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Climate change is one of the critical emerging issues of our time that requires our attention. 

The main driver of this issue is an increased amount of carbon emissions produced by an 

enormous number of companies all over the world. Environmental, Social and Governance 

Ratings are most commonly used as the measurement of corporate commitment to reduce 

emissions, however, another approach such as an item-response theory can be found 

valuable to assess the level of corporate carbon management. There is a number of research 

studies conducted in the field of Corporate Social Responsibility, Environmental 

Management, Environmental Sustainability, and Supply Chain Sustainability that are based 

on the application of item-response models. However, there is a lack of research related to 

the development of Carbon Management measure with the item-response theory.  

This research study develops a Carbon Management score by applying the two-parameter 

logistic item-response model on data collected from Carbon Disclosure Project and Refinitiv 

Eikon database for 3105 companies over 10 years from 2009 to 2018. Selected items for the 

analysis have been identified in terms of item’s discrimination and item’s difficulty 

parameters. Based on the identified latent characteristics of companies, Carbon Management 

measure is created. The development of constructed measure is further analyzed with the 

development of Environmental and Emission scores from 2009 to 2018 years.  

The results of this thesis work show that the development of Carbon Management has been 

increasing from 2010, which means that companies started to make the effort towards 

mitigation of carbon emissions. The development of Carbon Management varies among 

industry sectors. The developed measure is highly positively correlated with the 

Environmental and Emission scores. Nevertheless, there are some outliers detected that 

would require further analysis.  
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1 INTRODUCTION  

1.1 Background Information 

Over the last years, climate change has drastically affected all regions all over the world. 

Rainfall, rising sea level, enhanced number of wildfires, high weather temperature, melting 

ice are all the consequences of climate change. One of the factors that has significantly 

influenced climate change is a greenhouse gas (hereinafter GHG). The most common 

greenhouse gases are considered to be as follows: carbon dioxide, methane and ozone, water 

vapour, nitrous oxides, fluorinated gases and burning fossil fuels (National Centre for 

Atmospheric Science).  

At the moment, the growth of GHG emissions is one of the global critical challenges of our 

times that has been addressed by various corporations as well as politicians around the globe. 

The higher the amount of GHG emissions emitted yearly, the higher the concentrations of it 

in the atmosphere leading to environmental as well as human health problems. In accordance 

with the research conducted by Ritchie & Roser (2020), it is noticeable that the number of 

total GHG emissions has been remarkably increased from 34.97 billion tones in 1990 to 

49.36 billion tones in 2016. Therefore, such high-speed growth of GHG emissions is 

triggering a global climate change.  

Companies are considered to be large GHG emitters. Based on the Carbon Majors Database, 

a report prepared by Carbon Disclosure Project (hereinafter CDP) (2017, 8), “all 100 (active 

fossil fuel) producers account for 71% of global industrial GHG emissions” between 1988 

and 2015 years. In order to take actions to reduce GHG emissions and mitigate climate 

change impacts, companies, as the biggest world's greenhouse gas emissions source, have 

started to implement a range of various climate change strategies. For instance, companies 

started to report their environmental information voluntarily to CDP, “a not-for-profit charity 

organization that runs the global disclosure system for investors, companies, cities, states 

and regions to manage their environmental impacts” (CDP Disclosure Insight Action). 

Despite the fact that the number of companies submitting their environmental data through 

CDP is growing every year (CDP Disclosure Insight Action), the CDP data is poorly structed 

and not yet harmonized. Therefore, there is a need to have a new effective measurement tool 

in order to compare companies’ emission reduction actions over time, to compare these 
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actions between various companies as well as to determine which actions tend to be the most 

efficient in diminishing emissions.  

In order to objectively measure corporate commitment to reduce emissions, environmental, 

governance and social (hereinafter ESG) scores are commonly used (Refinitiv Eikon). 

However, there is another approach called item response theory (hereinafter IRT) that was 

previously used in the field of psychometrics to assess subjects based on their latent traits. 

IRT has a number of advantages over traditional scores or indexes. Firstly, it is possible to 

predict company’s scores based on their abilities or latent traits. Secondly, IRT allows to 

discover which questions tend to be more difficult and which questions are considered to be 

rather easy to be answered positively. Finally, items are independent on the scale, therefore, 

score does not depend on the items. By applying the IRT on environmental data, it is possible 

to construct more precise and accurate measurement scale in order to assess companies’ 

environmental performance.  

There are several publications available discussing the application of IRT to measure 

Environmental Management (hereinafter EM) (Trierweiller, Peixe & Bornia 2012), 

Corporate Social Responsibility (hereinafter CSR) (Carroll, Primo & Richter 2016; Nicolosi 

et al. 2014), the level of reporting about supply chain sustainability (Fernandes & Bornia 

2019) and environmental management disclosure (Trierweiller, Severo Peixe & Tezza 

2013). Some of these articles rely on the research conducted based on the CDP datasets from 

the previous years (before 2012). However, publications based on the CDP data have a 

certain limit in terms of the number of selected companies for the analyses. As it can be 

noticed, there is still a room for the research involving the application of IRT in order to 

measure companies’ level of Carbon Management (hereinafter CM). 

For this analysis, the CDP dataset as well as dataset collected from Eikon, a platform 

developed by Refinitiv containing environmental, governance, and social-related data, 

including ESG Pillar Scores and ESG Combined Score (Refinitiv), are to be utilized. The 

research examining the quality of carbon management based on latest CDP and Eikon data 

is needed to be conducted to measure the level of carbon management and to shine the light 

on the progress made by organizations towards the reduction of emissions over the last years. 

Additionally, the difficulty of certain CDP questions can be determined and measured by 
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applying the IRT model into such analysis. Thus, these findings may assist companies in 

changing their climate change policy in the future. 

Due to the fact that there is available data reported by various organizations, it is essential to 

analyze such data in order to make an assessment of companies’ progress to cope with 

climate change over the last and upcoming years. Moreover, the possible ways of measuring 

the companies’ level of CM can be discovered. Companies can benefit from such analysis 

since it would provide some guidance to a wide range of enterprises on implementing 

possible changes in their climate change strategies. Since people as well as animals face new 

problems for survival due to climate change, it is wise to uncover the hidden insights from 

the available data and tackle the climate change problem during the coming years.  

1.2 Research Questions and Objectives  

The goal of this study is to determine how the quality of CM in corporations can be 

measured. In the study, the corporate level of commitment towards climate change is 

approached through the perspective of CSR, EM and CM concepts. The main research 

question of this study is as follows:  

• RQ: How the corporate level of commitment towards climate change can be 

measured? 

Two sub-questions are put forward to achieve the objective of this research. Each sub-

question is followed by the description of steps essential to answer it.  

• SQ1: How IRT can be used to enhance the measurements of CM? 

The measurement of CM scale can be conducted by applying the IRT model on the dataset. 

The selected IRT model for this study is a two-parameter logistic model (hereinafter 2PL). 

The answer to this sub-question can be found by measuring the level of CM by IRT and 

analyzing its evolvement with the evolvement of ESG Environmental Pillar score and ESG 

Emission score collected from the Eikon database for the required timespan. 

• How the calculated Carbon Management score performed over the period of 2009-

2018 and across sectors? 
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This sub-question can be answered by analyzing the changes in the development of the 

corporate level of CM for all companies over 10 years as well as by company’s sectors. By 

analyzing the evolvement of CM measure for all given sectors, it is possible to identify what 

firms have improved their CM score and what enterprises have difficulties with it. 

1.3 Structure of the Study 

Thesis consists of five chapters and their subsections. First chapter provides the background 

information regarding the research topic, research objectives, research question and its sub-

questions. Environmental Management is discussed in the second chapter in terms of its 

connection to Corporate Social Responsibility and its interconnection with Carbon 

Management. Additionally, the characteristics of Item-Response Theory and its application 

in related fields are also covered in this chapter. Third chapter reveals the empirical part of 

the study consisting of data sources, sampling and Carbon Management variables. Results 

of the analysis covering Carbon Management measurements and the evolvement of 

corporate Carbon Management score over the timespan are presented in the fourth chapter. 

Key findings, limitations as well as suggestions for the further analysis are included into the 

fifth chapter.  
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2 ENVIRONMENTAL MANAGEMENT AND CARBON MANAGEMENT 

This chapter consists of multiple definitions, such as CSR, EM and CM. CSR is an umbrella 

concept that covers the environment-related indicators, therefore EM concept is closely 

related to the CSR. CM is another concept that is related to EM as well as CSR. CM is a part 

of EM systems since one of the goals of EM is to mitigate carbon emissions. The CSR 

concept is covered first as an umbrella term. Afterwards, it is followed by the description of 

EM and the EM subchapter is followed by the discussion of CM concept. The main goal is 

to understand how these concepts are related to each other based on their definitions and 

what methods to measure these concepts were developed in previous research studies. 

Additionally, IRT is described as a measurement tool and its application in related fields are 

covered in this chapter as well. 

2.1 Current approach for measuring CSR 

Over the last years, rapid development of cutting-edge technologies has enormously 

impacted on all types of companies around the world. At the same time the international 

discussions related to climate change and other environmental problems raised awareness 

about climate change actions and solutions. Existing corporate business decisions involve 

not only social and economic problems, but also environmental issues to tackle. Ultimately, 

companies’ goal is not only to increase the profit, but also to contribute to the environmental 

well-being. This makes companies socially accountable not only to themselves and their 

stakeholders, but also to the society and environment. However, what kinds of 

responsibilities do companies have in order to contribute to the society in a positive way? 

CSR is certainly important for businesses as well as for the society. There are multiple 

definitions available of CSR that can be found in Table 1. By looking at this table, it is 

possible to see that there is no one common definition of CSR since CSR is a rather broad 

concept. However, it can be noticed that CSR involves three main concepts, such as 

economic, social and environmental principles.  
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Table 1. Summary of CSR Definitions 

Author(s) Year Definition of CSR 

Dey et al 2017 CSR is often perceived as the companies’ dedication to 

positively contribute to economic development, act ethically, 

and to increase the standards of life for employees, the society, 

and the environment. 

Beal 2014 “CSR, broadly defined, is the moral and practical obligation of 

market participants to consider the effect of their actions on 

collective or system-level outcomes and to then regulate their 

behaviour in order to contribute to bringing those outcomes into 

congruence with societal expectations” (Beal 2014, 4). 

Nicolosi, 

Grassi and 

Stanghellini 

2014 “a multidimensional concept that involves several aspects, 

ranging from environment to social and governance” (Nicolosi, 

Grassi & Stanghellini 2014, 1). 

Maignan and 

Ralston 

2002 CSR is described as a range of multiple principles under the 

influence of values, stakeholders, and performance; processes 

(activities aimed at operating CSR principles and addressing 

certain stakeholder issues related to managing environmental 

impacts, volunteer, sponsorships, code of ethics, health and 

safety); and stakeholder issues. 

Commission 

of the 

European 

Communities 

2001 “concept whereby companies integrate social and 

environmental concerns in their business operations and in their 

interaction with their stakeholders on a voluntary basis” 

(Commission of the European Communities 2001, 6). 

