Footprint Assessment 

As discussed in Section 3.5 the energy efficiency and carbon footprint assessments within COGITO will be 

performed taking into account only the consumed energy and equivalent CO2 emissions related to the on-site 

construction phase of a project without considering its operation and decommission phases.   

Table 5-6 summarises the Energy Efficiency KPIs (energy and carbon footprint) to be considered in COGITO, 

following the initial analysis by the technical and pilot site partners.  

Assessment Methodology and Baselining: 

As summarised in the column ‘Calculation Method’ of Table 5-6, calculating energy consumed by and carbon 

emissions resulting from activities is challenging. Generally, calculation of the energy (and carbon footprint) will 

be estimated per unit of activity time, and the final values calculated by multiplying those values by the duration 

of the activity. Productivity gain measurements (calculated by comparing the KPI-SC-4 values for the baseline 

context and when using the COGITO solution) would then be converted into energy (and carbon footprint) 

reductions.  
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Table 5-2 – Proposed COGITO KPIs for Scheduling. 

KPI Name Definition/Description Units Calculation Method 
Ease of 

Calculation 

Schedule 

KPI-SC-1 Planned Project 
Duration 

The duration of the project estimated at the 

end of the planning stage, prior to 

construction starts, but adjusted for viable 

change orders (e.g. client change orders).  

This can be broken down per milestone. 

 

This may be measured relative to some main 

quantity (e.g. building square footage). 

Days 

(or 

days/unit) 

Easily extracted from the construction schedule 

produced at planning stage. 

Adjustment for change orders should be 

obtainable during construction because these are 

a matter of livelihood. Nonetheless, some 

difficulties may arise to capture and allocate 

those exactly. 

4 

KPI-SC-2 Actual Project 

Duration 

The duration of the project measured once 

the project is completed. This can also be 

broken down per milestone. 

 

This may be measured relative to some main 

quantity (e.g. building square footage). 

Days 

(or 

days/unit) 

Easily obtained from the recorded start and 

completion dates. 

5 

KPI-SC-3 Planned Activity 

Production Rate / 

Productivity 

The duration of an activity estimated at the 

end of the planning stage, prior to 

construction starts, but adjusted for viable 

change orders (e.g. client change orders), and 

measured relative to some unit quantity of 

work (e.g. m3 of concrete). 

Days/unit Activity durations at the end of the planning 

stage are easily obtained from the schedule 

produced then. Adjustment for change orders 

should be obtainable during construction 

because these are important, especially if they 

can be parts of claims for project extensions.  

3-4 
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Nonetheless, some difficulties may arise to 

capture and allocate those exactly. 

KPI-SC-4 Actual Activity 

Production Rate / 

Productivity  

The duration of an activity measured once 

the activity is completed, measured relative 

to some unit quantity (e.g. m3 of concrete). 

Days/unit This is recorded through the issue of work orders 

and reporting of activity completions. 

5 

KPI-SC-5 Resource Non-

Productive Time  

The percentage of working time of a worker 

or piece of equipment that is non-productive 

(e.g. waiting). 

% This is currently not tracked at all, because it is 

hard. However, COGITO is proposing to introduce 

some location/motion tracking sensors to 

measure productive time (and thus non-

productive time). This technology would have to 

be deployed on operations conducted using 

normal practice (i.e. without COGITO), maybe 

during pre-validation. 

3 

KPI-SC-6 Rework Duration The duration of all reworks conducted over 

the project.  

This may be measured as a percentage of the 

Project Duration. 

Days 

(or %) 

Unless rework arises from a client-led change 

order, it is typically not systematically tracked. So, 

this would require bespoke measurement, e.g. 

through manual review of work orders or use of 

dedicated job codes. 

2 

Schedule Predictability 

KPI-SC-7 Project Duration 
Predictability  

The difference between the Planned Project 
Duration and Actual Project Duration.  
This may be measured relative to some main 
quantity (e.g. building square footage). 

Days 

(or 

days/unit) 

= KPI-SC-1 - KPI-SC-2 
 
(possibly divided by main quantity, e.g. building 
square footage) 
 

5 

KPI-SC-8 Project Duration 
Predictability 
Performance 

The percentage of projects completed within 
X% of their Planned Duration [e.g. X = 10%] 

%  = KPI-SC-7 / KPI-SC-1 is the measurement of the 
delay in completion of the project relative to the 
planned project duration.  

5 
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Given this measure, this new KPI can be easily 
calculated over many projects. 

KPI-SC-9 Activity 
Productivity 
Predictability  

The difference between the Planned Activity 
Production Rate and the Actual Activity 
Production Rate. 

Days/unit = KPI-SC-3 - KPI-SC-4 5 

KPI-SC-10 Activity Duration 
Predictability 
Performance 

The percentage of activities within a project 
that are actually completed within X% of their 
Planned Duration [e.g. X = 10%] 

% = KPI-SC-9 / KPI-SC-3 is the ratio of the difference 
between actual and planned productivity by 
planned productivity. 
Given this measure, this new KPI can be easily 
calculated over many activities. 

