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ABSTRACT 
 
Robust carbon footprint methodologies and tools are increasingly required across the sport sector, yet 
National Olympic Committees lack a standardised, sector-specific approach. A bespoke carbon footprint 
methodology and accompanying calculation tool were developed for this purpose; however, technical rigour 
alone does not ensure that intended users can apply them. This study evaluates the usability and practicality 
of the proposed methodology and tool through direct engagement with end-users. Fourteen staff members 
from different National Olympic Committees applied the methodology and tool within their organisations over 
a four-to-six-week period, then completed the System Usability Scale and a semi-structured interview. The 
tool achieved a mean System Usability Scale score of 68.4, corresponding to a grade C and a marginal-high 
acceptability rating. Usability was rated positively, whereas learnability scored below the neutral midpoint, 
and scores correlated strongly with participants' years of experience (r = .99). Interviews indicated that 
effectiveness was the strongest dimension and learnability the weakest, with data collection identified as the 
main source of effort. Participants judged the methodology rigorous and credible but recommended improved 
onboarding, validation, and guidance to support less experienced users and wider adoption. 
Keywords: sport management; carbon accounting; system usability scale; semi-structured interviews; sport 
sustainability; learnability; greenhouse gas reporting.  
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INTRODUCTION 
 
The development of robust Carbon Footprint (CF) methodologies and associated calculation tools has 
become an increasingly urgent priority across a wide range of sectors, including sport, as organisations face 
mounting pressure to measure, report, and reduce their greenhouse gas emissions (Adhikari et al., 2025; 
Onat et al., 2025). Within the sport sector specifically, reporting practices remain largely fragmented and 
voluntary, with National Olympic Committees (NOCs) lacking a standardised, sector-specific methodology 
capable of supporting consistent and credible CF assessments (Ciocoi-Pop et al., 2025; Marinelli et al., 
2021). In response to this gap, a bespoke CF methodology and accompanying calculation tool have been 
developed for NOCs, grounded in established accounting frameworks and adapted to reflect their operational 
characteristics. 
 
However, the development of a methodologically sound CF standard represents only one component of a 
successful implementation strategy. A methodology that cannot be applied consistently, correctly, and 
independently by its intended users risks undermining the very objectives it is designed to serve, irrespective 
of its technical rigour (Xia et al., 2025; Harangozo & Szigeti, 2017). The existing literature on carbon footprint 
methodologies and calculators has predominantly focused on methodological development, emissions 
estimation, and technical accuracy, with comparatively limited attention given to empirical usability testing 
involving independent end-users (Christy et al., 2023; Marlowe & Clarke, 2022; Bekaroo et al., 2019). Where 
evaluation has been undertaken, it has often relied on developer-led case studies or hypothetical applications 
that may not fully capture the operational challenges, learning requirements, and contextual constraints 
encountered by intended users in practice (Harangozo & Szigeti, 2017; Xia et al., 2025). Furthermore, many 
studies fail to distinguish between methodological robustness and tool usability, despite the fact that a 
technically sound methodology does not necessarily guarantee ease of use, accessibility, or practical 
implementation (Xia et al., 2025). As a result, there remains limited understanding of how CF methodologies 
and tools perform when applied by users with varying levels of expertise, organisational resources, and prior 
experience with carbon accounting. 
 
This study addresses this gap by evaluating the usability and practicality of the proposed CF methodology 
and tool for NOCs through direct engagement with intended end-users. In doing so, the study moves beyond 
conceptual methodological development to examine how the proposed approach performs under real-world 
application conditions. The proposed CF methodology and tool are evaluated against the four core usability 
dimensions. These dimensions provide a structured framework for understanding not only whether 
participants were able to complete the carbon footprint assessment successfully, but also the extent to which 
the process was manageable, understandable, and appropriate for users with different levels of expertise. In 
addition, the study explores areas requiring refinement and improvement in order to strengthen the 
functionality, accessibility, and long-term adoptability of the proposed methodology and tool across NOCs. 
 
To achieve this, participants from different NOCs were asked to apply the proposed CF methodology and 
tool within their organisations over a testing period before completing the SUS questionnaire and participating 
in semi-structured interviews. This dual-method design enables a more comprehensive and balanced 
evaluation than either approach could offer in isolation (Zapata et al., 2015) and is directly responsive to calls 
in the literature for greater end-user involvement in CF tool evaluation (Harangozo & Szigeti, 2017; Xia et al., 
2025). The study therefore provides one of the few empirical evaluations within the carbon accounting 
literature that combines standardised usability assessment with qualitative inquiry involving independent end-
users operating within authentic organisational environments. 



Aqqad, Y.U. / Usability of a carbon footprint tool for National Olympic Committees              Sustainability and Sports Science Journal 

                     VOLUME 4 | ISSUE 4 | 2026 |   291 

 

The study begins by reviewing the importance of methodology and tool testing within carbon accounting 
research, followed by an overview of usability theory, usability assessment approaches, and the rationale for 
selecting the SUS and semi-structured interviews as the primary evaluation methods. The methodology 
adopted for participant recruitment, data collection, and data analysis is then presented. This is followed by 
the results and discussion sections, which examine the quantitative SUS findings alongside the qualitative 
interview themes relating to effectiveness, efficiency, satisfaction, learnability, and proposed refinements. 
Finally, the study concludes by reflecting on the implications of the findings for the further development, 
implementation, and potential standardisation of the proposed CF methodology and tool for NOCs. 
 
Literature review 
The importance of testing 
The development of CF methodologies and associated calculation tools has expanded rapidly across sectors, 
driven by growing demands for emissions disclosure and accountability (Adhikari et al., 2025; Onat et al., 
2025). However, the credibility and usefulness of such methodologies do not rest solely on their technical 
alignment with accounting standards or their theoretical completeness (Asam et al., 2025; Augoye et al., 
2024). Increasingly, the effectiveness of CF approaches depends on whether they can be applied 
consistently and correctly by intended users within real organisational contexts (Bowen & Wittneben, 2011). 
 
Methodology and tool testing play a critical role in identifying gaps between conceptual design and practical 
application. Without empirical testing, carbon accounting tools risk being overly complex, misaligned with 
user capabilities, or incompatible with existing organisational processes (Melville & Whisnant, 2014). This is 
particularly relevant for organisations with limited sustainability expertise or decentralised data structures, 
where methodological burden can directly undermine data quality, consistency, and long-term uptake (Okon 
& Marauche, 2025). 
 