Since CSR is a rather comprehensive concept, multiple attempts of measuring this concept 

were performed.  Based on the attempts conducted by researchers, CSR can be measured by 

multiple types of information. The first type includes “reputational scores or rankings, 

generally based on survey responses”, while “third-party composite measures, indices or 

rankings” belong to the second type. Additionally, “company’s documents, filings, 

observation of activities or other direct data-gathering efforts (e.g., content analysis of annual 

company reports, media reports, or interviews with company representatives)” are effective 

for CSR measurement. Moreover, measures of CSR include “pollution performance ratings, 
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concern for the disadvantaged, the effectiveness of employee training programs, the 

existence of sexual harassment policies, and workplace safety records”. (Beal 2014, 6) 

Based on the guide on CSR indicators conducted by United Nations (2008), there is a number 

of indicators that can be utilized to measure the CSR. These indicators include “trade, 

investment, and linkages”, “employment creation and labor practices”, “technology and 

human resource development”, “health and safety”, “government and community 

contributions”, and “corruption”.  One of the sources of obtaining the information related to 

these indicators is the environmental, social and corporate governance (ESG) ratings, and 

ESG pillar scores that could potentially reveal more useful insights into sustainability, 

human rights, employee compensation, climate crisis, etc. Moreover, the information about 

employees’ incentives, management responsibility and board oversight could also contribute 

to CSR measurement. Additionally, CSR-related indicators may include the environment, 

human rights, diversity, community, product attributes, governance, involvement in 

controversial business issues, and employee relations indicators. These indicators, collected 

from KLD STATS (Statistical Tools for Analyzing Trends in Social and Environmental 

Performance), contributed to the development of CSR measurement in the research 

conducted by Carroll et al (2016). Furthermore, such variables as governance, community, 

diversity, employee relations, environment, human rights and product quality, ESG measure 

can be added to the list of variables that can be effective for measuring the CSR. Based on 

the research conducted by Nicolosi, Grassi & Stanghellini (2014), these variables together 

proved to be useful. Additionally, the research work written by Nicolosi et al. (2014) 

provides useful insights to the measurement of corporate social responsibility. The sample 

for the research contains 650 companies belonging to the S & P500 Index and/or to the KLD 

400 Domini Social Index. The independent variables include governance, community, 

diversity, employee relations, environment, human rights and product quality, ESG measure.  

To conclude, there are multiple definitions available of CSR, however, it is challenging to 

provide one holistic definition since the concept is rather broad. Based on the definitions, it 

is possible to conclude that the main idea of CSR is that enterprises have a certain 

responsibility to make a contribution to economic consequences that meet social 

expectations (Beal 2014). One of the components related to environmental well-being is 

carbon management, the process of managing carbon emissions. Another essential 

component related to CSR is the EM.  
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2.2 Environmental Management 

Since the environment-related indicators are also covered by the CSR concept, it explains 

that the EM concept is closely related to the CSR. EM is a broad field that leads the 

transformation from environmental utilization to possibilities and forward-looking 

evaluation of risks (Barrow 2006). Even though these both terms are connected, EM has its 

own definition. There are multiple definitions available of EM, however, there is no 

universal definition due to its broad nature. According to Barrow (2006), EM is a “process 

concerned with human–environment interactions and seeks to identify: what is 

environmentally desirable; what are the physical, economic, social and technological 

constraints to achieving that; and what are the most feasible options”. Oliveira (2010) defines 

EM as “a real and actual alternative used by companies around the world to improve and 

control their activities in order to pollute the environment less”.  

Another definition of EM is given by Trierweiller et al. (2012) which is defined as the set of 

management function activities which are used to determine the objectives, environmental 

policy as well as the companies’ responsibilities and put them into practice through planning, 

environmental control and environmental development. The authors also provide the key 

elements of environmental management, which include business, hygiene and safety, 

internal and external environment, total quality, and products. Based on the authors’ opinion, 

environmental management can be measured effectively only with the integration of these 

components and not through one single element. As it can be seen, the definition of EM is 

rather broad and generic, therefore, there are no specific defined measures for it. However, 

there has been a number of attempts implemented in previous empirical studies to measure 

EM.  

Trierweiller et al (2013) conducted the research related to measuring the evidence of 

environmental management based on the IRT. In accordance with this research, 26 items 

were created in order to evaluate the evidence of EM. Some of these items include “forms 

environmental partnerships”, “efficient use/reuse of water”, “waste management”, 

“recycling programs”, “possesses a greenhouse gas emission reduction process”, and 

“efficient use/reuse of energy”. Furthermore, items such as “uses of renewable energy”, 

“develops ecological products”, “has ISO 14001 been implemented throughout the 
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company”, and “releases environmental information in a specific report” are also included 

into the list of developed items. 

Giannarakis, Zafeiriou & Sariannidis (2017) in their research, related to the impact of carbon 

performance on climate change disclosure, two indicators were used as proxies of 

environmental performance of a company. These two indicators are as follows: climate 

change policy (CCP) and emission reduction initiatives (ERIs). The first proxy refers if a 

company has incorporated CCP, while the second proxy refers to ERIs implemented and 

developed by the organization in order to diminish the impact of climate change. To be more 

concrete, CCP indicates if the organization has expressed an intention to assist in 

diminishing global emissions of the GHG. This criterion includes an effort to diminish GHG 

emissions, to derive energy from cleaner fuel sources, to develop energy efficiency, or to 

invest in product development. The information included into the development of these two 

indicators was collected from the CDP dataset. (Giannarakis et al. 2017.) 

As it can be seen, EM is a multidimensional term that is based on developing environmental 

control by integrating policy making, ecology, social development and planning (Barrow, 

2006). To facilitate productive implementation of CSR, companies are required to positively 

contribute to the environment. The level of EM is revealed by organizations through 

environmental disclosure demonstrating the environmental information to stakeholders 

(Trierweiller et al. 2012). In order to estimate the level of EM, there have been several 

research works conducted based on multiple sources of information and various statistical 

approaches. However, conducted empirical studies based on item response theory in the field 

of EM and CSR are limited. Therefore, further research related to the evaluation of EM and 

CSR is required. 

2.3 Carbon Management 

One of the essential goals of EM includes the mitigation of possible negative impacts on 

climate systems, including the mitigation of carbon emissions. The reduction of carbon 

emissions is also one of the main goals of CM. The understanding of CM concept as well as 

the connection between EM and CM can be understood based on the definition of CM. 

According to Zhou (2020), CM is related to understanding where and how a company’s 

activities create GHG emissions in order to reduce these emissions in an ongoing and cost-

effective manner embedded into business strategy. To be specific, CM covers the 
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consumption of a company’s services and products as well as using carbon data into strategic 

business decision-making (Zhou 2020). Based on the definition from the CM practical guide 

for suppliers (Supplier Support and Information Initiative 2009), CM refers to “the 

measurement and management of the six greenhouse gases covered by the Kyoto Protocol, 

including carbon dioxide”. Methane, nitrous oxide, sulfur hexafluoride, hydrofluorocarbons, 

and perfluorocarbons are the other greenhouse gases. According to Luo and Tang (2014, 84), 

a CM system is a “way to implement firms’ carbon strategy or policy to enhance the 

efficiency of input-use, mitigate emissions and risks and avoid compliance costs or to gain 

a competitive advantage”. Therefore, it can be concluded that the goal of CM is to measure 

carbon footprint, monitor and reduce carbon emissions that are measured in compliance with 

the protocol. Additionally, it leads to a conclusion that CM is a part of EM and it plays a 

significant role in understanding the EM and CSR concepts.  

CM is applicable to a wide range of business-related activities, products and services and 

can vary depending on the size of a business. Due to the climate change awareness that is 

especially being raised these days, enterprises are required to monitor and reduce their 

carbon footprint in order to benefit the environment. Despite the fact that there are multiple 

international and local standards available to measure carbon footprint, there is no common 

framework or methods of how to measure the corporate CM performance that would be 

appropriate for all organizations. However, there have been several attempts to propose 

possible methods to assess the overall quality of CM systems. 

Tang & Luo (2014) propose an approach to measure the overall quality of CM systems. They 

developed multiple proxy variables related to carbon governance, carbon operation, 

emission tracking and reporting perspective, and engagement and disclosure perspectives. 

Board function, risk & opportunity assessment, and staff involvement are included into the 

carbon governance perspective group, while carbon operation elements contain emissions 

target, policy implementation, and supply chain emission control elements. Carbon 

accounting and carbon assurance belong to the third group of emission tracking and reporting 

perspective, whereas engagement with stakeholders and disclosure & communication are 

included as elements of the engagement and disclosure group. (Tang & Luo 2014) Basically, 

the overall quality of CM systems is measured as “the average of equal-weighted sum of the 

standardized value of these 10 developed variables” (Tang & Luo 2014, 91). 
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Another research was conducted by Eleftheriadis & Anagnostopoulou (2017) in order to 

measure the level of corporate commitment to climate change strategies based on five key 

climate change corporate practices: top management commitment (TMC), climate change 

risk management integration (RMI), carbon reduction targets (CRT), carbon reduction 

strategies (CRS), and carbon compensation strategies (CCS).  Under these factors, 23 items 

were developed. For instance, TMC is related to top management involvement and it 

includes whether the “company management has clear responsibilities for achieving climate 

change goals” (Eleftheriadis & Anagnostopoulou 2017, 631). RMI covers the 

implementation of risk management processes within a company. It includes “climate 

change risks and opportunities are identified at company level” item etc (Eleftheriadis & 

Anagnostopoulou 2017, 631). CRT refers to absolute targets and intensity reduction targets. 

For instance, the item named “company has short-term absolute carbon dioxide emission 

reduction targets” is included into this factor (Eleftheriadis & Anagnostopoulou 2017, 631). 

CRS cover the development of carbon-efficient technologies as well as the implementation 

of processes that decrease CO2 emissions. “Fossil fuel switching, from coal to natural gas” 

falls into this category (Eleftheriadis & Anagnostopoulou 2017, 631). Finally, CCS represent 

CO2 emission reduction projects, and one of the examples of the category is “participating 

in emissions trading schemes” (Eleftheriadis & Anagnostopoulou 2017, 632). Based on 

assigned weights for each item, the model, where CRS and CCS are dependable variables 

and the remaining indexes are independent, was tested based on linear regression analysis. 

(Eleftheriadis & Anagnostopoulou 2017.) 

As it can be seen from all of these applied techniques of measuring corporate CM, there are 

multiple ways of how corporate CM can be assessed. However, there is no established 

concrete method that can be accurate and applicable to all companies around the world. 

Despite the fact that a large number of research studies is based on the CDP data, the ways 

of CM assessment vary. Therefore, there is a need to develop another approach of corporate 

CM management that can be unbiased, accurate and applicable to compare all organizations’ 

carbon emissions data across multiple years as well as between the given companies. 

2.4 IRT as a measurement approach  

Item Response Theory, also known as the latent trait theory, is a set of mathematical models 

utilized to measure unobservable latent characteristics of the respondents by creating a 
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measurement scale in which respondents and the items are positioned together, facilitating 

the understanding of the scale (Fernandes 2019). In other words, IRT is an effective tool to 

analyze the relationship between latent traits of respondents and the probability of correctly 

answering questions (items). Additionally, it can also be applied to determine the most 

suitable items for measuring latent traits (Stata Press 2019). The application of IRT can be 

found in a wide range of fields, such as education, marketing, environmental management, 

ergonometric, psychology, total quality management, medicine and more. As an effective 

and powerful tool, it provides a number of advantages and one of them is that the parameters 

of respondents are independent from the items as well as the parameters of the items are 

independent from the latent traits (Fernandes 2019). Moreover, the possibility to compare 

the unobservable characteristics of respondents of different populations submitted to 

questionnaires that have certain common items is another advantage of IRT (Trierweiller 

2012). With the assistance of IRT, the relationship between unobservable latent 

characteristics of respondents and the probability of positively answered items are modelled 

with the following item response function (IRF) given in Formula 1:  

𝑃(𝑋𝑖  = 𝑐| 𝜃𝑛) = 𝑓(𝜃𝑛),    (1) 

where Xi represents the random variable denoting the answer to item i, with discrete response 

categories; c is the observed response. If X is dichotomous, c = 0,1. Usually 0 denotes 

incorrect answers and 1 denotes correct answers. If X is polytomous, c = 0,1,…,m (m > 1), 

and θn  represents the nth person’s trait parameter. (Tendeiro 2017) 

There are multiple models used in IRT, and the selection of a certain model is based on the 

item’s type. For instance, models can be divided into dichotomous, polytomous, and gradual. 