5 

Scheduling Process 

KPI-SC-11 Labour Cost of 
Project Scheduling 
activities 
(planning and 
monitoring) 

The cost of labour involved in scheduling 
(planning and monitoring).  
 

€ 

(or %) 

This is not measured explicitly in projects. But, it 
corresponds to a portion of the time of the project 
management team. 
So, this may be calculated as a percentage of the 
project overhead. 

2 
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Table 5-3 – Proposed COGITO KPIs for Cost. 

KPI Name Definition/Description Units Calculation Method 
Ease of 

Calculation 

Budget 

KPI-CO-1 Project budget (or 
Planned Project 
Cost) 

The budget of the project estimated at the 

end of the planning stage, prior to 

construction starts, but adjusted for viable 

change orders (e.g. client change orders). It 

should distinguish direct costs and site and 

company overhead. 

This may be measured relative to some main 

quantity (e.g. building square footage). 

€ 

(or €/unit) 

Easily extracted from the construction budget 

produced at planning stage. 

Adjustment for change orders should be 

obtainable during construction because these are a 

matter of livelihood. Nonetheless, some difficulties 

may arise to capture and allocate those exactly. 

4 

KPI-CO-2 Actual Project 

Cost 

The cost of the project measured once the 

project is completed. 

This may be measured relative to some main 

quantity (e.g. building square footage). 

€ 

(or €/unit) 

Easily obtained from the costs until completion 5 

KPI-CO-3 Planned Activity 

Unit Cost 

The budget of an activity estimated at the 

end of the planning stage, prior to 

construction starts, but adjusted for viable 

change orders (e.g. client change orders), 

measured relative to some quantity (e.g. m3 

of concrete).  

The budget may also be broken per cost 

category (labour, equipment and materials, 

subcontractors).  

€/unit Activity budgets (broken down by cost category) at 

the end of the planning stage are easily obtained 

from the budget produced then. Adjustment for 

change orders should be obtainable during 

construction because these are a matter of 

livelihood. Nonetheless, some difficulties may arise 

to capture and allocate those exactly. 

Note that activities are also classified using job 

codes that categorise the type of activity. 

4 
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KPI-CO-4 Actual Activity 

Unit Cost 

The cost of an activity measured once the 

activity is completed, measured relative to 

some quantity (e.g. m3 of concrete). 

The unit cost may also be broken per cost 

category (labour, equipment and materials, 

subcontractors).  

€/unit This is recorded through the issue of work orders 

and reporting of activity completions and 

equipment usage tracking forms. 

Note that activities are also classified using job 

codes that categorise the type of activity. 

5 

KPI-CO-5 Rework costs The cost of all reworks conducted over the 

construction of the project.  

This may be measured relative to the Project 

Budget. 

€ 

(or %) 

Unless rework arises from a client-led change 

order, it is typically not systematically tracked. So, 

this would require bespoke measurement, e.g. 

through manual review of work orders or use of 

dedicated job codes. 

2 

Budget Predictability 

KPI-CO-6 Project Cost 
predictability 

The difference between the Planned Project 
Cost (i.e. Project Budget) and the Actual 
Project Cost. This may be measured relative to 
some main quantity (e.g. building square 
footage). 

€ 

(or €/ unit) 

 

CV (€) 

CPI (unitless) 

= KPI-CO-1 - KPI-CO-2 
 
When using the EVA method: 
= CV, or  
= CPI 
 
(possibly divided by main quantity, e.g. building 
square footage). 

5 

KPI-CO-7 Project Cost 
Predictability 
Performance 

The percentage of projects completed within 
X% of their (planned) budget [e.g. X = 10%] 

%  = KPI-SC-6 / KPI-SC-1 is the measurement of the 
overspending (or underspending) of the project 
relative to the budget.  
Given this measure, this new KPI can be easily 
calculated over many projects. 

5 

KPI-CO-8 Activity Unit Cost 
Predictability 

The difference between the Planned Activity 
Unit Cost and the Actual Activity Unit Cost 
(obtained once construction is completed). 

€/unit = KPI-SC-3 - KPI-SC-4 
 
When using the EVA method 
= CV divided by quantity (e.g. m3 of concrete) 
= CPI 

5 
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KPI-CO-9 Activity Unit Cost 
Predictability 
Performance 

The percentage of activities completed within 
X% of their (planned) budget [e.g. X = 0% or 
maybe 2%]. 

% = KPI-SC-8 / KPI-SC-3 is the ratio of the difference 
between actual and planned activity unit costs by 
planned unit cost. 
Given this measure, this new KPI can be easily 
calculated over many activities. 

5 

Cost Processes 

KPI-CO-10 Labour Cost of 
Project Cost 
Activities 
(planning and 
monitoring) 

The cost of labour involved in budgeting and 
cost monitoring. 
So, this may be calculated as a percentage of 
the project overhead. 

€ 

 

(or %) 

This is not measured explicitly in projects. But, it 
corresponds to a portion of the project overheads. 
So, this may be calculated by estimating the 
percentage of the project overhead that should 
represent the effort put on these activities. 