Existing carbon accounting literature has largely prioritised methodological development and emissions 
estimation accuracy, while paying comparatively little attention to systematic usability and applicability testing 
(Christy et al., 2023; Marlowe & Clarke, 2022; Bekaroo et al., 2019). Where evaluation does occur, it is often 
informal or retrospective, rather than treated as a distinct analytical exercise (Mulrow et al., 2018). As a result, 
limited insight is available regarding how users interact with CF tools, interpret methodological guidance, or 
navigate data requirements in practice (Mulrow et al., 2018). 
 
Empirical testing of methodologies and tools provides an evidence base for refining methodological 
assumptions, simplifying calculation procedures, and improving guidance clarity (Breton & Aggeri, 2018; 
Mulrow et al., 2018). Usability testing, in particular, enables the identification of cognitive and operational 
barriers that may not be apparent during methodological design (Kong et al., 2021). Similarly, qualitative 
engagement with users allows organisational constraints such as data availability, internal coordination, and 
reporting responsibilities to be explicitly considered within methodological refinement processes (Ball et al., 
2023; Chatty et al., 2021). 
 
For standardisation efforts, methodology and tool testing is especially important. A proposed standard that is 
not empirically appraised risks inconsistent application across organisations and limiting its potential for 
sector-wide adoption (Strohmeier et al., 2025). Systematic testing therefore supports not only methodological 
robustness but also the legitimacy and scalability of carbon footprint standards (Marinelli et al., 2021), 
particularly in sectors such as sport where reporting practices remain fragmented and largely voluntary 
(Ciocoi-Pop et al., 2025). 
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Testing methods 
CF methodologies and tools have been tested and evaluated through many different approaches. However, 
the majority of studies that have developed CF methodologies do not offer a supporting tool to apply the 
methodology, and in the rare cases where a tool is developed, the study does not differentiate between 
testing the methodology and assessing the usability of the tool itself (for example, see Mateo Pla et al., 2021; 
Loyarte-López et al., 2020). This distinction is critical, as methodological soundness does not guarantee 
practical usability, while tool usability does not guarantee methodological rigour (Xia et al., 2025). 
 
Studies developing CF methodologies can be broadly grouped into two categories. The first comprises 
studies that propose a methodology conceptually, without subjecting it to empirical testing or practical 
application (see Abdul Aleem et al., 2021; Szatyłowicz et al., 2021) or only offering detailed numerical 
examples based on hypothetical values (e.g., Gandola and Asdrubali, 2024). The second group includes 
studies that implement and test their proposed methodologies, often through pilot projects or case studies 
(e.g., Griffiths et al., 2024; Issa Zadeh et al., 2023). Testing methodologies through case studies offers a 
robust means of validating their practical applicability, technical feasibility, and calculation accuracy. 
However, such testing is often undertaken by the methodology developers themselves, which may introduce 
bias or fail to capture the operational challenges and contextual constraints that independent end-users 
encounter in practice (Harangozo & Szigeti, 2017; Spandonidis, 2025). To mitigate this limitation, 
methodology evaluation should actively involve intended end-users through both qualitative and quantitative 
approaches, enabling systematic feedback on usability, clarity, and overall effectiveness. 
 
The situation for CF tools is often the reverse, with developers placing greater emphasis on user interface 
and user experience than on the robustness and transparency of the underlying methodology. As a result, 
the current state of CF calculators is characterised by uncertain accountability and considerable 
methodological inconsistency (Harangozo et al., 2017; Malakahmad et al., 2015). Research shows that many 
calculators lack consistency and transparency (Birnik, 2013), leading to substantial variation in results even 
when identical inputs are used (Xia et al., 2025). 
 
CF calculators are defined as software tools that employ quantitative models to estimate carbon emissions 
(Xia et al., 2025). These tools exhibit varying degrees of complexity and user interaction modalities, ranging 
from simple spreadsheet inputs to multi-step web-based interfaces (Barendregt et al., 2020). Studies have 
adopted a range of approaches to evaluate their functionality, including real-world case studies (e.g., Beery 
et al., 2011), hypothetical scenarios (e.g., Xia et al., 2025), usability and user experience testing (e.g., 
Bekaroo et al., 2019), expert validation (e.g., Spandonidis, 2025), and comparative analyses against 
established calculators (e.g., Tuomisto et al., 2015). In several studies, these testing approaches were 
complemented by additional qualitative methods, such as workshops, facility visits, and interviews to assess 
the CF calculators (e.g., Alromaizan et al., 2023; Azarkamand et al., 2021; Büchs et al., 2018). Employing 
multiple evaluation methods is recommended when assessing the usability of software tools, such as CF 
calculators, as the strengths of one approach can compensate for the limitations of another, providing a more 
comprehensive and balanced evaluation (Zapata et al., 2015). 
 
Usability 
In its simplest sense, usability refers to the capability of being used, or more plainly, the ease with which a 
system can be used (Bevan et al., 2015). However, there is no single universally accepted definition in the 
literature, as usability is a multifaceted concept encompassing numerous dimensions, making it difficult to 
capture comprehensively within one definition (Lewis, 2014). Usability is regarded as a general quality of 
appropriateness; however, it cannot be evaluated in isolation and must be assessed within a defined context 
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that specifies the intended users of the system, the tasks they will perform, and the characteristics of the 
environment in which it will be used (Brooke, 1996). The International Organization for Standardization (ISO) 
defines usability as “the extent to which a system, product or service can be used by specified users to 
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use ” (ISO, 
2018). 
 
Based on the ISO definition, usability is measured through three components. Effectiveness refers to the 
extent to which users can successfully complete tasks accurately, completely, and appropriately, reflecting 
the quality and correctness of the system’s outputs (Bevan et al., 2015; Kortum & Peres, 2014). Efficiency 
relates to the number of resources required to complete a task, including time, human effort, costs, and 
materials (ISO, 2018). Together, effectiveness and efficiency assess the overall performance of the system 
(Bevan et al., 2015). Satisfaction concerns users’ subjective experience, reflecting their comfort and 
acceptability when interacting with the system (Corsini et al., 2012). For a system to be considered highly 
usable, it must perform well across all three dimensions. For example, a user may successfully complete a 
task (effectiveness), but if doing so requires excessive time, cost, or effort, or results in dissatisfaction with 
the process, the system would still be regarded as having low usability, as it fails to meet the efficiency and 
satisfaction measures (Kortum & Peres, 2014). 
 