In terms of the latent trait, IRT models can be divided into cumulative or non-cumulative. 

Furthermore, in terms of the dimensionality of the latent trait, IRT models can be 

characterized as one dimensional or multidimensional. The dimensionality is related to the 

number of latent traits analyzed. (Vincenzi et al, 2018) There are multiple types of IRT 

models that can be developed for binary, graded, rated, partial-credit, and nominal response 

items. These models are as follows: binary response models, ordinal response models, 

categorical response models, hybrid models and multiple-group IRT models (Table 2).

https://www.stata.com/features/irt/
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Table 2. Comparison table for Item-Response models 

Item 

Response 

Model 

Response 

Types 

Item’s Difficulty Item’s 

Discrimination 

Equality of Item’s 

responses 

Pseudo Guessing 

Parameter 

Previous 

studies 

1PL  

Binary 

Different Same for all items No No 

 2PL Different for all items No Yes 

 3PL No Yes No 

Graded 

Response 

model (GRM) 

Ordinal Item’s difficulty is estimated in an increasing order 

since the graded response model is an ordered 

logistic model. Item’s difficulties refer to a point 

where a respondent with latent abilities has a 50% 

opportunity of answering in a category k or higher 

(e.g., >=1, >=2, and 3). It is important to notice that 

the cumulative comparisons in the GRM are done 

based on cumulative probabilities. 

Different for all items No Yes 

Partial credit 

model (PCM) 

Same for all items No No 
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Generalized 

partial credit 

model 

(GPCM) 

Different and they represent points where two 

adjoining categories are equal (e.g., 1 vs 0, 2 vs 1, 

and 3 vs 2) 

Different for all items No Yes 

Rating scale 

model (RSM) 

Same for all items Yes, distance between 

the difficulty 

parameter for 2 

adjoining item’s 

categories is identical 

across items 

No No 

Nominal 

response 

model (NRM) 

Categorical Different and they represent the point where two adjoining item’s categories 

intersect with each other (2 vs 1, 3 vs 1, 4 vs 1) 

No No 

Hybrid model Different 

(binary, 

ordinal, 

categorical) 

Depends on chosen models No 

IRT models 

for multiple 

groups 

Different Equal across groups, however the mean and the variance of all groups are 

estimated 

Depends on chosen models No 
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Binary response models include one-parameter logistic models (1PL), two-parameter 

logistic models (2PL) and three-parameter logistic models (3PL). Graded response models 

(GRM), partial credit models (PCM), generalized partial credit and rating scale models 

(RSM) belong to the ordinal response model type. Nominal response models (NRM), hybrid 

IRT models and IRT models for multiple groups represent the categorical response models, 

the multiple IRT models combined group and the multiple-group IRT models 

correspondingly. The comparison between these IRT models based on a number of 

parameters is given in Table 2. The characteristics of each model are described in the 

following subchapters. 

2.4.1 Unidimensional Dichotomous IRT Models 

2.4.1.1 One-parameter logistic model 

One-parameter logistic model is one of the simplest dichotomous response IRT models that 

characterizes each item in terms of a single parameter. Dichotomous model is a model where 

each item is labelled as correct or incorrect (0 or 1). The single parameter that is used to 

characterize an item is an item’s location (item’s difficulty δ) (De Ayala, 2009). In other 

words, this model consists of one parameter describing the latent trait (ability – θ) of an 

individual responding to the items and another parameter for the item such as difficulty. One-

parameter logistic model is represented by the following Formula (2): 

𝑝(𝑥𝑖 = 1|𝜃, 𝛿𝑖) =
𝑒𝑥𝑝(𝜃− 𝛿𝑖)

1+𝑒𝑥𝑝(𝜃−𝛿𝑖)
 ,   (2)  

where p (xi=1|θ, δi) is the probability of the response of 1 (i.e. xi = 1), θ is the respondent’s 

latent ability parameter and δi is the item’s difficulty. To be more precise, the equation (X.X) 

indicates that the probability of a response of 1 as correct on item i is a function of the 

distance between a respondent situated at θ and the item positioned at δ. The right side of 

the equation shows the distance between the respondent’s position and the item’s location 

on the probability scale of [0,1]. If a response equals to 1, it explains an event’s success (De 

Ayala 2009).  

Theoretically, the range of the respondent’s location θ as well as the item’s location δ, is 

from - ∞ to ∞. Nevertheless, typically the respondent’s and item’s locations are within -3 to 

3. The item’s locations are referred to as the item’s difficulties. Particularly, items situated 
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above 0 (for instance, above 2.0) are the most difficult ones, while items located below 0 

(for instance, below 2.0) are the easiest ones. It means that items considered to be the easiest 

ones tend to be answered accurately more often than the difficult ones. Alternatively, the 

more difficult items are the items that an individual with high proficiencies can get correct. 

Items with the average item difficulty are the items located close to 0. (De Ayala 2009). 

One-parameter logistic model combines the mathematical properties of the Rasch model. 

(Fischer & Molenaar 1995, 215). For example, the probabilities of answering the items 

accurately grow with the latent trait (ability – θ) for each item. Therefore, the greater the 

probability, the greater the unobservable latent trait. Secondly, the item characteristic curves 

do not intersect with each other. Thirdly, items differ from each other based on their 

difficulty. Less complicated items are located on the left side (e.g. below -2.0), whereas more 

challenging items are placed on the right side (e.g. above 2.0). Finally, the item’s difficulty 

δ for which the probability of answering the item correctly is 50%. (Tendeiro 2017)  

To conclude, there are three key assumptions of the one-parameter logistic model. They are 

as follows: independence of item responses, latent trait unidimensionality, and parallel item 

characteristic curves. The one-parameter logistic model is efficient to be used if differences 

between items in terms of discrimination are insignificant. 

2.4.1.2 Two-parameter logistic model 

Two-parameter logistic model is the second type of binary response IRT model that 

generalizes the one-parameter logistic model by including a new item parameter which is 

the discrimination parameter. Two-parameter logistic model is represented by the following 

Formula 3:  

𝑝(𝑥𝑖 = 1|𝜃) =
exp[𝛼𝑖(𝜃− 𝛿𝑖)]

1+exp[𝛼𝑖(𝜃−𝛿𝑖)]
,                          (4) 

where αi is the discrimination parameter for item i. (Tendeiro 2017). While the 

characteristics of two-parameter logistic models differ from the properties of one-parameter 

logistic models, there are also certain similarities between these models. For instance, 2PLM, 

as well as the 1PLM, is a cumulative model since the probability of an accurate response is 

expanding with the parameter θ. In addition to this, the difficulty parameter δ in the 2PL 

model is similarly explained as in the one-parameter logistic model. Nevertheless, there are 
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also certain differences between these two models. Firstly, the 2PL model includes the added 

discrimination parameter α that regulates the steepness of the curve at the difficulty point. 

The discrimination parameter α shows how well selected items differentiate among various 

latent trait’s levels. In other words, the greater the discrimination parameter, the greater an 

item’s ability to differentiate companies. On practice, the curve is steeper, or the slope is 

higher when the parameter α is higher. Unlike in the 1PLM, the curves in the 2PLM can 

intersect with each other, which illustrates that items can be distinctively classified in terms 

of the item difficulty for various θ levels. In other words, in 2PLM items tend to differ due 

to the added discrimination parameter. Therefore, it can be concluded that the 2PL logistic 

model is more flexible compared to the one-parameter logistic model. If all items have the 

same discrimination parameter, 1PLM is more suitable for this purpose. (Tendeiro 2017) 

In conclusion, the two-parameter logistic model is the model that allows to differentiate 

items not only based on their location, but also in terms of their capacity to vary among 

respondents. Similarly, to a one-parameter logistic model, the item’s difficulty parameter δ 

as well as the respondent’s latent ability parameter θ are similarly interpreted in the 2PL 

model. However, there is a new added item’s discrimination parameter α that makes this 

model differ from the 1PLM. 

2.4.2 IRT in related fields 

As an effective approach to measure the relationship between the latent traits of respondents 

and the probability of selecting a certain response to an item, IRT has been utilized in a 

limited number of research studies in the fields of EM, environmental sustainability, CSR, 

and supply chain sustainability. For instance, the research conducted by Carroll et al (2016) 

demonstrates innovative insights towards the improvement of measurement of CSR. The 

data sample consists of 5,784 companies and more than 80 binary indicators related to CSR 

collected from KLD STATS dataset. KLD STATS dataset contains the observations from 

1991 to 2012 years. By applying the Bayesian dynamic item-response model on the dataset, 

a new measure called D-SOCIAL-KLD (Dynamic Study of Corporate Social 

Responsibility/Performance with IRT Analytics) is developed. Additionally, it was found 

that a Bayesian IRT-based constructed measure differentiates companies better than KLD 

Index value by taking into account companies’ strengths and concerns. Finally, authors 

discovered that the D-SOCIAL-KLD measure outperforms the KLD Index and factor 

analysis in predicting new CSR-related activity. (Carroll et al. 2016) 
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The research conducted by Trierweiller et al (2013), contributes to measuring the EM 

disclosure “ability” based on a selected sample of 638 companies from Brazil. Companies 

are selected from the following 10 industries: Information Technology, Mining, Agricultural 

Production, Textile, Paper, Energy, Steel & Metals, Construction, Chemicals & 

Petrochemicals, and Automotive industries. Using the two-parameter logistic item-response 

model and a set of 26 EM disclosure items, the most difficult EM disclosure items as well 

as the easiest items were discovered. Additionally, the discrimination parameters of all items 

were estimated in order to understand to which degree a certain item differentiates among 

various organizations. Regarding the main findings of the research, it was discovered that 

309 companies have a very low level of EM disclosure at 0 or below, while only 7 companies 

have the highest level of the EM disclosure. Furthermore, companies in the agricultural 

production sector are estimated to have the lowest EM disclosure compared to organizations 

in the mining and paper sectors that have the finest performance. (Trierweiller et al. 2013) 

Vincenzi et al (2018) contributed to assessment of environmental sustainability perception 

using IRT based on a case study in Brazil. The sample includes 2519 respondents, residents 

of three cities in the Parana III Basin area, Brazil. Using one-dimensional graded response 

model, 52 items (sustainability indicators), it was discovered that 52.3% of respondents have 

no, very low or low perception of sustainability. Besides, the predominant sustainability 

dimension of the given items is environmental (Vincenzi et al. 2018). 

Additionally, the research work written by Nicolosi, Grassi & Stanghellini (2014) provides 

useful insights to the measurement of CSR. The sample for the research contains 650 

companies belonging to the S & P500 Index and/or to the KLD 400 Domini Social Index. 

Using the polytomous item response models, it was determined that firms in the oil and gas 

industry as well as firms in industrials, basic materials and telecommunications have a very 

high difficulty to follow the CSR standards. Moreover, criteria based on human rights, 

environment, community and product quality are estimated to be discriminant allowing to 

select the best performing companies, while governance does not exhibit similar behaviour. 