2 
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Table 5-4 – Proposed COGITO KPIs for Quality Control. 

KPI Name Definition/Description Units Calculation Method 
Ease of 

Calculation 

Impact of QC on Project Performance 

KPI-QC-1 Number of Late-

Detected 

Deficiencies9 

Number of late-detected deficiencies9. 

The metric may be measured relative to 

the project size (e.g. budget). 

Deficiencies Late-detected deficiencies, and their potential 

corresponding rework, are typically not tracked 

explicitly. 

This would require setting job codes specifically for 

this type of work so that work orders (which are 

used to track corresponding costs and durations) 

can be retrieved and analysed.  

For the third KPI (i.e. delay), there is however the 

additional challenge of not knowing if the work 

described in a work order is on the critical path. 

4 

KPI-QC-2 Cost of Rework of 

Late-Detected 

Deficiencies9 

Cost of rework of late-detected 

deficiencies9. 

The metric may be measured relative to 

the project budget. 

€  

(or %) 

3 

KPI-QC-3 Delay due to 

Rework of Late-

Detected 

Deficiencies9 

Schedule delay due to the rework of 

late-detected deficiencies9. 

The metric may be measured relative to 

the project duration. 

Days 

(or days/days) 

2 

QC Processes 

KPI-QC-4 Labour Cost of QC 
Activities 

The labour cost of conducting all QC 
process activities (i.e. planning and 
monitoring of quality) 
The metric may be measured relative to 
the project budget. 

€  

(or %) 

This is not measured explicitly in projects. But, it 
corresponds to a portion of the project overheads, 
alongside some portion of the direct costs.  
So, this may be calculated by estimating those 
percentages. 

2 

 

  

 
9 Late-detected deficiencies are deficiencies that are detected during activities subsequent to the one during which the components were constructed) 
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Table 5-5 – Proposed COGITO KPIs for Safety. 

KPI Name Definition/Description Units Calculation Method 
Ease of 

Calculation 

Safety Lagging KPIs 

KPI-SA-1 Lost Time Injury 
Frequency Rate 
(LTIFR) 

The number of lost time injuries that 

occurred during the reporting period. 

Most companies choose to calculate 

LTIFR per 1 million man-hours worked. 

Lost time 

injuries / 

1,000,000 man-

hours 

Already tracked by one or both pilot site partners 

(or data is available and could be tracked) 

5 

KPI-SA-2 Total case incident 
rate (TCIR) 

The number of work-related injuries per 

100 full-time workers during a one-year 

period. 

Injuries / 100 

worker-years 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 

KPI-SA-3 Total Recordable 

Injury Frequency 

Rate (TRIFR) 

The number of fatalities, lost time 

injuries, cases or substitute work and 

other injuries requiring medical treatment 

by a medical professional per million 

hours worked. 

Recordable 

injuries / 

1,000,000 man-

hours 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 

KPI-SA-4 Total Recordable 

Case Frequency 

(TRCF) 

A 12-month rolling average total 

recordable case frequency per 1-million-

man hours. Man hours are based on a 12-

hour working day or actual hours worked 

if recorded. 

Cases / 

1,000,000 man-

hours 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 

KPI-SA-5 All Injury 

Frequency Rate 

(AIFR) 

This is a measure of all reportable injuries 

- lost time injuries, restricted work 

injuries and medical treatment cases - per 

200,000 hours worked. 

Injuries / 

200,000 man-

hours 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 
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KPI-SA-6 Medical 

Treatment Injury 

(MTI) 

An injury or disease that resulted in a 

certain level of treatment (not first aid 

treatment) given by a physician or other 

medical personnel under standing orders 

of a physician. 

Medical 

treatment 

injuries 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 

KPI-SA-7 Reportable Injury 

Frequency Rate 

(RIFR) 

Records the number of incidents 

requiring medical treatment, divided by 

the number of hours worked within an 

accounting period, multiplied by 100,000. 

Reportable 

injuries / 

1,000,000 man-

hours 

Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

4 

KPI-SA-8 Severity Rate Average of the number of lost days per 

recordable incident. 

Days / incident Not explicitly monitored, tracked and report. 

However, the data may be available for 

calculation. 

 

4 

KPI-SA-9 Close Call 

Frequency Rate 

The frequency of occurrence of close calls 

per 1 million hours worked 

Close calls / 

1,000,000 man-

hours 

Using the IoT+DT solution of COGITO, occurrences 

can be measured. Baselining will require using the 

IoT+DT solution with normal practice (i.e. without 

the COGITO safety planning and training tools). 

Comparison will then be made with similar 

activities conducted when the COGITO safety 

planning and training tools have been employed. 

3 

KPI-SA-10 At-risk Behaviour 

Frequency Rate 

The frequency of occurrence of at-risk 

behaviours per 1 million hours worked 

At risk 

behaviour 

instances / 

1,000,000 man-

hours 

Using the IoT+DT solution of COGITO, occurrences 

can be measured. Baselining will require using the 

IoT+DT solution with normal practice (i.e. without 

the COGITO safety planning and training tools). 