Effectiveness, efficiency, and satisfaction are not the only measures used to evaluate usability, as additional 
criteria have also been applied in the literature (Goundar et al., 2024; Bevan et al., 2015). For example, 
ISO/IEC 25010 (2024) decomposes usability into several measurable attributes, including appropriateness 
recognisability, learnability, operability, user error protection, user interface aesthetics, and accessibility. 
Similarly, Nielsen (1994) conceptualises usability through five key attributes: learnability, efficiency, 
memorability, error reduction, and satisfaction. However, this broader conceptualisation of usability is 
typically associated with the testing of software products and tools rather than systems as a whole (Sagar & 
Saha, 2017; Almazroi, 2021). Nevertheless, it is common practice to extend the core measures of 
effectiveness, efficiency, and satisfaction by including learnability, which refers to the time required or ease 
with which typical users can learn a system and achieve a certain level of competency, as a fourth usability 
dimension (Lee & Sah, 2020; Abran et al., 2003). 
 
Efficiency and effectiveness are regarded as the objective components of usability and are typically 
measured through task completion times and task success rates, respectively (Kortum & Peres, 2014; Lewis, 
2018). In contrast, satisfaction and learnability are considered subjective components, as they depend on 
users’ perceptions and experiences and are therefore more complex to measure (Aldoihi, 2020; Golondrino 
et al., 2023). These dimensions are highly sensitive to the context of use, including frequency of use, user 
expertise, task type, and the operating environment (Lewis et al., 2015; Bevan et al., 2015). 
 
Usability can be assessed through various methods, such as qualitative surveys, interviews, and 
observational techniques, with questionnaires being the most established and frequently used method 
(Blattgerste et al., 2022). Usability questionnaires are of three types: standardised usability questionnaires, 
heuristic evaluations, and custom questionnaires (Sagar & Saha, 2017). However, standardised 
questionnaires are more reliable and robust than the other two approaches (Lewis, 2014; Wang et al., 2023). 
A standardised questionnaire refers to an assessment instrument developed for repeated use, featuring a 
predetermined set of questions arranged in a fixed order and format, accompanied by explicit guidelines for 
deriving quantitative metrics from respondents' answers (Lewis et al., 2015). Developers of such instruments 
routinely evaluate their psychometric properties through assessments of validity (the extent to which a 
questionnaire measures what it claims to measure), reliability (its consistency of measurement), and 
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sensitivity (the extent to which independent variables affect measurement) (Greene et al., 2016). In addition, 
standardised usability questionnaires are designed to avoid different types of bias (Lewis, 2014). However, 
standardised usability questionnaires have been criticised for their limited adaptability, as deviations from 
their original design, such as changes in wording, scale length, or intended context of use, can compromise 
their validity and reliability, potentially leading to invalid results (Graziotin et al., 2017; Felipe et al., 2023). 
Nevertheless, research has shown that robust standardised usability questionnaires are able to tolerate some 
deviation from their set guidelines (Lewis, 2014). 
 
Hodrien and Fernando (2021) identified 14 standardised usability questionnaires that vary in their features, 
including the number of statements, scale, level of detail, and length. For example, the Computer System 
Usability Questionnaire (Lewis, 1995) is a lengthy, detailed questionnaire that consists of 16 statements 
evaluated on a 7-point Likert scale and is suitable for providing diagnostic insights into where exactly a system 
is failing. The System Usability Scale (SUS) (Brooke, 1996) is a moderately detailed questionnaire that 
contains 10 statements scored on a 5-point Likert scale and provides a reliable overview of a system’s 
usability. The Usability Metric for User Experience (UMUX) (Finstad, 2010) and UMUX-Lite (Lewis, 2013) are 
short questionnaires of 4 and 2 statements, respectively, assessed on a 7-point Likert scale and ideal for 
agile environments, lightweight tracking, and quick pulse checks. 
 
Despite the availability of numerous standardised usability questionnaires, the System Usability Scale (SUS) 
is one of the most widely adopted instruments due to its ability to assess a broad range of products, services, 
and systems (Gao et al., 2020). By 2009, the SUS was reported to have been used in 43% of unpublished 
industrial usability studies (Sauro & Lewis, 2009), while by 2017, the paper that introduced the SUS 
questionnaire had been cited 5,015 times, three times more than its closest rival (Lewis, 2018). Its popularity 
stems from its brevity, ease of completion, and balanced mix of positively and negatively worded items, which 
helps reduce response bias and improve objectivity (Rotaru et al., 2024), making it an effective measure for 
practitioners and researchers (Gao et al., 2020). In addition, the reliability and adaptability of the SUS have 
been tested, with results demonstrating excellent reliability, with coefficient alpha typically exceeding .90 
(Lewis, 2018). It has also been shown to be insensitive to minor wording changes (Bangor et al., 2008), to 
the use of all-positive or mixed-tone statements (Sauro & Lewis, 2011), and to the omission of a single 
statement that does not fit the measurement context (Lewis & Sauro, 2017). This indicates that the SUS is a 
highly robust and versatile tool for usability assessment that can be applied with confidence to both large and 
small sample sizes (Lewis et al., 2015; Lewis, 2018). 
 
Research has shown that there is a strong correlation between the SUS questionnaire and effectiveness at 
the system level, measured through task success rates (Kortum & Peres, 2014). However, using a usability 
questionnaire does not negate the need for comprehensive usability testing to ensure robust validation 
(Johnson et al., 2022), as the SUS questionnaire only provides quantitative data on the usability of a system 
and does not provide insights into which aspects of the system need improvement or how best to improve 
them (Klug, 2017). Therefore, it is important to combine a usability questionnaire such as the SUS, and the 
three ISO metrics of usability, with additional qualitative methods, such as interviews, or to incorporate open-
ended questions to gain a better understanding of the performance and overall usability of the tested system 
(Fathiyyah et al., 2022; Johnson et al., 2022). 
 
Research questions 
The aim of this study is to evaluate the proposed CF methodology and tool for NOCs by assessing their 
usability and practicality. This will be achieved by answering the following research questions (RQs): 
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- RQ1: To what extent does the proposed CF standard methodology and tool meet accepted usability 
standards as measured by the System Usability Scale? 

- RQ2: How does the proposed CF methodology and tool perform against the four usability measures 
of effectiveness, efficiency, satisfaction and learnability? 

- RQ3: What refinements and improvements are required to enhance the usability, functionality, and 
practical adoption of the proposed methodology and tool? 