(Nicolosi et al. 2014) 

The publication of Fernandes & Bornia (2019) revealed how IRT can be applied for 

measuring the level of reporting of supply chain sustainability. The data sample consists of 

345 sustainability reports from 21 sectors of the Brazilian economy. By utilizing the graded 
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response model and 22 items, the items with various difficulty parameters and items with 

diverse discrimination parameters were estimated. Based on the results of this research, it 

was found that 15 out of 22 items have a high parameter of discrimination. Regarding the 

main findings of the research, the results revealed that 48.41% reporting about the supply 

chain sustainability is concentrated at the scale's lowest or minimum level: 24.93% are at the 

second or low level, 2.61% are at the medium level, and only 0.29% of the reports are at the 

high level of the scale. Therefore, it can be summarized that the level of reporting of supply 

chain sustainability presented by Brazilian companies is low. Secondly, companies with a 

low level of reporting are estimated to have higher probability of at least conducting 

superficial reporting and adopting environmental criteria to select their suppliers. Finally, 

firms with low supply chain sustainability reporting tend to only report information about 

suppliers' code of conduct in a superficial manner. (Fernandes & Bornia 2019) 

IRT is a suitable tool that can be applied for the data analysis. IRT allows the construction 

of a measurement scale as well as the level of the item's difficulty. The application of IRT 

allows not only to analyze items and developed scales, but also to create measures, and more 

importantly to measure respondents in a latent trait of interests (Trierweiller 2012). As it can 

be noticed, there are multiple publications available covering the application of item 

response models in the fields of EM, environmental sustainability, CSR, and supply chain 

sustainability. All of the previous IRT research studies have an implication for this study 

since they illustrated the novel approach of measuring ‘unobserved’ traits in the field of EM, 

CSR and supply chain sustainability. Additionally, previously conducted IRT research 

showed the possibility to detect the most challenging and straightforward to answer 

questions for companies. As it can be seen, the scope of existing research studies is limited, 

and further research conducted in these fields based on IRT is required. In this regard, the 

master’s thesis work is based on measuring the level of corporate CM using IRT.  
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3 EMPIRICAL RESEARCH METHODOLOGY   

This chapter covers the application of the empirical research and it is divided into three 

subchapters. Data collection is given in the first subchapter, while the second subchapter 

explains sampling and the descriptive part. Analysis part including its method and results 

validation is described in the third subchapter. 

3.1 Data Sources 

For this study the secondary dataset is collected from Refinitiv Eikon and CDP 

environmental dataset. Data is utilized from these sources in order to estimate the corporate 

CM by using the combined corporate EM related information from CDP and Refinitiv Eikon. 

More specifically, by taking advantages of IRT, CDP and Eikon data, it is possible to analyze 

on a larger scale the relationship between companies’ latent traits and companies’ responses 

as well as to develop new measurement scale of corporate CM. Consequently, developed 

CM measurement scale can be compared with Eikon’s ESG Emission and Environmental 

Pillar scores. 

In terms of the EM-related data, CDP contains a solid collection of measures related to EM 

as well as to CSR. For instance, CDP includes general information about companies, 

corporate responses regarding governance, risks and opportunities, business strategy, targets 

and performance. Besides, the corporate information related to emissions methodology, 

emissions data, emissions breakdown, energy as well as additional metrics can also be found 

in CDP dataset. Additionally, CDP collects the corporate information related to verification, 

carbon pricing, engagement and other land management impacts. For this analysis, the 

general information about companies, such as location and industry type, is to be used in 

order to construct the profile of a company. Moreover, the governance-related data (board 

oversight, management responsibility, employee incentives), risks and opportunity 

information (risk disclosure, opportunity disclosure), and business strategy-related 

information are to be included into the list of items. Emissions targets, emission verification, 

carbon pricing, emissions reduction initiatives, emission methodologies and emissions data 

are to be selected as the dimensions of CM. 

Dataset collected from Eikon contains the general information about firms, financial 

information about companies as well as a wide range of measures related to corporate ESG 
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performance. In addition to this, the information related to policy emissions reduction, 

emissions reduction initiatives, carbon pricing, energy and emission targets can also be 

found in Eikon. For this analysis, the information about company’s location and sector type 

is to be utilized in order to create a company’s profile. Measures related to ESG performance 

consist of Refinitiv ESG Score, ESG Pillar Scores. More specifically, there are three pillars 

called environmental, social and governance that contain a number of categories. Table 3 

displays the themes that are included into the environmental pillar’s categories.  

Table 3. Structure of Environmental Pillar (ESG Data and Solutions from Refinitiv) 

 

Environmental 

 

Resource Use 

Water 

Energy 

Sustainable packaging 

Environmental supply chain 

 

Emission 

Emissions 

Waste 

Biodiversity 

Environmental management systems 

Innovation Product Innovation 

Green revenues, research and development (R&D), 

and capital expenditures (CapEx) 

 

The elements about organization’s approach to report Scope 1, Scope 2, Scope 3 emissions, 

emissions reduction policy and initiatives, carbon price, energy, emissions verification, 

emission target and carbon pricing systems are to be used as the dimensions of CM (Table 

4). For the validation purposes, such elements as internal policy, management incentives, 
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risk and opportunity assessment, engagement with stakeholders, investment, disclosure and 

agreements are to be used (Table 5).  

3.2 Sampling 

For the further analysis, Eikon and CDP datasets have been combined and the timeframe of 

the merged dataset is considered to be 10 years from 2009 to 2018. Initially, Eikon dataset 

was collected for companies operating in apparel & accessories retailers, airlines, energy, 

restaurants & bars, hotels, motels & cruise lines industries. In CDP data, the number of 

companies submitted their responses varies from 2009 to 2018. Therefore, once the datasets 

have been merged, all companies from Eikon’s dataset and all firms reported their responses 

to CDP have been joined. Additionally, in order to complete the joined dataset, the required 

information has been collected from Eikon for those companies that were given in CDP 

dataset and missing in Eikon and added to the final dataset. Total number of companies 

present in both CDP and Eikon datasets in the sample is 5331. The remaining 5690 

companies are present in Eikon dataset only. Since the dataset contains a number of missing 

values for a wide range of companies, observations containing NA values for the majority 

of years have been excluded. For instance, if a company contains missing values for a half 

number of years, such company is removed. Moreover, the observations of a company 

reporting the data for less than 10 years are excluded as well. The remaining observations 

after the selection process are used for the further analysis. The overall number of 

observations after selection process is 31.050 and the total number of companies equals to 

3105. 

In order to obtain more concrete understanding about enterprises, which environmental data 

is available for a period of 2009-2018 years, firms can be analyzed in terms of their 

geographical position as well as industry sectors. As it can be seen from this bar plot (Figure 

1), the majority of companies given in the dataset are located in Europe (1125), North 

America (837) and Asia (814). However, the number of companies from Oceania, Africa, 

and South America are rather low compared to the number of firms from North America, 

Asia and Europe (153, 91 and 88 respectively). Some of the companies have two different 

locations mentioned in the survey.  
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Figure 1. Count of Companies over the period of 2009-2018 

In terms of industry sectors, the main 11 sectors for the reported companies are as follows: 

“Communication Services”, “Consumer Discretionary”, “Consumer Staples”, “Energy”, 

“Financials”, “Health Care”, “Industrials”, “Information Technology”, “Materials”, “Real 

Estate” and “Utilities”. Companies with the missing information about industry sectors are 

marked as ‘Unknown’. There is total 5 companies with “Unknown” sector name. Figure 2 

illustrates the percentage of companies present in the dataset by an industry sector. As one 

can see from this pie chart, the “Industrials” sector represents the majority with 18.5% and 

the second largest sector represented by 12.5% is the “Financials” sector. The third largest 

industry’s sector is “Consumer Discretionary” with 12.1% of companies. However, the 

minority is represented by the “Real Estate” industry sector with 4.2%. The percentage of 

companies with the unknown sector is .2%. 
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Figure 2. Companies by Sector 

Some of the variables, including “SocialPillarScore”, “GovernancePillarScore” and 

“EnvironmentPillarScore” for fiscal years are used for the description purposes. Since the 

number of missing values is less in variables for fiscal years compared to variables for 

calendar years, therefore the variables estimated for fiscal years are selected. The first 

variable “SocialPillarScore” measures a company’s capacity to create trustful relationship 

with its customers and workforce based on company’s management strategies. The second 

variable named “GovernancePillarScore” measures the existing firm’s processes and 

systems that are meant to assure that executives as well as board members perform in the 

interests of their long-term shareholders. Lastly, the goal of the “EnvironmentPillarScore” 

variable is to measure the impact of an organization on natural systems, such as water, land, 

and air. In other words, it reflects how well an organization’s management strategies used in 

order to avoid any environmental risks.  
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As it can be seen from the Figure 3, companies can be analyzed and viewed in terms of their 

pillar scores. It allows visually analyze the development of environmental pillar scores for 

all companies by sectors over time as well as in comparison with other sectors. Based on this 

graph, it is possible to notice that one pillar is mostly higher than the other two. In other 

words, some sectors perform better in governance, while others are good at environmental 

or social category. For some years, two of these three pillar scores for some sectors are equal, 

however, mostly the values of these pillars are different. In terms of the environmental pillar, 

companies in consumer staples and materials sector have higher environmental pillar score 

on the average compared to other sectors. However, such sector as energy has the lowest 

mean value of environmental pillar over the 10 years period. The development of 

environmental pillar score has an increasing trend for all sectors. Additionally, one can see 

that Real Estate sector has the sharpest increase of environmental pillar score compared to 

other sectors from 2009 to 2018. By analyzing all of these graphs, it is clear that companies 

from Health Care, Communication Services, Information Technology, Energy, Consumer 

Discretionary and Financials sectors constantly pay more attention to the development of 

governance and social scores and less to environmental scores. Surprisingly, environmental 

pillar score for companies from Utilities, Real Estate, Consumer Staples, Industrials and 

Materials sectors is mostly in the middle between other two scores. It means that such 

companies concern about its development, but it is not a priority.  
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Figure 3. Sectors by average values of Social Pillar, Governance Pillar and Environmental 

Pillar Scores over 2009-2018  

To conclude, there are multiple types of companies operating in 11 different sectors and 

located all over the world that provide their carbon management data. In order to measure 

the quality of company’s carbon management using the IRT model, certain variables related 

to carbon management are to be selected from the dataset and some of them are to be 

converted to binary variables for the further analysis.  

3.3 Carbon Management Variables 

First of all, a set of binary carbon management related variables that can be utilized within 

the theoretical framework is to be selected. As it can be seen from the Table 3, there is a 

number of binary variables related to environmental management and CSR derived from 

CDP dataset. In order to cover the issue of carbon management for this study, the list of 

variables collected from CDP and Eikon (Table 4) can be used for further analysis. 

Validation variables given in Table 5 are also included into the further analysis. The selected 

variables have been grouped into 15 categories, which some of these categories refers to 

committee function, management participation (incentives), risk and opportunity 

assessment, emissions data, emissions reduction initiatives, energy, carbon price, emissions 

verification, emission target, carbon pricing systems, engagement with stakeholders, 

investment, disclosure, agreements and internal policy. As it can be seen from the Table 4 

and Table 5, each element has one or more than one item contributing to the evaluation of 

an element. Some of these elements are related to the CSR, whereas the other ones could be 

useful to measure the carbon management systems. To be more specific, CSR-related items 

are selected to shine the light on the level of CSR in each company, whereas carbon 

management-related items could be helpful to evaluate companies’ quality of carbon 
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management as it is expected in this study. All of these variables given in the table are 

considered as the variables used as a part of the scale. 

Secondly, certain variables collected from CDP are to be converted to binary variables. 

Dummy coded variables were created in accordance with the CDP Climate Change 

Questionnaires for 2010-2019 years revealing all possible available answers for listed 

questions. Due to the fact that questions have been modified and changed over the years, all 

changes in questions as well as in answers for 2009-2018 timespan are saved in CDP Climate 

Change Questionnaires.
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Table 4. Measurement of carbon management system from CDP and Eikon 

Element ITEM Map to question(s) in CDP questionnaire 
Measurement of 

variables 

Range 

Emissions data 

(Scope1, Scope 2 

and Scope 3) 

ITEM_11 Describe your organization's approach to reporting Scope 2 

emissions. - Scope 2 0 = no reported Scope 2 

emissions 

1 = Scope 2 emissions 

reported 

0-1 

ITEM_12 What were your organization’s gross global Scope 1 emissions 

in metric tons CO2e? 0 = no reported Scope 1 

emissions 

1 = Scope 1 emissions 

reported 

0-1 

ITEM_13 Account for your organization’s Scope 3 emissions, disclosing 

and explaining any exclusions. 0 = no reported Scope 3 

emissions 

1 = Scope 3 emissions 

reported 

0-1 

Emissions 

reduction policy 

and initiatives 

ITEM_14 Does the company have a policy to improve emission reduction? 
0 = no, 1 = yes 0-1 

ITEM_15 Does the company report on initiatives to reduce the 

environmental impact of transportation used for its staff? 0 = no, 1 = yes 0-1 
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ITEM_16 Does the company report on initiatives to reduce, reuse, recycle, 

substitute, or phase out SOx (sulfur oxides) or NOx (nitrogen 

oxides) emissions? 