Comparison will then be made with similar 

activities conducted when the COGITO safety 

planning and training tools have been employed. 

3 
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Safety Leading KPIs 

KPI-SA-11 Safety 
inspections/obser
vation 

The frequency of safety 
inspection/observation to identify 
hazards or safety violation to ensure 
worker safety and health 

Safety 

inspections / 

month 

Not explicitly monitored, tracked and report. 
However, the information may be retrievable. 

4 

KPI-SA-12 Safety record The degree of reporting and maintaining 
accident records and safety performance 
records 

Unitless The degree of reporting and record maintenance 
may be measured qualitatively, e.g. on a Likert 
scale. This assessment could draw on quantitative 
information obtainable from construction projects 
(e.g. checking at completeness of records). 

4 

KPI-SA-13 Worker 
involvement 

The degree of worker involvement in 
safety aspects, such as safety decisions 
and feedback to top management 

Unitless The level of involvement may be measured 
qualitatively, e.g. on a Likert scale, using 
information obtainable from construction projects 
(e.g. knowledge of aspect of the involvement). 

4 

KPI-SA-14 Staffing for safety The number of certified safety 
representatives in the worksite 

Persons. Already tracked by one or both pilot site partners 
(or data is available and could be tracked) 

5 

KPI-SA-15 Written safety 
plan 

A complete and comprehensive safety 
plan that guides project safety 

Unitless (binary) Already tracked by one or both pilot site partners 
(or data is available and could be tracked) 

5 

KPI-SA-16 Personal 
protective 
equipment (PPE) 

The provision of the required PPE for all 
workers 

Unitless (binary) Already tracked by one or both pilot site partners 
(or data is available and could be tracked) 

5 

KPI-SA-17 Substance abuse The frequency of random drug and 
alcohol tests to prevent substance abuse 
among workers 

Substance tests 

/ month 

Already tracked by one or both pilot site partners 
(or data is available and could be tracked) 

5 

KPI-SA-18 Incentives The safety promotions and praise for 
workers with positive and safe work 
behaviour 

Unitless  The level of incentives may be measured 
qualitatively, e.g. on a Likert scale, using 
information obtainable from construction projects 

4 
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(e.g. existence of various kinds of awards for best 
performing crews). 

KPI-SA-19 Training 
Performance 

Safety performance on training 
assessment 

Unitless This is typically not measured/tracked in 
projects/companies. However, the COGITO 
solution is developing a VR training solution that 
shall return safety awareness and behaviour 
scores. 

3 

Safety Process 

KPI-SA-20 Labour Cost of 
Safety Activities 

The labour cost of conducting all safety 
process activities (i.e. planning and 
monitoring of safety).  
The metric may be measured relative to 
the project budget. 

€ 

(or %) 

This is not measured explicitly in projects. But, it 
corresponds to a portion of the project overheads, 
alongside some portion of the direct costs.  
So, this may be calculated by estimating those 
percentages. 

2 
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Table 5-6 – Proposed COGITO KPIs for Energy Efficiency. 

KPI Name Definition/Description Units Calculation Method 
Ease of 

Calculation 

Energy 

KPI-EE-1 Activity Direct 
Energy 

The sum of the equipment and labour energy 
consumptions. 

KWh Equipment: It can be computed by estimating the 
typical energy use of the piece of equipment if in 
constant use, and multiply it by a productivity 
factor calculated based KPI-SC-5. 
Labour: It can be computed by multiplying the 
daily energy intake of a typical work by the 
number of works and the number of days for the 
activity to be completed. 

2 

KPI-EE-2 Total Direct Energy It is the sum of the energy consumption of all 
activities. 

KWh = Σ(KPI-EE-1) 5 

KPI-EE-3 Indirect Energy The sum of the equipment and labour energy 
consumptions to perform a general (or 
indirect) activity (e.g. office management). 

KWh Equipment: It can be computed by multiplying 
the power of the required construction tools per 
construction task by their time in operation. 
Labour: It can be computed by multiplying the 
daily energy intake of a typical work by the 
number of works and the number of days for the 
activity to be completed. 

2 

KPI-EE-4 Total Indirect 
Energy 

The sum of the indirect energy consumptions 
of all general (or indirect) activities. 

KWh = Σ(KPI-EE-3) 5 

KPI-EE-5 Total Construction 
Energy 

The sum of the Direct and Indirect Energy 
consumption of the overall construction 
project. 