 
METHODOLOGY 
 
Most existing studies evaluating CF methodologies and tools have predominantly relied on either conceptual 
proposal without empirical testing, or case studies conducted by the methodology developers themselves. 
Case studies have been widely employed as a validation approach, offering insights into technical feasibility 
and calculation accuracy (Griffiths et al., 2024; Issa Zadeh et al., 2023). However, when testing is undertaken 
solely by developers, it may introduce bias and fail to capture the operational constraints and contextual 
challenges encountered by independent end-users in practice (Harangozo & Szigeti, 2017; Spandonidis, 
2025). Furthermore, studies that do develop supporting tools rarely differentiate between testing the 
methodological soundness of the underlying approach and evaluating the usability of the tool itself (see Mateo 
Pla et al., 2021; Loyarte-López et al., 2020). This distinction is critical, as methodological rigour does not 
guarantee practical usability, nor does tool usability ensure methodological robustness (Xia et al., 2025). 
 
The over-reliance on developer-led case studies and the conflation of methodology and tool testing have 
constrained a comprehensive understanding of how CF methodologies perform when applied by real users 
in authentic contexts. Harangozo & Szigeti (2017) and Xia et al. (2025) have therefore advocated diversifying 
evaluation approaches beyond developer-conducted testing, recommending the active involvement of 
intended end-users through both qualitative and quantitative methods. Such engagement enables systematic 
feedback on usability, clarity, and overall effectiveness. To address these gaps in the literature, this study 
employs a standardised usability questionnaire (the SUS), complemented by a qualitative method (semi-
structured interviews), to ensure that the proposed CF methodology and tool are both technically robust and 
practically usable for their intended users. 
 
The system usability scale 
The SUS is a simple, ten-item standardised questionnaire widely employed to obtain a global, subjective 
assessment of perceived usability (Brooke, 1996). It is typically administered after respondents have 
interacted with the system under evaluation, but before any debriefing or discussion, with respondents 
instructed to record their immediate responses to each item without prolonged deliberation (Brooke, 1996). 
It is a 5-point Likert-scale instrument in which the statements have been carefully selected to ensure that 
respondents read each item and actively consider their level of agreement (Brooke, 1996). The SUS 
questionnaire employs alternating positively and negatively worded statements as a strategy to mitigate 
response biases, such as extreme response bias and acquiescence bias, the tendency for respondents to 
agree with statements regardless of content (Lewis, 2014). By alternating tone, the SUS requires respondents 
to make a deliberate cognitive effort for each item and may also help researchers identify inattentive 
respondents (Kortum et al., 2021). However, evidence suggests that including mixed-tone items can 
introduce greater problems than those it seeks to resolve (Chyung et al., 2018). This approach has been 
associated with reduced internal reliability, distorted factor structures, and increased complexity in cross-
cultural interpretation (Lewis, 2018). Furthermore, respondents may find it difficult to adjust their response 
patterns when alternating between positively and negatively worded statements, increasing the likelihood of 
inadvertent errors, while researchers may overlook the necessary step of reverse-scoring negatively phrased 



Aqqad, Y.U. / Usability of a carbon footprint tool for National Olympic Committees              Sustainability and Sports Science Journal 

296 | 2026 | ISSUE 4 | VOLUME 4                                                                          © 2026 ARD Asociación Española. 

 

items, resulting in response miscoding. Both of these mistakes can lead to more detrimental results than the 
response biases such wording is intended to mitigate (Sauro & Lewis, 2011; Lewis, 2018). 
 
The SUS has demonstrated flexibility to minor wording changes and statement tone changes. The original 
SUS statements have the word “system” and “cumbersome” in statement 8. Research has shown that 
replacing the words “system” with the product, service or the name of the product or service and replacing 
the word “cumbersome” with “awkward” to clarify the meaning for non-English speakers, had identical results 
to the original SUS version (Lewis & Sauro, 2009). Similarly, in the original SUS version, the five odd 
statements are worded with a positive tone and the five even statements are worded with a negative tone. 
Studies examining the effects of substituting the negatively phrased items on the SUS with positively phrased 
ones found that the different versions did not lead to variations in response bias or the strength of responses. 
However, it did reveal that the original version resulted in more errors from both participants and researchers, 
seemingly because of the shift in tone between items (Sauro & Lewis, 2011; Kortum et al., 2021). 
Furthermore, since the all-positive SUS relies on the same core psychometric properties as the original tool, 
the final numerical score behaves identically. Sauro and Lewis (2011) demonstrated that all-positive SUS 
scores yield mean values and distributional properties identical to those obtained with the original SUS, 
confirming the psychometric equivalence of the two forms. Therefore, once the final P-SUS score (0 to 100) 
is calculated, the canonical industry benchmarks can be directly applied. 
 
Given the international nature of NOCs and the fact that many respondents are not native English speakers, 
as well as the need to avoid potential errors by both participants and researchers when using mixed-tone 
statements, an all-positive version with simple English was used to evaluate the usability of the CF 
methodology and tool (Table 1). 
 
Table 1. The SUS statements adapted from Sauro and Lewis (2011). 

The SUS statements 

I think that I would like to use the CF methodology and tool frequently. 
I found the CF methodology and tool to be simple. 
I thought the CF methodology and tool were easy to use. 
I think that I could use the CF methodology and tool without the support of a technical person. 
I found the various functions in the CF methodology and tool were well integrated. 
I thought there was a lot of consistency in the CF methodology and tool. 
I would imagine that most people would learn to use the CF methodology and tool very quickly. 
I found the CF methodology and tool very intuitive. 
I felt very confident using the CF methodology and tool. 
I could use the CF methodology and tool without having to learn anything new. 

 
Each statement is designed to measure a perceived attribute of the system: statement 2 assesses perceived 
complexity, statement 3 perceived ease of use, statement 6 perceived consistency, statements 7 and 10 
perceived learnability, and statement 9 confidence in use (Lewis & Sauro, 2018). However, the creator of the 
SUS has emphasised that it is a unidimensional measure of usability, as scores for individual statements are 
not meaningful in isolation (Brooke, 1996). Nevertheless, research has shown that the SUS can be divided 
into two subscales: usability and learnability, with statements 4 and 10 aligning with learnability, while the 
remaining eight statements relate to usability (Sharfina & Santoso, 2017). Moreover, the SUS has been used 
to evaluate five subfactors: effectiveness (statements 5 & 6), efficiency (statements 7 & 10), engagement 
(statements 1 & 8), error tolerance (statement 4), ease of use (statements 2 & 3), and self-efficacy (statement 
9) (Wagner, 2023). Despite the ability of the SUS to be subdivided into different scales, the usability and 
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learnability subscales remain the most commonly applied by researchers and practitioners (Sagar & Saha, 
2017; Maqbool & Herold, 2024). 
 