0 = no, 1 = yes 0-1 

ITEM_17 Does the company report on initiatives to reduce, substitute, or 

phase out volatile organic compounds (VOC) or particulate 

matter less than ten microns in diameter (PM10)? 

 

0 = no, 1 = yes 0-1 

ITEM_18 Does the company report on initiatives to reduce, substitute, or 

phase out volatile organic compounds (VOC)? 

- processes, mechanisms or programs in place as to what the 

company is doing to reduce or phase out volatile organic 

compounds in its operations 

- any new project undertaken to reduce voc emissions 

- general legal compliance is not qualified data 

- inline with the legal compliance or governement imosed 

processes to reduce VOC which are well described are qualified 

 

0 = no, 1 = yes 0-1 

ITEM_19 Does the company report on initiatives to reduce, substitute, or 

phase out particulate matter less than ten microns in diameter 

(PM10)? 

- initiatives which the company has put in place to reduce, 

substitute, or phase out particulate matter less than ten microns 

in diameter (PM10) 

- any new project undertaken focusing on reduction of 

particulate matter emissions 

 

- dust, fugitive dust and soot are also considered as particulate 

matter 

 

0 = no, 1 = yes 0-1 

ITEM_20 Does the company report on initiatives to recycle, reduce, reuse, 

substitute, treat or phase out total waste? 0 = no, 1 = yes 0-1 
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ITEM_21 Does the company report on initiatives to recycle, reduce, reuse, 

substitute, treat or phase out e-waste? 0 = no, 1 = yes 0-1 

ITEM_22 Does the company report or provide information on company-

generated initiatives to restore the environment? 0 = no, 1 = yes 0-1 

ITEM_23 Does the company report on its impact on biodiversity or on 

activities to reduce its impact on the native ecosystems and 

species, as well as the biodiversity of protected and sensitive 

areas? 

0 = no, 1 = yes 0-1 

ITEM_24 Does the company report on its participation in any emissions 

trading initiative? 0 = no, 1 = yes 0-1 

ITEM_25 Does the financial company have a public commitment to divest 

from fossil fuel? 0 = no, 1 = yes 0-1 

ITEM_26 Did you have emissions reduction initiatives that were active 

within the reporting year? 0 = no, 1 = yes 0-1 

Carbon price ITEM_27 Does your organization use an internal price on carbon? 1 = “Yes” 

0 = “No, but we 

anticipate doing so in 

the next two years” 

0 = “No, and we don’t 

anticipate doing so in 

the next two years” 

0-1 

Energy ITEM_28 Does the company make use of renewable energy? 
0 = no, 1 = yes 0-1 

ITEM_30 What percentage of your total operational spend in the reporting 
year was on energy? 0 = 0%, NA = “Don’t 

know” and 1 otherwise 

0-1 
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ITEM_31 Select which energy-related activities your organization has 

undertaken. - Electricity 0 – not consumed, 1 - 

consumed 

0-1 

ITEM_32 Select which energy-related activities your organization has 

undertaken. - Heat 0 – not consumed, 1 - 

consumed 

0-1 

ITEM_33 Select which energy-related activities your organization has 

undertaken. - Steam 0 – not consumed, 1 - 

consumed 

0-1 

ITEM_34 Select which energy-related activities your organization has 

undertaken. - Cooling 0 – not consumed, 1 - 

consumed 

0-1 

ITEM_35 Select which energy-related activities your organization has 

undertaken. - Fuel 0 – not consumed, 1 - 

consumed 

0-1 

Emissions 

Verification 

ITEM_36 Indicate the verification/assurance status that applies to your 

reported emissions. – Verification/assurance status for Scope 1 0 = “No emissions data 

provided” 

0 = “No third-party 

verification or 

assurance” 

0 = “Not verified or 

assured” 

NA = “Verification or 

assurance underway 

but not yet complete” 

0-1 
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1 = “Third-party 

verification or 

assurance process in 

place” 

1 = “Third-party 

verification or 

assurance underway” 

1 = “Third-party 

verification or 

assurance complete” 

ITEM_37 Indicate the verification/assurance status that applies to your 

reported emissions. – Verification/assurance status for Scope 2 0 = “No emissions data 

provided” 

0 = “No third-party 

verification or 

assurance” 

0 = “Not verified or 

assured” 

NA = “Verification or 

assurance underway 

but not yet complete” 

1 = “Third-party 

verification or 

assurance process in 

place” 

0-1 
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1 = “Third-party 

verification or 

assurance underway” 

1 = “Third-party 

verification or 

assurance complete” 

ITEM_38 Indicate the verification/assurance status that applies to your 

reported emissions. – Verification/assurance status for Scope 3 0 = “No emissions data 

provided” 

0 = “No third-party 

verification or 

assurance” 

0 = “Not verified or 

assured” 

NA = “Verification or 

assurance underway 

but not yet complete” 

1 = “Third-party 

verification or 

assurance process in 

place” 

1 = “Third-party 

verification or 

assurance underway” 

0-1 
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1 = “Third-party 

verification or 

assurance complete” 

Emission target ITEM_39 Has the company set targets or objectives to be achieved on 

emission reduction? 0 = no, 1 = yes 0-1 

ITEM_40 Did you have an emissions target that was active in the reporting 

year? 3 points = “Absolute 

and intensity targets”,  

1 point = “Absolute 

target”, 2 points = 

“Intensity target”, and 

0 otherwise. 

Therefore, 0 = no, and 

1 = yes. 

0-1 

ITEM_41 Provide details of your emissions intensity target(s) and 

progress made against those target(s). - Is this a science-based 

target? 

1 = “Yes, this target has 

been approved as 

science-based by the 

Science Based Targets 

Initiative” 

1 = “Yes, we consider 

this a science-based 

target, but this target 

has not been approved 

as science-based by the 

Science Based Targets 

initiative” 

0 = “No, but we are 

reporting another target 

that is science-based” 

0-1 
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0 = “No, but we 

anticipate setting one 

in the next 2 years” 

0 = “No, and we do not 

anticipate setting one 

in the next 2 years” 

NA = “Don’t know” 

Carbon pricing 

systems 

ITEM_42 Are any of your operations or activities regulated by a carbon 

pricing system (i.e., ETS, Cap & Trade or Carbon Tax)? 1 = “Yes” 

0 = “No, but we 

anticipate being 

regulated in the next 

three years”  

0 = “No, and we do not 

anticipate being 

regulated in the next 

three years” 

0-1 
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Table 5. Measurement of validation variables from CDP and Eikon 

Element ITEM Map to question(s) in CDP questionnaire Measurement of 

variables 

Range 

Internal policy ITEM_01 Does the company have a CSR committee or team? 
0 = no, 1 = yes 0-1 

ITEM_02 Are climate-related issues integrated into your business 

strategy? 0 = no, 1 = yes 0-1 

ITEM_03 Is there board-level oversight of climate-related issues within 

your organization? 0 = no, 1 = yes 0-1 

ITEM_29 Does the company report about environmentally friendly or 

green sites or offices? 0 = no, 1 = yes 0-1 

ITEM_52 Does the company train its employees on environmental issues? 
0 = no, 1 = yes 0-1 

Management 

participation 

(Incentives) 

ITEM_04 Do you provide incentives for the management of climate-

related issues, including the attainment of targets? 0 = no, 1 = yes 0-1 

Risk and 

opportunity 

assessment 

ITEM_05 Is the company aware that climate change can represent 

commercial risks and/or opportunities? 0 = no, 1 = yes 0-1 

ITEM_06 Have you identified any inherent climate change risks that have 

the potential to generate a substantive change in your business 

operations, revenue or expenditure? 

0 = no, 1 = yes  0-1 
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ITEM_07 Is the company a signatory of the Equator Principles 

(commitment to manage environmental issues in project 

financing)? 

- in focus are the companies who have adopted the equator 

principles which ensures that the projects being financed meet 

environmental standards. 

0 = no, 1 = yes 0-1 

ITEM_08 Is the company a signatory of the Equator Principles 

(commitment to manage environmental issues in project 

financing) or does it claim to evaluate projects on the basis of 

environmental or biodiversity risks as well? 

0 = no, 1 = yes 0-1 

ITEM_09 Does the company claim to evaluate projects on the basis of 

environmental or biodiversity risks as well? 0 = no, 1 = yes 0-1 

ITEM_10 Have you identified any climate-related opportunities with the 

potential to have a substantive financial or strategic impact on 

your business? 

0 = no, 1 = yes  

1 = yes, we have 

identified opportunities 

but are unable to 

realize them 

1 = “Opportunities 

driven by changes in 

regulation” 

1 = “Opportunities 

driven by changes in 

physical climate 

parameters” 

1 = “Opportunities 

driven by changes in 

0-1 
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other climate-related 

developments” 

Engagement with 

stakeholders 

ITEM_43 Does the company report on partnerships or initiatives with 

specialized NGOs, industry organizations, governmental or 

supra-governmental organizations, which are focused on 

improving environmental issues? 

0 = no, 1 = yes 0-1 

ITEM_44 Are you on the board of any trade associations or do you provide 

funding beyond membership? 0 = no, 1 = yes 0-1 

ITEM_45 Do you engage in activities that could either directly or 

indirectly influence public policy on climate-related issues 

through any of the following? 

5 points = “Direct 

engagement with 

policy makers”; 4 

points = “Trade 

associations”; 3 points 

= “Funding research 

organizations”; 2 

points = “Other”; 1 

point = “No”. 

Therefore, 0 = no and 1 

= “Direct engagement 

with policy makers” or 

“Trade associations” or 

“Funding research 

organizations” or 

“Other”.  

0-1 

ITEM_46 Do you engage with your value chain on climate-related issues? 
4 points = “Yes, our 

suppliers”  

0-1 
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3 points = “Yes, our 

customers” 

2 points = “Yes, other 

partners in the value 

chain” 

1 point = “No, we do 

not engage”.  

Therefore, 0 = no and 1 

= yes. 

Investment ITEM_47 Does the company report on its environmental expenditures or 

does the company report to make proactive environmental 

investments to reduce future risks or increase future 

opportunities? 

0 = no, 1 = yes 0-1 

ITEM_48 Does the company report on making proactive environmental 

investments or expenditures to reduce future risks or increase 

future opportunities? 

0 = no, 1 = yes 0-1 

Disclosure ITEM_49 Have you published information about your organization's 

response to climate change and GHG emissions performance for 

this reporting year in places other than in your CDP response? 