KWh = KPI-EE-2 + KPI-EE-4 5 
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Carbon Footprint 

KPI-EE-6 Activity Direct 
Carbon Footprint 

CO2-equivalent emissions resulting for the 
operation of equipment and labour for 
accomplishing the given activity 

g CO₂ Equipment: it can be calculated by multiplying 
the equipment energy (calculated as part of KPI-
EE-1 by an emission factor that reflects the 
source of energy utilised to operate the 
equipment. 
Labour: it can be calculated by multiplying the 
equipment energy (calculated as part of KPI-EE- 
by an emission factor for humans. Alternatively, it 
can be measured based on the work duration and 
using an annual emission factor for human of ~2 
tonnes CO2 / year) 

2 

KPI-EE-7 Total Direct Carbon 
Footprint 

Sum of all Activity Direct Footprint values g CO₂ = Σ(KPI-EE-6) 5 

KPI-EE-8 Indirect Carbon 
Footprint 

CO2-equivalent emissions resulting from an 
activity supporting direct construction works 
(e.g. management office). 

g CO₂ Equipment: it can be calculated by multiplying 
the equipment energy (calculated as part of KPI-
EE- by an emission factor that reflects the source 
of energy utilised to operate the equipment. 
Labour: it can be calculated by multiplying the 
equipment energy (calculated as part of KPI-EE- 
by an emission factor for humans. Alternatively, it 
can be measured based on the work duration and 
using an annual emission factor for human of ~2 
tonnes CO2 / year) 

2 

KPI-EE-9 Total Indirect 
Carbon Footprint 

Sum of all Indirect Carbon Footprint values. g CO₂ = Σ(KPI-EE-8) 5 

KPI-EE-10 Total Construction 
Carbon Footprint 

Sum of Direct Carbon Footprint and Indirect 
Carbon Footprint values. 

g CO₂ = KPI-EE-7 + KPI-EE-9 5 
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6 User Acceptance 

This section focused on the assessment of the User Acceptance (UA) of the COGITO tools and solution. In contrast 

to the previous KPI categories, User Acceptance (UA) performance is not assessed using baselining but using a 

direct absolute measurement method applied to the COGITO solution only. 

As discussed in Section 2, the approach to establish the UA assessment methodology is simple. In a first step, we 

reviewed the literature on existing standards and methods for UA assessment. The results of that review are 

reported in Section 6.1. Then, we drew on the literature to establish the UA assessment methodology to be 

employed in COGITO that is presented in Section 6.2, with the KPIs listed in Section 6.3. 

6.1 Existing Assessment Methodologies 

User Acceptance (UA) defines the system’s compatibility with the requirements of the users and the 

characteristics of the task to be executed. It is an indicator for successful user support by an information system 

and should be assessed for every product/service developed. In engineering and its various sub-disciplines, a 

dedicated testing process – often called user acceptance testing - is commonly conducted to determine if the 

requirements of a specification or contract are met. Specific acceptance criteria are defined and a 

system/component is tested against them to ensure that it fulfils all the requirements to be accepted by a user. 

UA should be especially assessed when novel information systems and technologies are introduced in 

workspaces. In this case, the factors that can facilitate the acceptance of these new technologies should be 

considered and analysed towards promoting and supporting an organisational transformation in a smooth way. 

UA of innovative technologies is analysed in [21] whilst the factors that could influence the acceptance of new 

technologies in the workspace are examined in [22].  

Digital Twinning will bring about unprecedented automation in the management of any physical asset. One of 

the first concerns that can be a stumbling block for the adaptation of digital twins just like any other automation 

technologies will be its acceptability by the workforce [23]. Although CAD and BIM solutions have increased 

awareness on digitalisation across the AEC sector, the level of acceptance of automation, including automating 

processes through digital twinning, remains low among relevant actors, who cannot articulate these technology 

components or envision added value in their everyday workload from such technologies [24].  

To this end, an important objective of the COGITO evaluation methodology is to assess UA of the COGITO tools 

by the end-users (i.e. construction managers, on-site workers, etc.). UA is a necessary pre-condition for the 

further exploitation of the COGITO tools and their proliferation in the construction industry. It will be used to 

validate the benefits and value created for the construction stakeholders in specific use cases. Thus, it can be 

further used to develop a sustainable marketing strategy as well.  

It should be mentioned that – even from the proposal phase of the project – UA was considered and guided 

decisions made in terms of the project development lifecycle. To this end, COGITO has adopted a user-centric 

design through direct involvement of stakeholders and living lab activities in the implementation process (see 

also Deliverable D2.1). Thus, the COGITO system has been designed from the onset to cover actual stakeholders’ 

requirements and needs. Therefore, COGITO aims at delivering a prototype system that can reach high levels of 

UA. Considering that UA is a key priority of COGITO, we now briefly present the most commonly used standards 

and methodologies for assessing technology acceptance by users. 

Standards 

Technology acceptability is closely linked to system usability. The ISO 9241-11 standard [25] defines usability as 

“the extent to which a product can be used by specified users to achieve specified goals with effectiveness, 

efficiency and satisfaction in a specified context of use”. The ISO/IEC 25022 [26] recommends that usability 

metrics are part of systems and software quality assessments and should include: 
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• Effectiveness: The accuracy and completeness with which users achieve specified goals [5] that can be 

quantified measuring the completion rate and the number of errors made from a user when trying to 

complete a task [27]. 

• Efficiency: The resources expended in relation to the accuracy and completeness with which users 

achieve goals [25]. Efficiency can be quantified using time related metrics. For example, time-based 

efficiency (total time required by a user to complete a task) and relative efficiency (the ratio of the time 

taken by the users who successfully completed the task in relation to the total time taken by all users) 

can be used [27]. 