The SUS has demonstrated its ability to produce reliable results with small sample sizes (Brooke, 2013). 
Nielsen (2012) argues that administering the SUS with as few as five participants is sufficient to identify as 
many usability issues as would be detected with a larger sample. Other studies have shown that the SUS 
yields reliable results with sample sizes ranging from 6 to 14 participants (Binyamin et al., 2016; Lewis, 2018), 
with no significant differences observed between the lower and upper ends of this range (Orfanou et al., 
2015). 
 
SUS scores range from 0 to 100, with each statement rated on a scale from 1 (strongly disagree) to 5 (strongly 
agree). The total score is calculated by subtracting 1 from the score of odd-numbered (positively worded) 
statements, subtracting the score of even-numbered (negatively worded) statements from 5, summing the 
adjusted values, and multiplying the total by 2.5 (Brooke, 1996). However, when all statements are positively 
worded and scored on the same 1–5 scale, it is only necessary to subtract 1 from each statement score, sum 
the values, and multiply by 2.5 (Sauro & Lewis, 2011). Higher SUS scores indicate better usability (Liang et 
al., 2018). However, the original version of the SUS does not provide guidelines for interpreting the scores. 
Bangor et al. (2008) developed an absolute grading scale with A: 90–100, B: 80–89, C: 70–79, D: 60–69, 
and F: <60 to help interpret SUS scores, while Sauro and Lewis (2016), using the same dataset, carried this 
work forward by developing a curved rather than an absolute grading scale. This curved grading scale 
produced an average SUS score of 68, which was intentionally positioned as the midpoint of the scale (grade 
C), and which would have corresponded to grade D under the absolute grading system (Mol et al., 2020). 
The scale includes 11 distinct grade bands (Table 2), offering greater granularity than the absolute grading 
scale, and has become widely adopted in industry practice for assigning letter grades to average SUS scores 
(Lewis, 2018). 
 
Table 2. The curved grading scale for assigning the SUS scores (Sauro & Lewis, 2016). 

SUS 
Score 
range 

100-
84.1 

84.0-
80.8 

80.7-
78.9 

78.8-
77.2 

77.1-
74.1 

74.0-
72.6 

72.5-
71.1 

71-
65.0 

64.9-
62.7 

62.6-
51.7 

51.6-
0.0 

Grade A+ A A− B+ B B− C+ C C− D F 

 
Based on SUS scores, system usability can be assigned grades ranging from F to A, with the following 
interpretations: F (inadequate), D (below average), C (OK), B (good), and A (excellent). 
 
Semi-structured interviews 
Within qualitative research, interviews are the most commonly used data collection method (Thelwall & Nevill, 
2021), with semi-structured interviews (SSIs) being recognised as the most effective interview technique for 
generating in-depth, contextually grounded data (Eppich et al., 2019; Bearman, 2019). Longhurst & Johnston 
(2023), define SSIs as a verbal interchange (conversation) between two people, the interviewer and the 
interviewee, where the former seeks to elicit information from the latter through predetermined, yet flexible, 
questions. 
 
SSIs can be positioned along a continuum between structured interviews, which are fully controlled with a 
rigid set of questions asked in a fixed order and limited interviewer flexibility, and unstructured interviews, 
which lack predetermined questions and are guided more freely by the interviewer (Clifford et al., 2016). SSIs 
offer the advantages of both interview types: the flexibility of unstructured interviews, where interviewers can 
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adjust questions, rephrase, introduce new topics, or pursue unexpected but valuable lines of inquiry based 
on the interviewee's responses, while at the same time following an interview protocol or guide to ensure that 
the conversation remains on track and covers all relevant topics (Mashuri et al., 2022; Naz et al., 2022). 
 
Kallio et al. (2016) argue that the development of an SSI guide involves five stages: (1) identifying the 
prerequisites for using SSIs; (2) retrieving and utilising previous knowledge; (3) formulating the preliminary 
SSI guide; (4) pilot testing the interview guide; and (5) presenting the complete SSI guide. Similarly, Castillo-
Montoya (2016) proposes a four-stage Interview Protocol Refinement Framework to systematically develop 
and refine interview protocols, which includes: (1) ensuring interview questions align with research questions; 
(2) constructing an inquiry-based conversation; (3) receiving feedback on the interview protocol; and (4) 
piloting the interview protocol. While both frameworks overlap in several stages, they also differ in others, 
offering complementary strengths that can enhance the overall development process. 
 
The purpose of the first stage of identifying the prerequisites is to assess the suitability of SSIs as a rigorous 
data collection method for addressing the research questions (Kallio et al., 2016). SSIs are particularly well 
suited to exploring participants’ independent thoughts, perceptions, and opinions through open-ended 
questions and probing techniques (Cridland et al., 2015; Newcomer et al., 2015). They are also appropriate 
in contexts where participants are direct beneficiaries of the service (Newcomer et al., 2015), and for research 
questions focused on how a service or tool is currently performing or how it can be improved (Adeoye‐
Olatunde & Olenik, 2021). 
 
The aim of the second stage of retrieving and using previous knowledge is to develop a thorough 
understanding of the subject through the critical appraisal of existing knowledge. This is achieved through 
conducting a literature review, which forms the basis for the interview framework (Kallio et al., 2016). This 
allows the identification of relevant and broad areas to be explored during the interview, which are then 
refined into smaller, more manageable categories by grouping similar themes before proceeding to the 
formatting and refinement of the questions (Naz et al., 2022). 
 
Formulating the preliminary SSI guide is the third stage. An interview guide is defined as a set of questions 
used to steer the conversation towards the research topic during the interview (Smulowitz, 2017). However, 
the structure of an SSI guide is designed to be free and flexible in order to facilitate dialogue, change the 
order of the questions, and move easily between questions (Mashuri et al., 2022). The quality of the interview 
guide affects both how the interview is conducted and how the collected data are analysed (Cridland et al., 
2015). Therefore, the questions it contains should be participant-focused, non-leading, clearly phrased, 
single-barrelled, and open-ended (Manouchehri et al., 2022). This encourages participants to give answers 
that are spontaneous, detailed, distinctive, and vivid, helping to generate the richest possible dataset (Kallio 
et al., 2016). Nevertheless, ensuring that the interview questions align with the research questions is a key 
consideration, which can be verified by developing a matrix that maps interview questions to the 
corresponding research questions (Castillo-Montoya, 2016). 
 