If so, please attach the publication(s). - Publication 

0 = no, 1 = yes 0-1 

Agreements ITEM_50 Has the company signed the UN Global Compact? 
0 = no, 1 = yes 0-1 

ITEM_51 Has the company signed the United Nation Principles for 

Responsible Investment (UNPRI)? 0 = no, 1 = yes 0-1 
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Table 6 demonstrates the descriptive statistics of all selected items. The items with the 

highest mean value of .99 are ITEM_30, “What percentage of your total operational spend 

in the reporting year was on energy”, and ITEM_11, “Describe your organization’s approach 

to reporting Scope 2 emissions - Scope 2”, while the item with the lowest average value of 

0 is ITEM_25, “Does the financial company have a public commitment to divest from fossil 

fuel?”. The minimum value for all item is 0 and the highest value is 1. The number of 

observations for items vary since the information in certain items for some of the companies 

is unavailable. Some of the variables such as ITEM_08, “Is the company a signatory of the 

Equator Principles (commitment to manage environmental issues in project financing) or 

does it claim to evaluate projects on the basis of environmental or biodiversity risks as 

well?”, ITEM_41, “Provide details of your emissions intensity target(s) and progress made 

against those target(s). - Is this a science-based target?” and ITEM_42, “Are any of your 

operations or activities regulated by a carbon pricing system (i.e., ETS, Cap & Trade or 

Carbon Tax)?” have a low number of observations. Additionally, there is a low number of 

observations in ITEM_44, “Are you on the board of any trade associations or do you provide 

funding beyond membership?”, ITEM_27, “Does your organization use an internal price on 

carbon?”, ITEM_17, “Does the company report on initiatives to reduce, substitute, or phase 

out volatile organic compounds (VOC) or particulate matter less than ten microns in 

diameter (PM10)?” and ITEM_46, “Do you engage with your value chain on climate-related 

issues?”. The following items, ITEM_13, “Account for your organization’s Scope 3 

emissions, disclosing and explaining any exclusions.”, and ITEM_30, “What percentage of 

your total operational spend in the reporting year was on energy?” contain the limited 

number of observations as well. 
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Table 6. Descriptive Statistics (N = 31.050) 

Variable Obs Mean Std. dev. Min Max 
      

ITEM_01 23.255 .73 .44 0 1 

ITEM_02 16.598 .92 .27 0 1 

ITEM_03 16.654 .97 .17 0 1 

ITEM_04 16.579 .76 .43 0 1 

ITEM_05 23.255 .57 .50 0 1 
      

ITEM_06 15.252 .97 .18 0 1 

ITEM_07 23.255 .02 .12 0 1 

ITEM_08 2.924 .49 .50 0 1 

ITEM_09 23.255 .06 .25 0 1 

ITEM_10 15.462 .98 .15 0 1 
      

ITEM_11 15.826 .99 .11 0 1 

ITEM_12 16.276 .98 .13 0 1 

ITEM_13 13.22 .99 .10 0 1 

ITEM_14 23.255 .75 .43 0 1 

ITEM_15 23.255 .30 .46 0 1 
      

ITEM_16 23.255 .16 .37 0 1 

ITEM_17 13.547 .29 .45 0 1 

ITEM_18 23.255 .13 .34 0 1 

ITEM_19 23.255 .08 .27 0 1 

ITEM_20 23.255 .72 .45 0 1 
      

ITEM_21 23.255 .22 .42 0 1 

ITEM_22 23.255 .31 .46 0 1 

ITEM_23 23.255 .30 .46 0 1 

ITEM_24 23.255 .17 .37 0 1 

ITEM_25 23.255 .00 .04 0 1 
      

ITEM_26 15.379 .93 .25 0 1 

ITEM_27 8.896 .24 .43 0 1 

ITEM_28 23.255 .53 .50 0 1 

ITEM_29 23.255 .33 .47 0 1 

ITEM_30 13.972 .99 .08 0 1 
      

ITEM_31 16.102 .96 .20 0 1 

ITEM_32 16.418 .28 .45 0 1 

ITEM_33 16.418 .24 .43 0 1 

ITEM_34 16.418 .12 .33 0 1 
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ITEM_35 16.004 .91 .28 0 1 
      

ITEM_36 15.335 .63 .48 0 1 

ITEM_37 15.267 .61 .49 0 1 

ITEM_38 15.003 .43 .50 0 1 

ITEM_39 22.924 .53 .50 0 1 

ITEM_40 16.579 .78 .42 0 1 
      

ITEM_41 3.882 .21 .41 0 1 

ITEM_42 3.547 .38 .49 0 1 

ITEM_43 23.255 .59 .49 0 1 

ITEM_44 8.582 .82 .39 0 1 

ITEM_45 16.414 .85 .36 0 1 
      

ITEM_46 11.993 .82 .38 0 1 

ITEM_47 20.522 .41 .49 0 1 

ITEM_48 23.255 .24 .43 0 1 

ITEM_49 16.316 .95 .22 0 1 

ITEM_50 23.255 .27 .45 0 1 
      

ITEM_51 23.255 .01 .08 0 1 

ITEM_52 23.255 .65 .48 0 1 

3.3.1 Development of the Measurement Scale 

The exploratory factor analysis is to be conducted in order to check the dimensionality. In 

other words, to make sure these items belong to the same dimension. During this step, items 

with poor loadings as well as items with high cross-loadings are to be removed. The factor 

loadings and unique variances can be found in Appendix 1. In order to measure the sampling 

adequacy or, in other words, how well the data is suited for the factor analysis, the Kaiser-

Meyer-Olkin (KMO) test has been completed. KMO value shows the proportion of variance 

in selected variables that can be caused by factors. Based on the results of this test (Appendix 

2), the overall KMO value is .7685, which indicates that the sampling is middling and there 

are some partial correlations present. The rotation of factor loadings with Varimax rotation 

method allows to interpret variables being grouped into multiple factors. 

As it can be seen from the Table 7, 36 variables have been selected and grouped into 13 

factors. Since some of the factor loadings are below .5, therefore, they are to be excluded 

from a factor. In other words, items related to the verification/assurance status for Scope 1, 

Scope 2 and Scope 3 are combined together in the Factor 1. By taking into account these 
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latent constructs, Factor 1 can be named as “Verification/assurance status”. Factor 2 

combines the variables connected to reporting on emissions trading initiatives, price on 

carbon and carbon pricing system. This factor can be renamed as “Carbon pricing”. Items 

related to reporting on a number of various types of initiatives are grouped together in Factor 

3. Factor 3 can be called as “Initiatives”. Factor 4 combines items about reporting on 

investments, whereas Factor 5 is about CSR committee, policy to reduce emissions and 

policy to train employees on environmental issues. Based on the mentioned latent constructs, 

Factor 4 might be named as “Investments” and Factor 5 as “CSR”. Factor 6 groups variables 

connected to the environmental impact of an enterprise. “Green Environment” can be 

considered as the synonym of Factor 6. Factor 7 combines items related to energy-related 

activities and UN Global Compact agreement. Since Factor 8 includes only one item, this 

factor can be called as “Steam”. Variables related to waste reduction and energy-related 

activities such as Fuel are grouped into the Factor 9. Since the variables about incentives to 

promote climate-related issues within the company and engagement with value chain about 

climate-related issues are grouped together, Factor 10 can be called as “Promotion/Actions”. 

Factor 11 can be associated with “Emissions Reduction Initiatives”.  The synonym for Factor 

12 is “United Nations Principles for Responsible Investment”, while Factor 13 can be called 

as “Business Strategy”.  
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Table 7. Rotated factor loadings (pattern matrix) and unique variances 

Variable Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor8  Factor9 Factor10 Factor11 Factor12 Factor13 Uniqueness  

               

ITEM_01     0.66                   0.50 

ITEM_02                       0.62 0.55 

ITEM_03 0.20  -0.28   -0.27               -0.26 0.24 -0.47 0.40 

ITEM_04 0.29      -0.23             0.50 0.32   0.44 

ITEM_05  0.41   0.28 0.26                  0.55 

ITEM_14     0.58                  -0.20 0.56 

ITEM_15      0.57                  0.54 

ITEM_16  0.34 0.70                     0.36 

ITEM_17   0.75 0.20                    0.32 

ITEM_19   0.85                     0.24 

ITEM_20                   0.67     0.38 

ITEM_21      0.50  -0.28 0.29  -0.22   0.46 

ITEM_22    0.30 0.30  -0.45 0.32    0.20  0.41 

ITEM_23  0.29 0.29  0.39                 0.36  0.45 

ITEM_24  0.74                      0.39 

ITEM_26                     0.77   0.35 

ITEM_27  0.66  0.25                    0.44 

ITEM_28     0.30  0.35             0.39    0.50 

ITEM_29      0.68  0.21  0.21    0.39 

ITEM_32       0.54 0.27      0.59 

ITEM_33        0.77      0.36 

ITEM_35      -0.23             0.71     0.32 

ITEM_36 0.90                       0.14 

ITEM_37 0.93                       0.11 
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ITEM_38 0.76                       0.34 

ITEM_39     0.23   0.33  0.31    0.61 

ITEM_41        -0.27 -0.24   0.22  0.60 

ITEM_42  0.65      0.29      0.40 

ITEM_43  0.35   0.26 0.33  0.21    0.32 -0.23 0.45 

ITEM_44    0.21   0.25              0.34  0.21 0.63 

ITEM_46                    0.77    0.34 

ITEM_47    0.83                    0.23 

ITEM_48    0.85                    0.22 

ITEM_50  0.24     0.66                 0.45 

ITEM_51                      0.76  0.36 

ITEM_52     0.62                  0.40 0.40 
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Based on the results obtained after the rotation of factor loadings, it can be seen from the 

Appendix 3 that all 13 factors together explain .5894 or around 59% of the variation in the 

data. It is noticeable from Appendix 3 that the first factor explains around 7% of the data’s 

variance. 

The 2PL IRT model is to be applied on 36 items that were previously grouped into factors. 

The 2PL IRT model has been selected for this analysis since this model is effective to be 

applied to items that are supposed to be scored as correct or incorrect. Also, this model allows 

to differentiate items in terms of their difficulty and in terms of their ability to discriminate 

among respondents. Additionally, this model does not assume any guessing parameter since 

there is no guessing parameter in this analysis. 

The results of 2PL IRT model are shown in Table 8. In the table, items are sorted in the 

descending order in terms of the item’s difficulty parameter and in the ascending order based 

on the discrimination parameter. As it can be seen, the item with the highest item’s difficulty 

value of 70.49 is ITEM_51, “Has the company signed the United Nation Principles for 

responsible Investment (UNPRI)?”. The second item with the high item’s difficulty 

parameter of 3.13 is ITEM_32, “Select which energy-related activities your organization has 

undertaken - Heat”.  In other words, these values demonstrate that very few companies 

signed the UNPRI, and the low number of companies reported their consumption of heat. 

Nevertheless, there are numerous items with the negative coefficient, meaning that these 

items tend to be answered positively by companies. For instance, ITEM_03, “Is there board-

level oversight of climate-related issues within your organization?” and ITEM_35, “Select 

which energy-related activities your organization has undertaken - Fuel” are considered to 

be the items with the lowest coefficient. It means that a large number of enterprises have the 

board-level oversight of climate-related issues within an organization, and they tend to report 

their consumption of fuel. 

Based on the model’s summary, the highest coefficient of the item discrimination parameter 

equals to 2.76, while the smallest coefficient of the discrimination parameter is .07. It shows 

that ITEM_14, “Does the company have a policy to improve emission reduction?”, is the 

most discriminating item, whereas ITEM_51, “Has the company signed the United Nation 

Principles for responsible Investment (UNPRI)?”, is the least discriminating item. In other 

words, companies with the high or low level of latent traits would have the similar 



 

53 

probability of giving an affirmative answer to ITEM_14. The level of latent traits refers to 

the ‘unobserved’ company’s characteristics that cannot be directly measured. Such traits 

assist to distinguish firms from each other since latent traits are individual characteristics of 

each organization. Additionally, firms with the high level of latent traits have a high 

probability to provide a positive answer for the ITEM_51. To conclude, the probabilities 

vary once items are distinctive. 