• Satisfaction: The comfort and acceptability of use [25]. Satisfaction can be measured using task or test 

level satisfaction metrics that are quantified based on users’ feedback on questionnaires after the 

completion of a task or a sequence of tasks (test) respectively [27]. 

Methodologies 

Technology Acceptance Model (TAM) [28] has been one of the most frequently used models of technology 

acceptance. It considers two primary cognitive factors influencing an individual’s intention to use new technology 

[29]:  

• perceived ease of use that refers to the assessment of whether the use of the information system can 

be learned without difficulty and effort.; and  

• perceived usefulness that is used to assess how the use of a specific IT application improves the 

execution of work tasks within a specific organizational acceptance context.  

It is evident that the higher the ease of use, the more likely it is for users to be willing to use the system. In the 

TAM, the interaction of the two factors—perceived usefulness and perceived ease of use—results in an intention 

of the user to use the specific technology (behavioural intention to use). This, in turn, is correlated with the actual 

use of the system. Both factors are further impacted by other independent variables such as culture, job position 

and function, data quality, and system security. However, all these external factors are supposed to influence 

intention and attitude indirectly through perceived usefulness and ease of use, as illustrated in Figure 6-1. 

 

Figure 6-1: Technology Acceptance Model (TAM) by Davis (1989) – reproduced from [30]  

While TAM has been criticised on a number of grounds [31], it serves as a useful general framework and several 

multi-disciplinary studies have used the TAM as a grounding framework. It is the most influential, most tested, 

and best-operationalized approach [32]. Many studies have been performed leading to changes in the originally 

proposed TAM model. In [33], the authors developed a model called combined TAM‐TPB model which integrated 

External Variables (e.g. 
culture, job position and 

function, data quality,  
system security)

Perceived 
Usefulness

Perceived Ease 
of use

Attitude
Behavioral 
Intention

Actual Use
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the TAM and Theory of Planned Behaviour (TPB) while the two major upgrades of TAM were employed by 

Venkatesh and his co-workers, who defined: 

• a new version of TAM – the so-called TAM2 [34]- where new variables were considered to the initial 

TAM. More specifically, TAM2 encompasses social influence processes (subjective norm, voluntariness, 

and image) and cognitive instrumental processes (job relevance, output quality, result demonstrability, 

and perceived ease of use) as determinants of perceived usefulness and usage intentions; and 

• the Unified Theory of Acceptance and Use of Technology (UTAUT) Mode [35]. This methodology 

considers four key constructs for UA, namely: performance and effort expectancy, social influence, and 

facilitating conditions. The methodology was developed in the framework of unifying the constructs of 

eight previous defined models (theory of reasoned action, TAM, motivational model, TPB, a combined 

theory of planned behaviour/technology acceptance model, model of personal computer use, diffusion 

of innovations theory, and social cognitive theory). 

TAM has been used by researchers worldwide to understand the acceptance of different types of information 

systems. The various studies have tried to modify the TAM by adding new variables to it. The majority of the 

studies use surveys (most often custom ones) and questionnaires for data collection [36] that are, then, analysed 

towards providing user acceptance assessment output. A comprehensive review of the different approaches 

used and the respective application areas can be found in [37]. 

As regards TAM usage in the digitalisation of lean-construction industry, vey recently, Park and Park [30] analysed 

the factors of the TAM for Construction IT. They developed a research model based on Davis’s TAM incorporating 

the traits of information accepters in the construction industry. The TAM for construction IT proposed in this 

study had five external factors (acceptance type, educational satisfaction, usage knowledge, usage enjoyment, 

and usage experience) and four internal factors (ease, usefulness, attitude, behavioural intention). The 

methodology was realised through surveys conducted mainly with the stakeholders of construction and 

engineering organizations located in Seoul. The methodology was proven to be adequate enough and very 

interesting results were reached on UA of information systems in the construction industry. 

Apart from TAM, another methodology used for usability assessment is the System Usability Scale (SUS) [38]. 

SUS is a simple, ten-item scale giving a global view of subjective assessments of usability. SUS can be applied in 

assessing usability of various types of systems including systems used in industrial environments. In particular, 

ten Likert-scale questions are considered. Scoring is based on a 5-point Likert Scale from strongly disagree to 

strongly agree. These are:  

1. I think that I would like to use this system frequently. 

2. I found the system unnecessarily complex. 

3. I thought the system was easy to use. 

4. I think that I would need the support of a technical person to be able to use this system. 

5. I found the various functions in this system were well integrated. 

6. I thought there was too much inconsistency in this system. 

7. I imagine that most people would learn to use this system very quickly. 

8. I found the system very cumbersome to use. 

9. I felt very confident using the system. 

10. I needed to learn a lot of things before I could get going with this system. 

The results of an SUS survey are used to establish a satisfaction score, which ranges from 1 to 100. A score is 

generally considered ‘good’ from 75, and passable between 50 and 75. A score below 50 reveals serious customer 

satisfaction issues.  