A well-designed SSI guide should be prepared in advance and organise questions around the main themes 
the interviewer aims to cover, with an appropriate balance of follow-up questions and probes (Mashuri et al., 
2022). In addition, interview questions should be phrased differently from the research questions and 
structured in line with the social norms of everyday conversation (Castillo-Montoya, 2016). All participants 
should be asked about these core themes in a logical and progressive order, with follow-up questions used 
to clarify key points, maintain the flow of conversation, keep the discussion focused, and elicit accurate and 
comprehensive responses (Kallio et al., 2016). Verbal probing techniques such as echoing (repeating the 
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participant’s point), verbal agreement (e.g. ‘yes’, ‘okay’, or ‘uh-huh’), and baiting (suggesting prior awareness 
of certain information), alongside non-verbal silence, can be used to encourage participants to elaborate 
further and provide deeper insights (Whiting, 2008). 
 
The fourth stage involves pilot testing the SSI guide. This is undertaken to assess the coverage and relevance 
of the interview questions and to allow for any necessary revisions, adjustments, or rewording prior to 
implementation, thereby ensuring the quality of the collected data (Kallio et al., 2016). By simulating an actual 
interview, this stage provides an opportunity to test the interview guide in terms of question order, interview 
duration, and whether participants are able to respond effectively, as well as to refine elements such as 
rapport building, the interview process, consent procedures, setting, recording, and timekeeping (Castillo-
Montoya, 2016). Pilot testing can be performed in three different ways: internal testing, expert assessment, 
and field testing (Naz et al., 2022). After completing the previous stages, the final stage is presenting the 
completed SSI guide. 
 
Although the limitations of SSIs include being time- and resource-intensive, the potential for interviewer bias, 
and the requirement for specific interviewer skills (Newcomer et al., 2015), these challenges can be mitigated 
through several approaches. Software that enables recording with automatic captions can reduce the time 
and resources required for transcribing interviews (Siedlecki, 2022), while interviewer bias can be minimised 
through reflexive practices, such as taking notes after each interview to reflect on how the interviewer’s 
experiences, values, and position may have influenced the process (Cairns-Lee et al., 2022). In addition, 
interviewing skills such as active listening and rapport building can be developed through the use of an 
interview guide, as well as mock interviews and role play (Shea & Barney, 2015; Goodell et al., 2016). 
 
Data collection 
Recruitment 
As the methodology and tool are aimed at NOCs, the main inclusion criterion was being a staff member of 
an IOC-recognised NOC, regardless of whether the organisation had previously engaged with CF 
assessment. All participants recruited for the study were active staff members from different NOCs, with 
some or no experience of CF assessment, and held sustainability or senior management roles within their 
organisations. The final number of participants was 14, which is more than adequate to yield reliable results 
for the SUS, as the recommended sample size ranges from 6 to 14 participants (Binyamin et al., 2016; Lewis, 
2018), while for SSIs the recommended sample size to reach saturation, where no further new information is 
obtained, is between 10 and 15 (Mustaffa et al., 2022). 
 
An initial email was sent to participants containing the purpose of the study and what was expected of them. 
After participants agreed to take part in the study, a second email was sent containing a breakdown of the 
study phases. In phase one, participants tested the CF methodology and tool in their organisations by 
completing a full or partial CF assessment over a period of 4–6 weeks. Phase two involved completing the 
SUS questionnaire and taking part in a 30–60 minute interview. The email also contained the following 
attachments and documents: the methodology manual, the Excel tool, the participant information sheet (PIS), 
and the consent form. 
 
The PIS informed participants about the purpose of the study, the voluntary and anonymous nature of 
participation, the right to withdraw, and data protection. The consent form reiterated the voluntary nature of 
participation, withdrawal rights, and anonymity, and sought permission to record the interviews. Written 
consent was obtained through an online consent form, and verbal consent was sought before recording the 
interviews and reconfirmed after recording had begun. 
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The System Usability Scale 
After participants completed the testing phase, they were asked to complete the SUS questionnaire before 
the interview took place, with respondents instructed to record their immediate responses to each item without 
prolonged deliberation (Brooke, 1996). Because participants were located in different time zones, and to 
facilitate dissemination, the questionnaire was hosted on an online platform. The first page of the 
questionnaire included the consent form, stating the anonymity of the study and the participants’ right to 
withdraw before the data were anonymised, as well as instructions on how to complete the questionnaire. 
Participants could not move to the next page without signing the consent form and acknowledging their 
understanding of the instructions. The following page contained the 10 SUS statements on a 5-point Likert 
scale. The final page asked participants for the name of their organisation (for administrative use only), their 
job role, years of experience, and any previous experience with CF assessment. 
 
Semi-structured interviews 
The SSIs were conducted online, as face-to-face interviews were not possible due to participants residing in 
different geographical locations. The interviews were carried out using the Microsoft Teams communication 
platform, selected for its features, including video or audio recording, no time limits, live transcription, and 
data encryption (Azhari et al., 2022). The platform’s recording and live transcription features were used to 
enable the interviewer to remain fully engaged during the interview and to support a natural flow of 
conversation, while also reducing the time and resources associated with the transcription process (Adeoye‐
Olatunde & Olenik, 2021). Immediately after each interview, the recording was reviewed and the transcription 
was checked for accuracy and consistency against the recording (Lu et al., 2024). During this process, all 
transcripts were anonymised by removing any identifying information related to participants (Adeoye‐
Olatunde & Olenik, 2021). In total, 14 interviews were conducted, ranging from 40 to 75 minutes, with an 
average duration of 55 minutes, in accordance with the interview guide. 
 
The interview guide was developed based on the frameworks proposed by Kallio et al. (2016) and Castillo-
Montoya (2016). As the aim of this study is to assess and improve the usability and practicality of the 
proposed CF methodology and tool from the perspectives of participants, who are the direct beneficiaries of 
the proposed CF methodology and tool, this aligns with the prerequisites for using SSIs as a data collection 
method (stage 1) to answer the research questions. A thorough understanding of the subject was developed 
through the literature review and insights gained from previous studies (stage 2). This helped in formulating 
the preliminary SSI guide (stage 3). In this stage, two important considerations were observed: ensuring that 
the interview questions aligned with the research questions (see Appendix A) and constructing an inquiry-
based conversation that reflected the social norms of everyday conversation. After the preliminary SSI guide 
was developed, it was shared with the supervisory team for feedback on structure, length, writing style, and 
comprehension (Castillo-Montoya, 2016). After the review was completed and feedback was implemented, 
the SSI guide was pilot tested (stage 4) with three sport sustainability practitioners with characteristics similar 
to those of the participants in the actual study (Maxwell, 2013). Following the pilot interviews, no major 
changes were made. With the conclusion of this stage, the complete SSI guide was developed (stage 5) (see 
Appendix B). 
 