Table 8. Parameters of the items, ordered based on item’s difficulty in descending order and 

in ascending order based on the degree of discrimination parameter  
 

Items Coef       Std. err.      z        P>z        [95% conf. interval] 

Diff ITEM_51 70.49 85.07 0.83 0.41 -96.25 237.23  
ITEM_32 3.13 0.19 16.41 0.00 2.76 3.50  
ITEM_41 3.10 0.28 11.08 0.00 2.55 3.65  
ITEM_21 2.46 0.08 29.70 0.00 2.30 2.63  
ITEM_19 1.95 0.03 59.94 0.00 1.89 2.01  
ITEM_33 1.89 0.05 36.22 0.00 1.79 1.99  
ITEM_15 1.54 0.05 33.41 0.00 1.45 1.63  
ITEM_16 1.39 0.02 67.95 0.00 1.35 1.43  
ITEM_24 1.39 0.02 66.76 0.00 1.35 1.43  
ITEM_27 1.37 0.03 45.12 0.00 1.31 1.43  
ITEM_29 1.09 0.03 36.68 0.00 1.03 1.14  
ITEM_48 1.04 0.02 64.16 0.00 1.01 1.07  
ITEM_50 1.00 0.02 54.56 0.00 0.97 1.04  
ITEM_17 0.95 0.02 50.85 0.00 0.91 0.99  
ITEM_42 0.92 0.04 24.49 0.00 0.85 0.99  
ITEM_22 0.84 0.02 51.33 0.00 0.81 0.88  
ITEM_23 0.79 0.01 56.38 0.00 0.76 0.82  
ITEM_38 0.59 0.01 40.64 0.00 0.56 0.61  
ITEM_47 0.41 0.01 31.28 0.00 0.38 0.43  
ITEM_37 0.02 0.01 1.92 0.06 0.00 0.05  
ITEM_36 -0.03 0.01 -2.62 0.01 -0.06 -0.01  
ITEM_39 -0.05 0.01 -4.66 0.00 -0.07 -0.03  
ITEM_28 -0.08 0.01 -6.33 0.00 -0.10 -0.05  
ITEM_05 -0.22 0.01 -17.41 0.00 -0.24 -0.19  
ITEM_43 -0.30 0.01 -23.87 0.00 -0.32 -0.27  
ITEM_52 -0.57 0.01 -38.84 0.00 -0.60 -0.55  
ITEM_04 -0.66 0.02 -33.52 0.00 -0.70 -0.62  
ITEM_20 -0.76 0.01 -56.51 0.00 -0.78 -0.73  
ITEM_14 -0.78 0.01 -66.55 0.00 -0.80 -0.76  
ITEM_01 -0.84 0.01 -56.95 0.00 -0.87 -0.81  
ITEM_44 -0.94 0.05 -17.26 0.00 -1.05 -0.83 
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ITEM_46 -1.02 0.04 -29.11 0.00 -1.09 -0.96  
ITEM_26 -1.48 0.03 -46.48 0.00 -1.55 -1.42  
ITEM_02 -1.53 0.03 -44.46 0.00 -1.60 -1.47  
ITEM_35 -1.65 0.04 -37.81 0.00 -1.73 -1.56  
ITEM_03 -2.29 0.06 -35.81 0.00 -2.42 -2.17 

Discr ITEM_51 0.07 0.09 0.83 0.41 -0.10 0.24  
ITEM_32 0.34 0.02 14.86 0.00 0.30 0.39  
ITEM_41 0.54 0.06 8.76 0.00 0.42 0.66  
ITEM_21 0.54 0.02 28.27 0.00 0.50 0.58  
ITEM_15 0.61 0.02 33.85 0.00 0.57 0.64  
ITEM_29 0.75 0.02 40.20 0.00 0.71 0.78  
ITEM_33 0.80 0.03 29.00 0.00 0.75 0.86  
ITEM_44 1.15 0.05 23.86 0.00 1.06 1.25  
ITEM_42 1.19 0.06 18.60 0.00 1.06 1.31  
ITEM_50 1.30 0.03 51.08 0.00 1.25 1.35  
ITEM_22 1.34 0.03 52.61 0.00 1.29 1.39  
ITEM_46 1.35 0.04 33.14 0.00 1.27 1.43  
ITEM_52 1.39 0.02 58.40 0.00 1.34 1.44  
ITEM_27 1.44 0.05 29.12 0.00 1.34 1.53  
ITEM_35 1.50 0.05 33.26 0.00 1.41 1.59  
ITEM_47 1.53 0.03 53.85 0.00 1.47 1.59  
ITEM_38 1.54 0.04 40.83 0.00 1.47 1.61  
ITEM_05 1.54 0.03 60.42 0.00 1.49 1.59  
ITEM_17 1.56 0.04 42.04 0.00 1.49 1.63  
ITEM_28 1.58 0.03 60.81 0.00 1.52 1.63  
ITEM_04 1.61 0.04 43.83 0.00 1.54 1.69  
ITEM_43 1.62 0.03 61.00 0.00 1.57 1.67  
ITEM_23 1.65 0.03 54.80 0.00 1.59 1.71  
ITEM_24 1.66 0.03 47.38 0.00 1.59 1.72  
ITEM_48 1.68 0.03 51.19 0.00 1.61 1.74  
ITEM_01 1.71 0.03 58.96 0.00 1.65 1.77  
ITEM_16 1.75 0.04 46.15 0.00 1.67 1.82  
ITEM_03 1.77 0.07 26.23 0.00 1.63 1.90  
ITEM_19 1.81 0.05 36.77 0.00 1.71 1.91  
ITEM_02 1.86 0.05 34.96 0.00 1.76 1.97  
ITEM_20 1.93 0.03 60.07 0.00 1.86 1.99  
ITEM_39 2.02 0.03 61.70 0.00 1.96 2.08  
ITEM_37 2.09 0.05 41.70 0.00 2.00 2.19  
ITEM_26 2.21 0.07 32.69 0.00 2.08 2.34  
ITEM_36 2.28 0.05 41.86 0.00 2.18 2.39  
ITEM_14 2.76 0.05 55.11 0.00 2.66 2.86 
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3.3.2 Validation of Carbon Management Measure 

The validity or the robustness of the model can be evaluated from the following perspectives 

of nomological validity. Nomological validity requires a comparison between created CM 

scale and ESG Scores. Based on the results shown in Table 9, developed CM scale has the 

highest correlation of .85 with ESG Emission score and .82 with ESG Environment Pillar 

Score among all other scores.  The relationships between these variables are to be discussed 

further. 
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  Developed 

CM_Score 

ESG 

Score 

ESG 

Resource 

Use Score 

ESG 

Environmental 

Innovation Score 

ESG Emission 

Score 

ESG 

Environmental 

Pillar Score 

              

Developed CM_Score 1.00           

ESG Score .75 1.00         

ESG Resource Use Score .76 .80 1.00       

ESG Environmental Innovation 

Score 

.46 .52 .42 1.00     

ESG Emission Score .85 .78 .77 .42 1.00   

ESG Environmental Pillar Score .82 .84 .86 .69 .87 1.00 

Table 9. Correlation between developed CM Score and ESG Scores
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As it can be seen from Figure 4, there is a positive linear relationship between the given 

variables. However, there are also multiple outliers. For instance, for one of the companies 

from Industrials sector the Environmental Pillar score is too high, while the estimated CM 

score is close to 0, which is the average score. This company seems to be an outlier in this 

case, however, ESG Emission score or other scores included into the Environmental Pillar 

of this company are not high and not outliers.  

 

 

Figure 4. Developed CM Score vs. Environmental Pillar Score  

 

Additionally, the relationships between CM score and ESG Emission score are shown in 

Figure 5. There is also a positive linear relationship visible, however, there is some surprising 

difference visible for one of the companies from Utilities sector. There are two companies 

with the different ESG Emission score and both of these companies are classified with the 

low CM score. However, there are other companies with the same low ESG Emission score 

around -0.5, but they are estimated with the higher CM score. 
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Figure 5. Developed CM Score vs. ESG Emission Score 
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4 RESULTS 

This chapter is divided into two subchapters and it reveals the results of the analysis. The 

first subchapter covers the CM measurements of latent traits by selected items. Item’s 

difficulty parameters and item’s discrimination parameters are analyzed. The validation of 

developed CM score is described in second subchapter.  

4.1 Carbon Management Measurements 

In order to visualize the estimated discrimination parameters, multiple items including 

ITEM_01, “Does the company have a CSR committee or team?”, ITEM_ 02, “Are climate-

related issues integrated into your business strategy?”, ITEM_03, “Is there board-level 

oversight of climate-related issues within your organization?”, ITEM_04, “Do you provide 

incentives for the management of climate-related issues, including the attainment of 

targets?”, ITEM_36, “Indicate the verification/assurance status that applies to your reported 

emissions. – Verification/assurance status for Scope 1”, ITEM_37, “Indicate the 

verification/assurance status that applies to your reported emissions. – 

Verification/assurance status for Scope 2”, ITEM_38, “Indicate the verification/assurance 

status that applies to your reported emissions. – Verification/assurance status for Scope 3”, 

ITEM_41, “Provide details of your emissions intensity target(s) and progress made against 

those target(s). - Is this a science-based target?”, and ITEM_42, “Are any of your operations 

or activities regulated by a carbon pricing system (i.e., ETS, Cap & Trade or Carbon Tax)?” 

have been selected for the ICC plot (Figure 6). Additionally, ITEM_43, “Does the company 

report on partnerships or initiatives with specialized NGOs, industry organizations, 

governmental or supra-governmental organizations, which are focused on improving 

environmental issues?” have also been selected. These particular items have been selected 

for the visualization since they vary in terms of item’s discrimination and item’s difficulty 

parameters and can demonstrate these differences on the plot. As it can be seen from the 

figure, the estimated discrimination parameters provide a sense of the slope where the ability 

(theta) equals to the estimated difficulty parameter. In other words, ITEM_02 has the 

steepest slope since ITEM_02 is estimated to be the high discriminating item at its 

discrimination parameter which is -1.53. In the comparison to ITEM_02, it can be noticed 

that the slope of ITEM_41, which is the least discriminating item, is more gradual. 
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Figure 6. ICC Plot of items 

TCC plot shown in Figure 7 displays the expected score as a function of latent trait (ability) 

created based on the parameters of 2PL model. Based on this graph, once can see the number 

of scores that companies can achieve based on their level of latent traits. The range of y axis 

is within the range of 0 to 36 since there are 36 binary items present in the dataset. The solid 

black theta lines with the values of -1.96 and 1.96 display the expected scores for a certain 

value of ability θ. By looking at this plot, it is possible to conclude that the average 

respondents can score 16.2, while below average firms can obtain scores below 16.2. 

However, above average companies can receive scores over 16.2 in a 36-questions survey. 

Based on 95% critical values from standard distribution (-1.96 and 1.96), this plot explains 

that 95% of randomly selected companies are expected to score between 3.48 and 29. In 

other words, 95% of randomly selected corporations are expected to obtain the score in the 

range of 3 and 29. 
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Figure 7. Test Characteristic Curve based on 2PL IRT model 

4.2 Development of the Corporate Carbon Management Scale over time 

In order to measure the level of carbon management based on the given dataset, the score of 

carbon management is to be calculated. The CM Score (hereinafter CM_Score) is created 

based on the Empirical Bayes method. CM_Score was calculated in Stata in accordance with 

the results of 2PL IRT model. In other words, empirical Bayes means for Theta (latent traits) 

was calculated based on the determined latent traits of selected items. The estimated 

CM_Score has .0002449 mean and .8465786 standard deviation. The minimum value of 

CM_Score is -2.6 and the maximum value is 2.61. The general trend can be visualized by 

summing all of these scores for each year. As it can be seen from the Figure 8, the estimated 

CM score decreased from 2009 to 2010. However, there is a positive trend visible from 2010 

to 2018. 
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Figure 8. Average Carbon Management Score from 2009-2018 

CM score can also be analyzed in terms of the industry sectors. Based on the Figure 9, it is 

clear that the sectors with the CM score over 0 from 2009 to 2018 are “Consumer Staples”, 

“Materials” and “Utilities”. “Financials” sector has the lowest CM score in 2009 among all 

sectors and it was significantly improved over these 10 years. Additionally, “Energy” 

sector’s CM score in 2018 has been significantly improved compared to 2009. Some of the 

sectors such as “Health Care”, “Communication Services” and “Utilities” have a rather 

steady growing trend.  
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Figure 9. Average Carbon Management Score by Sector 

In order to evaluate the development of CM score over time, CM score, ESG Emission score 

and ESG Environmental Pillar score collected from Eikon are to be compared. ESG 

Emission score measures a company’s commitment towards diminishing environmental 

emission in operational as well as production processes, whereas ESG Environmental Pillar 

score measures a company's impact on natural systems, and it also reflects how well a firm 

utilizes management practices in order to reduce environmental risks. Since the number of 

observations available for fiscal year is slightly higher than the number of observations 

available for a calendar year, ESG Emission and ESG Environmental Pillar scores for fiscal 

year are to be utilized. First of all, these two variables have been standardized in order to be 

able to compare these values with developed CM Score. The standardization is conducted in 

the following way. The mean value is subtracted from each value and the result is divided 

by the standard deviation.  