SUS has been considered as providing a high-level subjective view of usability. Therefore, it is often used in 

comparing usability between systems, even dissimilar ones. This one-dimensional aspect of the SUS is both a 

benefit and a drawback, because the questionnaire is necessarily quite general. A comprehensive review of the 
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SUS covering its early history from inception in the 1980s through recent research and its future prospects can 

be found in [39].  

6.2 COGITO Assessment Methodology 

The evaluation and assessment of UA in COGITO follows a stage-approach presented in Figure 3. It is structured 

around a user-centric design and agile software development process allowing for continuous feedback 

interaction with the final end-users of the solution. The process followed includes three stages:  

• First stage includes mainly activities performed within T2.1 (and T9.2 - COGITO Living Lab Activities). It 

is focused on living labs activities and definition and analysis of target groups and end-user / stakeholder 

requirements (SRs). 

• Second stage includes mainly the work performed within this task (T2.3) and incorporates: an 

assessment of the available methodologies found in the literature; the definition of the COGITO 

research model for UA evaluation; and the definition of the list of KPIs. 

• Third and final stage includes: the refinement of the KPIs based on pre-validation, integration and 

testing results; the questionnaires creation aligned with UCs to be demonstrated in the pilot sites; the 

collection of feedback on questionnaires and log files of the system during demonstration; the analysis 

of data gathered and KPIs quantification leading to final user acceptance evaluation results. This stage 

will be performed mainly as part of the WP8 activities. 
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Figure 6-2: Steps of the COGITO user acceptance evaluation methodology and alignment with tasks and WPs 

The assessment has been built on the TAM theory presented in Section 6.1 that correlates acceptance with the 

constructs of perceived usefulness and perceived ease-of use. The methodology has been customised to fulfil 

COGITO scope and objectives. Thus, TAM blocks will be considered while the objective usability will be added as 

an external factor. Given the provision of enhanced COGITO safety services, metrics of perceived safety are also 

determined, as well as the system’s usability [40]. The COGITO model for UA evaluation based on TAM is 

illustrated in Figure 2. 
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Figure 6-3: COGITO model for user acceptance evaluation 

The methodology is primarily based on questionnaires. In particular, a complete set of questions addressing all 

metrics will be contained in a questionnaire that will be provided to the end-users. When possible, objectively 

measured KPIs addressing the system’s usability and error handling capacity will be used. Unless otherwise 

defined, a set of questions/statements answered through a Likert-based scale [41] will be used to assess each 

identified metric. Questions/statements may need to be adjusted/slightly modified for evaluating user 

acceptance on the functionalities demonstrated in each COGITO Use Case (UC). This will be carefully considered 

once a first version of components has been developed and their interactions have been fully defined. 

As regards usability assessment, KPIs influenced by ISO standard has been selected towards achieving an 

objective assessment (as opposed to the high-level subjective view of usability that can be provided by applying 

SUS).   

6.3 COGITO KPIs 

Table 6-1 summarises the UA KPIs along with their definition, units and method of measurement. Note that, in 

contrast to the previous KPI table, this one does not include a column ‘UC’, because these KPIs are to be applied 

across tools and do not relate to specific UCs. 
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Table 6-1 – User Acceptance KPIs 

KPI Name Definition/Description Units Calculation Method 

Usability 

KPI-UA-1 Completion 
Rate 

This KPI indicates effectiveness and is 
defined as the number of tasks completed 
successfully relevant to the total number of 
tasks undertaken by a user. 
 

% This indicator is calculated through observation and analysis of 
system’s event log files, where applicable (additional info can be 
gathered from questionnaires).  
 

KPI-UA-2 Number of 
errors 

This KPI indicates effectiveness and is 
defined as the number of errors 
(unintended actions, slips, mistakes, 
omissions) that a user makes while 
attempting a task. 
 

unitless This indicator is calculated through observation and analysis of 
system’s event log files, where applicable (additional info can be 
gathered from questionnaires). 
 

KPI-UA-3 Time-based 
efficiency 

This KPI indicates efficiency and is defined 
as the time (in seconds and/or minutes) 
the participant takes to successfully 
complete a task. 
 

Seconds 
/minutes 

This indicator is calculated through observation and analysis of 
system’s event log files, where applicable (additional info can be 
gathered from questionnaires). 
 

KPI-UA-4 End-user 
satisfaction 

This KPI expresses end-user / stakeholder 
satisfaction with COGITO in a convenient 
metric. It is presumed that a smart solution 
that is easy to use and understand will 
more likely satisfy users and will be more 
easily adopted than a difficult solution. 

Unitless A post-task question taking the form of Likert scale rating. 
  
“Overall, how satisfied are you with COGITO?” 

  
 

Perceived ease of use 

KPI-UA-5 Task level 
satisfaction 

This KPI indicates satisfaction and is 
defined as a score of satisfaction of the 
user in their interaction with the solution.  

Unitless A post-task question taking the form of Likert scale rating. Its goal is 
to provide insight into task difficulty as seen from the participants’ 
perspective. 

Very Unsatisfied Unsatisfied Neural Very SatisfiedSatisfied
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“Overall, this task was” 

  
 

KPI-UA-6 Learning 
process 
satisfaction 

This KPI indicates satisfaction in the 
learning process of the COGITO system. 