Data analysis 
The SUS questionnaire data were calculated based on positively worded statements by subtracting 1 from 
each statement score, summing the values, and multiplying by 2.5 (Sauro & Lewis, 2011), and the scores 
were interpreted using the Curved Grading Scale of Sauro and Lewis (2016). In addition, statistical analysis 
was conducted using a one-sample t-test to assess whether the mean SUS scores differed significantly from 
the midpoint value of three (on the 5-point Likert scale) for each individual SUS item, as well as for the 
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usability and learnability constructs. As this involved ten separate item-level comparisons in addition to the 
two subscale-level comparisons, a Holm-Bonferroni step-down correction was applied to the item-level tests 
to control for the increased risk of Type I error associated with repeated significance testing, with corrected 
and uncorrected p-values reported alongside one another for transparency (Holm, 1979). The internal 
consistency and reliability of both constructs were evaluated using Cronbach’s alpha (Hamm et al., 2017).  
 
The SSI data were analysed deductively, focusing on specific topics of interest guided by the research 
questions, using the framework for thematic analysis proposed by Braun and Clarke (2006). The process 
began with familiarisation with the data to develop an overall understanding. This was fol lowed by coding 
according to the previously defined main themes, which was used to identify relevant extracts from the 
transcripts. Similar extracts were grouped to form sub-themes under the main themes. These themes were 
then reviewed to ensure that they accurately reflected both the coded extracts and the entire dataset. Finally, 
direct quotes from participants were used to support each theme. Supplementary Table (Appendix C) 
presents representative raw quotes alongside their assigned codes, sub-themes, and themes, illustrating this 
coding process in full. 
 
RESULTS AND DISCUSSION 
 
The System Usability Scale 
Table 3 shows how each participant scored each SUS statement, while Table 4 presents the SUS score for 
each participant and the average overall SUS score across all respondents. The CF methodology and tool 
achieved a score of 68.4 on the unidimensional overall usability scale, placing it just above the SUS average 
score (Sauro & Lewis, 2016; Sauro, 2011). This score can be interpreted in four different ways (Figure 1) 
(Sauro, 2018). The CF methodology and tool scored “marginal-high” for acceptability range, “good” for 
descriptive adjectives (Bangor et al., 2009), and “grade C” on the curved grading scale (Sauro & Lewis, 
2016), as well as “passive” on the Net Promoter Score (NPS), which measures loyalty and satisfaction by 
asking users whether they would recommend the system to other users (Sauro, 2018). 
 
Table 3. Participants’ individual SUS scores and years of experience. 

Participant SUS score Years of experience 

P1 65 5 
P2 57.5 3 
P3 80 12 
P4 65 6 
P5 82.5 14 
P6 75 9 
P7 45 1 
P8 65 4 
P9 85 15 
P10 60 4 
P11 77.5 10 
P12 55 2 
P13 75 8 
P14 70 7 

SUS Score 68.4  

 
Positioning the CF methodology and tool score of 68.4 within the existing literature is challenging, as there 
are no directly comparable applications. The closest comparisons include a usability evaluation of an 
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integrated Life Cycle Analysis tool (Qiang & Pa, 2024), which reported an SUS score of 50, and an 
assessment of MS Excel (Kortum & Bangor, 2013), which scored 54.4, both below the acceptable average. 
A conceptually similar tool, a mobile application for CF tracking, achieved a higher SUS score of 82.5; 
however, mobile applications typically attain higher usability scores than desktop-based tools (Vlachogianni 
& Tselios, 2022; Wetzlinger et al., 2014). More broadly, sustainability-related tools and applications report a 
wide range of SUS scores, ranging from 59.5 to 93.25 (e.g., Yonata & Purwarianti, 2017; McGlinn et al., 
2017; Aresta et al., 2024; Oshidero & Coley, 2026). Lewis and Sauro (2021) further argue that, while 
achieving an SUS score of around 80 is feasible for many systems, it is less realistic for spreadsheet-based 
applications, such as the proposed CF methodology and tool. 
 
Overall, the results indicate that the CF methodology and tool were perceived positively by participants, 
although there remains scope for improvement. To further examine usability issues with the CF methodology 
and tool, the individual SUS items were analysed against the midpoint value. 
 
Table 4. Statistical analysis of SUS statements. 

Item Mean t-value df p-value Significant Holm-adj. p Significant 

SUS 1 4.29 5.77 13 <.001 Yes <.001 Yes 
SUS 2 3.86 3.72 13 .002 Yes .010 Yes 
SUS 3 3.57 2.82 13 .014 Yes .029 Yes 
SUS 4 2.50 -3.58 13 .003 Yes .010 Yes 
SUS 5 4.50 10.80 13 <.001 Yes <.001 Yes 
SUS 6 4.50 10.80 13 <.001 Yes <.001 Yes 
SUS 7 3.14 0.62 13 .549 No .546 No 
SUS 8 4.07 4.81 13 <.001 Yes .002 Yes 
SUS 9 4.43 6.26 13 <.001 Yes <.001 Yes 
SUS 10 2.36 -3.83 13 .002 Yes .010 Yes 

Note. Holm-adj. p = Holm-Bonferroni adjusted p-value, calculated across the ten item-level comparisons to control for Type I error inflation (Holm, 1979). 

 

 
 
Figure 1. Scale for determining NPS, acceptability range, adjective rating, and letter grade (adapted from 
Sauro (2018) and Bangor et al. (2009)). 
 