Figure 10 illustrates the development of CM Score, ESG Emission score and ESG 

Environmental Pillar Score over the 10 years by 11 sectors. By looking at these graphs, it is 

possible to notice that the blue line representing developed measure of CM Score for some 

sectors is not than smooth compared to ESG Emission score or Environmental Pillar Score. 
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Simply put, blue line represents more the growth and decrease of the score throughout the 

timespan. For all sectors, excluding Real Estate and Utilities, the pattern of CM Score on the 

average follows the pattern of ESG Emission score. However, it can be seen that the average 

CM score is higher than the average ESG Emission score for Utilities sector, whereas the 

average CM score is estimated to be lower than the average ESG Emission score for Real 

Estate sector. 

 

Figure 10. Companies by Sectors from 2009 to 2018. Mean of Bayesian CM score shown in 

blue line, mean of Environmental Pillar score standardized shown in green line and mean of 

ESG Emission Reduction score standardized highlighted in red color 
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5 CONCLUSIONS AND DISCUSSION 

This chapter of the thesis work covers the main findings of this study, limitations and 

suggestions for further research. The key results are discussed in terms of previously defined 

research sub-questions as well as the objective of the research.  

5.1 Key Findings 

The objective of this study is to discover the measurement method of the level of carbon 

management through the respective of CSR, EM and CM concepts. In order to achieve this 

goal, 3105 companies from 11 sectors have been selected for the analysis. Moreover, 52 

variables related to CSR, EM and CM have been selected as items. Factor analysis was 

performed on all variables in order to reduce the number of items. Based on the results of 

the factor analysis, 16 variables out of 52 have been removed due to the zero variance and 

low factor loadings. Remaining variables have been grouped into 13 factors which are 

represented by the following names: “Verification/assurance status”, “Carbon pricing”, 

“Initiatives”, “Investments”, “CSR”, “Green Environment”, “Energy”, “Steam”, “Waste 

Reduction and Fuel”, “Promotion/Actions”, “Emissions Reduction Initiatives”, “United 

Nations Principles for Responsible Investment” and “Business Strategy”.  

Two-parameter logistic item-response model was applied on selected items in order to 

measure the latent traits of companies. Based on determined latent constraints, the Carbon 

Management score has been created for all latent variables. The calculated CM score is the 

empirical Bayes mean for latent traits of companies. Based on the correlation matrix, it was 

estimated that the developed CM score positively correlated with Environmental Pillar score 

and Emission category score.  

There are two research sub-questions that were expected to be addressed. Each question is 

followed by the explanation of the results.   

• SQ1: How IRT can be used to enhance the measurements of Carbon Management? 

By applying 2PL IRT model in this research, the relationship between the probability of 

selecting the right answer on an item and the latent ability of a company are explained in 

terms of the item’s difficulty as well as item’s discrimination parameters. By utilizing the 

item’s difficulty and item’s discrimination parameters, it is possible to identify companies’ 
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latent traits, or, in other words, the level of corporate Carbon Management development 

based on the given questions in a survey. Measured latent traits of each company are valuable 

since they contain the ‘hidden’ unobserved corporate characteristics. 

• SQ2: How the calculated Carbon Management score performed over the period of 

2009-2018 and across sectors? 

The general trend of CM score has been generally increasing from 2010 to 2018. However, 

it was found that its value slightly dropped from 2013 to 2014. In terms of the companies’ 

sectors, it was found that such sectors as “Consumer Staples”, “Materials” and “Utilities” 

are the best performing ones since their CM scores remained above 0 throughout the entire 

timespan. There was a significant improvement of CM score for companies from 

“Financials” sector since this sector had the lowest CM score in 2009 among all other sectors. 

Other sectors, such as “Health Care”, “Communication Services” and “Utilities” have a 

rather steady growing CM score. Additionally, “Energy” sector’s CM score in 2018 was 

significantly improved compared to 2009, however, it still needs some attention. 

“Industrials” sector’s CM score has also been improved compared to early years. 

Nevertheless, based on development of CM score for the latest year of 2018, there is still a 

large room for improvement for companies from “Information Technology”, 

“Communication”, “Energy, “Health care”, “Real Estate” and “Consumer Discretionary” 

sectors.   

By answering these two research sub-questions, the main research question related to the 

ways of measuring the corporate level of commitment towards climate change has been 

covered. The corporate level of CM was estimated based on the level of latent traits, the 

properties of selected items on the scale as well as companies’ responses to selected items 

on the scale. Chosen items for the analysis were estimated in terms of their item’s difficulty 

and item’s discrimination parameters that allowed to uncover the latent companies’ 

characteristics. 

5.2 Limitations and Suggestions for Further Research 

This research is not without limitations and such limitations should be noted. Firstly, the 

timespan for this study includes 10 years staring from 2009 to 2018. This range has been 

defined based on the CDP’s survey data available. Secondly, due to the inconsistent 
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participation of some companies in the CDP’s survey over the timespan, the number of firms 

analyzed has been limited. To be more specific, there are some companies that participated 

a few times in CDP’s surveys or participated irregularly over the defined timespan. 

Therefore, such observations have been excluded for the analysis. Thirdly, the number of 

CM-related variables could be extended. Finally, the analysis of questions is based on the 

2PL IRT model. 

The measurement of CM with IRT is rather a unique and novel approach. Therefore, this 

topic can be further discussed and analyzed. For instance, the number of years can be 

increased due to the availability of the newest CDP questionnaires. Additionally, further 

research can be conducted specifically for a certain country based on the information of 

companies located in that specific area. Moreover, other IRT model can be applied in a 

further research depending on the variables of a dataset. 
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APPENDICES 

Appendix 1. Factor loadings (pattern matrix) and unique variance 

Variable 

Factor

1 

Factor

2 

Factor

3 

Factor

4 

Factor

5 

Factor

6 

Factor

7 

Factor

8  

Factor

9 

Factor

10 

Factor

11 

Factor

12 

Factor

13 Uniqueness  

               

ITEM_01 0.35  0.33     -0.36      0.50 

ITEM_02                   0.29   0.42 -0.22 0.55 

ITEM_03  0.20    -0.26             -0.48    0.40 0.40 

ITEM_04 0.34      0.34            0.27 0.31 -0.27   0.44 

ITEM_05 0.49  0.24  0.30                   0.55 

ITEM_14 0.32  0.43                -0.23     0.56 

ITEM_15  0.23 0.37    -0.40                 0.54 

ITEM_16 0.54 -0.36  -0.28  0.27                  0.36 

ITEM_17 0.51 -0.33  -0.20 -0.33 0.39                  0.32 

ITEM_19 0.44 -0.38  -0.45  0.41                  0.24 

ITEM_20 0.22  0.35  -0.23   0.39   0.37   0.38 

ITEM_21   0.39 -0.40    0.40      0.46 

ITEM_22 0.32 -0.29 0.22   -0.31               -0.21  0.28 0.41 

ITEM_23 0.57                     0.31  0.45 

ITEM_24 0.50    0.49                   0.39 

ITEM_26       0.25 -0.31 0.33  0.29 -0.41  0.35 

ITEM_27 0.52  -0.29  0.40                   0.44 

ITEM_28 0.34  0.35 0.27  0.24              0.23    0.50 

ITEM_29  0.21 0.43    -0.24            0.36    0.23 0.39 

ITEM_32  0.27  0.43  0.33                  0.59 

ITEM_33 0.22   0.43 -0.31 0.24             0.31 -0.33    0.36 
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ITEM_35  -0.24    -0.24 0.46 0.41    0.32  0.32 

ITEM_36 0.55 0.62  -0.23 -0.20                   0.14 

ITEM_37 0.53 0.66  -0.24 -0.24                   0.11 

ITEM_38 0.47 0.54  -0.21                    0.34 

ITEM_39 0.40   0.25                  -0.21  0.61 

ITEM_41 0.23    0.32               0.36    0.60 

ITEM_42 0.49  -0.28 0.29 0.23   0.21  -0.25    0.40 

ITEM_43 0.47  0.31                    0.40 0.45 

ITEM_44 0.32                  0.31  0.29   0.63 

ITEM_46       0.26 0.22  0.33 -0.53   0.34 

ITEM_47 0.51 -0.36   -0.23 -0.22 -0.39             0.25    0.23 

ITEM_48 0.51 -0.31    -0.27 -0.44             0.31    0.22 

ITEM_50 0.34 0.23  0.38  0.24             -0.27  0.25   0.45 

ITEM_51                    0.34 0.29 0.45 0.40 0.36 

ITEM_52 0.31  0.28     -0.33    0.30 -0.42 0.40 
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Appendix 2. Kaiser-Meyer Olkin measure of sampling adequacy 

 

Variable kmo  

ITEM_01 0.81 

ITEM_02 0.67 

ITEM_03 0.53 

ITEM_04 0.83 

ITEM_05 0.89 

ITEM_14 0.81 

ITEM_15 0.63 

ITEM_16 0.85 

ITEM_17 0.78 

ITEM_19 0.73 

ITEM_20 0.71 

ITEM_21 0.62 

ITEM_22 0.76 

ITEM_23 0.87 

ITEM_24 0.85 

ITEM_26 0.58 

ITEM_27 0.85 

ITEM_28 0.81 

ITEM_29 0.60 

ITEM_32 0.68 

ITEM_33 0.63 

ITEM_35 0.64 

ITEM_36 0.68 

ITEM_37 0.67 

ITEM_38 0.89 

ITEM_39 0.84 

ITEM_41 0.79 

ITEM_42 0.82 

ITEM_43 0.84 

ITEM_44 0.85 

ITEM_46 0.69 

ITEM_47 0.72 

ITEM_48 0.73 

ITEM_50 0.79 

ITEM_51 0.58 

ITEM_52 0.82 

Overall 0.77 
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Appendix 3. Principal-Component Factors 

 

Factor Variance Difference Proportion Cumulative 

     

Factor1 2.59756 0.31542 0.0722 0.0722 

Factor2 2.28213 0.08778 0.0634 0.1355 

Factor3 2.19435 0.29318 0.061 0.1965 

Factor4 1.90117 0.03316 0.0528 0.2493 

Factor5 1.86801 0.32288 0.0519 0.3012 

Factor6 1.54514 0.08413 0.0429 0.3441 

Factor7 1.46101 0.07156 0.0406 0.3847 

Factor8 1.38945 0.08613 0.0386 0.4233 

Factor9 1.30332 0.02013 0.0362 0.4595 

Factor10 1.28319 0.10209 0.0356 0.4951 

Factor11 1.18109 0.06399 0.0328 0.528 

Factor12 1.11711 0.02346 0.031 0.559 

Factor13 1.09365 . 0.0304 0.5894 
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