Unitless A post-training question taking the form of Likert scale rating. It takes 
the form of Likert scale rating. Its goal is to provide insight into 
difficulty on learning how to use COGITO as seen from the 
participants’ perspective. 
 
“Overall, learning to use COGITO tools and services was:” 
  

 
 

KPI-UA-7 Satisfaction 
when 
interacting with 
COGITO 

This KPI indicates satisfaction when a user 
is interacting with the COGITO tools 
through the provided UIs. It attempts to 
evaluate the intuitiveness of the UIs and 
their user-friendliness.  

Unitless A post-training question taking the form of Likert scale rating. 
 
“Overall, how satisfied are you with COGITO UI?” 
  

 
 
This KPI should be linked to each of the provided UIs. 

Perceived Safety 

KPI-UA-8 Improvement 
on perceived 
safety 

A psychometric scale rating of the 
improvement of perceived safety by 
utilising the H&S services of COGITO. The 
KPI attempts to provide a qualitative 
assessment from the user perspective on 

Unitless The user should provide feedback on the following statement after 
completion of demonstration of UCs relevant to H&S: 
 
“Please rate the degree to which you agree with the following 
statement:  

Very difficult Difficult Moderate Easy Very Easy

Very difficult Difficult Moderate Easy Very Easy

Very Unsatisfied Unsatisfied Neural Very SatisfiedSatisfied



 
 D2.3 COGITO evaluation methodology 57 

 
 

 
 

  

 
COGITO – GA ID. 958310  

COnstruction phase 

dIgital Twin mOdel 

 
 

whether COGITO has provided added value 
as regards safety related aspects in their 
work. 
  

COGITO solution improves jobsite safety during a construction 
project realisation.” 
 

  
 

KPI-UA-9 Perceived trust A psychometric scale rating of the 
perceived trust on the system. Perceived 
trust defines the extent to which the user 
believes that COGITO will assist them in 
achieving a goal even in uncertain and 
vulnerable situations.  
   

Unitless The KPI takes the form of Likert scale rating. The user should provide 
feedback on the following statement after participating in 
demonstration activities: 
 
“Please rate the degree to which you agree with the following 
statement:  
  
I believe that COGITO can assist me in achieving a goal during my 
work execution even in uncertain and vulnerable situations.” 
 

 
 

Perceive Usefulness 

KPI-UA-10 Advantages for 
end-users 

This KPIs defined the extent to which the 
project offers clear advantages for end 
users / stakeholders. The advantage can 
take many forms, for instance cost savings, 
improved quality, improved safety, etc. It is 
presumed that solutions which have a 
higher level of advantages to end users will 
be more likely to be adopted than solutions 
which have negative or no advantages.  
 

Unitless The inputs for this KPI will be the replies to questionnaires about the 
advantages they believe they have with COGITO. The following 
statements should be rated (individually): 
 
 
“Please rate the degree to which you agree with the following 
statements:  
 

- I think that there is clearly an added value offered by the 
COGITO tool suite. 

- I think that COGITO usage improves productivity. 

Strongly disagree Disagree Neural Strongly AgreeAgree

Strongly disagree Disagree Neural Strongly AgreeAgree
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- I think that COGITO usage improves projects’ quality. 
- I think that COGITO usage improves construction project 

cost savings. 
- I think that COGITO usage facilitates the collaboration 

among different teams. 
- I think that COGITO usage optimises workflow 

management. 
- I think that COGITO helps me be more effective.” 

 

  
 
The questionnaires/surveys will be answered by the end-users and be 
processed to elicit the user reception of the advantages offered by 
the COGITO solution. 
 

 

Strongly disagree Disagree Neural Strongly AgreeAgree
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7 Conclusions 

The deliverable defines the COGITO evaluation methodology. Following a review of the goals of COGITO and its 

UCs, relevant performance assessment methods and KPIs, described in the literature and/or employed in 

industry, were reviewed and analysed for their relevance to the COGITO project. An initial list of KPIs was then 

put together by the technical partners and presented to the industry partners for feedback, considering the 

measurability, collectability and comparability. 

The final list of construction performance KPIs is grouped in 6 categories: duration, cost, quality, safety, energy, 

and user acceptance. The first five specifically focus on construction performance and can be measured for both 

current practice and practice using the COGITO solution. In contrast, the user acceptance KPIs are solely applied 

to the application of the COGITO solution and are not compared against a baseline.  

Overall, 55 KPIs are proposed for the first five categories, and 10 KPIs are proposed for UA. For each KPI, we have 

provided a description, the unit of the KPI, and the method to be employed to calculate it. 

As mentioned in the document, extensions and refinements of the evaluation methodology in terms of chosen 

Use Cases (UCs) and KPI assessment method must happen once the specific test cases are confirmed and the 

types of activities that will be on-going during the validation periods are known. As a result, the list of KPIs and 

measurement methods proposed here will be revised in WP8, more specifically in T8.2 (COGITO ICT System Pre-

Validation) and T8.4 (Demonstration of COGITO Tools on Construction Projects).  
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