The statistical comparison between the SUS scores and the neutral midpoint (Table 4) shows that most SUS 
items were rated significantly above or below the midpoint benchmark, with the exception of statement 7, 
which remained neutral. To account for the increased risk of Type I error arising from repeated significance 
testing across the ten individual items, a Holm-Bonferroni correction was additionally applied (Holm, 1979). 
All items that were significant under the uncorrected threshold remained significant following correction, with 
statement 7 remaining the sole non-significant item under both the uncorrected and corrected analyses, 
indicating that the observed pattern of item-level results is robust to correction for multiple comparisons. 
Analysis of the SUS usability and learnability subscales (Table 5) indicates that both were statistically 
significant; however, the usability construct (M = 4.05, p < .001) was rated significantly positively, whereas 
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the learnability construct (M = 2.43, p = .001) was rated significantly negatively. Internal consistency was 
excellent for usability (Cronbach’s α = .94) and acceptable for learnability (Cronbach’s α = .73) (Hair et al., 
2010), supporting the two-factor structure of the SUS instrument. These findings suggest that, although the 
CF methodology and tool are perceived as usable, well-integrated, and confidence-inspiring, users 
experience a notable learnability burden, particularly in terms of requiring technical support and learning new 
content. This is also supported by the results for statement 7, which was not significantly different from the 
neutral midpoint, a similar observation found in various SUS tests (Bangor et al., 2008), indicating that 
participants were undecided about whether the CF methodology and tool would be rapidly learnable by typical 
users, in contrast to their own positive ratings of usability and confidence. 
 
Table 5. Statistical analysis of the SUS usability and learnability subscales. 

Construct Items 
Mean 
(vs. 3) 

t-test 
p-value 

Cronbach’s α Interpretation 

Usability Q1,2,3,5,6,7,8,9 4.05 <.001 .94 
Excellent reliability, positive 
rating 

Learnability Q4, Q10 2.43 .001 .73 
Acceptable reliability, negative 
rating 

 

 
 

Figure 2. SUS score by years of experience (n = 14). 
 
A Spearman rank-order correlation revealed a strong, significant positive relationship between years of 
experience and SUS scores, r = .99, 95% CI [.97, 1.00], p < .001 (Figure 2). A leave-one-out sensitivity 
analysis, in which the correlation was recalculated after excluding each participant in turn, showed rho 
ranging from .989 to .997, confirming that the association was not driven by a small number of influential 
observations. Participants with more years of experience gave significantly higher usability ratings for the CF 
methodology and tool, which aligns with the findings of Kortum and Bangor (2013). 
 
The statistical comparison of the SUS scores with the midpoint results is also considered alongside the 
findings from the semi-structured interviews. 
 
Semi-structured interviews 
The main themes under which the interview data were coded are the four usability components: 
effectiveness, efficiency, satisfaction, and learnability, as well as refinements and improvements. The 
interview questions were structured around the definitions of the four usability components. 
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Effectiveness 
The CF methodology and tool were broadly perceived as effective, as participants succeeded in completing 
the task accurately, completely, and appropriately. This is also confirmed by the statistical analysis of 
statements 5 and 6 (M = 4.50, p < .001), which relate to effectiveness (Wagner, 2023). However, across all 
three sub-themes, differences emerged between advanced and beginner users. 
 
Task completion 
This refers to participants’ ability to complete the CF assessment for their respective NOCs. All participants 
were able to complete the CF assessment, although the extent of coverage varied due to experience and 
data availability. Lower-experience users struggled to complete all categories because of unclear inputs and 
missing data. For example, P7 was unable to complete “staff commuting because I don't have that survey 
data.” Higher-experience users reported full completion and a logical structure, as P5 completed all tabs and 
highlighted the OA versus OG separation as a “major effectiveness win.” Being unable to complete certain 
categories is not a major concern, as the proposed methodology does not adopt completeness as a guiding 
principle. 
 
Accuracy and credibility of outputs 
Participants expressed confidence that the calculated emissions accurately reflected reality. P13 stated that 
“the kgCO₂e figures felt plausible compared to our previous consultant's report.” However, less experienced 
users did not show the same level of confidence, as they had nothing to compare the outputs against, with 
P12 stating “I felt I got an output but was it the correct one?” Participants with more experience showed 
greater confidence in the accuracy of the outputs, with P3 noting that “the outputs felt broadly credible, though 
I still checked a few emission factors against our own records.” P5 stated that “outputs felt well-structured 
and defensible” and P6 asserted that “I trusted the calculations once I got used to the formula structure.” 
 
Application of methodological components 
Some methodological elements were well received by participants, as they considered them useful for 
completing their CF assessment accurately. For example, P10 noted that “the materiality thresholds 
(Beginner 20%) helped me justify excluding some smaller sources”, while P5 praised the organisational 
boundary decision flowchart based on sustainability control as “the most innovative part of the methodology”. 
However, some of these methodological terms were too technical for intermediate and beginner participants. 
For example, P12 stated that “Legal responsibility?' and 'Direct influence?' were too abstract”, while P10 “was 
confused by the 'Dynamic Materiality' concept”. Although these terms are not explained in the tool, they are 
explained in detail in the methodology document. This indicates that the methodology and tool cannot be 
separated, as they complement each other. 
 
Efficiency 
Overall, participants perceived the CF methodology and tool as less efficient than effective. This is supported 
by the individual statistical scores for statements 2 (M = 3.86, p = .002), 3 (M = 3.57, p = .014), and 8 (M = 
4.07, p < .001), which relate to efficiency (Hertzum, 2026). Under this main theme, the thematic analysis 
uncovered two sub-themes. 
 
Time and effort required 
This was highly dependent on prior experience and data readiness. Participants with less experience found 
that most of their effort was spent “trying to understand what the sheet wanted” (P7) or “checking instructions 
rather than entering data” (P12). For more experienced participants, the proportionality between the effort 
expended and the quality of outputs was acceptable. P5 stated that “for a tool of this scope, the workload 
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was reasonable” and P9 echoed this view, stating that “for the depth of reporting it requires, I found the 
process efficient”. 
 
Participants found that most of the time was spent collecting the required data rather than using the CF 
methodology and tool. Beginner and intermediate users complained about the data collection burden, with 
P4 noting that “data gathering slowed everything down”, while P1 stated that “collecting data from different 
colleagues took longer than the spreadsheet itself” and P8 claimed that “the data collection side still took 
considerable effort”. In contrast, more experienced users found the data collection burden less problematic, 
as P14 stated that “we already track most of this. The tool didn't create new data burdens”, while P9 noted “I 
have all our data in one place already”. This is consistent with Hertzum (2026), who suggests that users are 
more sensitive to perceived workload than to task completion time when evaluating system usability. 
Beginner users tend to associate longer task times with their own learning process rather than with usability 
issues, whereas experienced users are more likely to link usability directly to task completion time. 
 
Navigation & input design 
Participants agreed that the pre-filled emission factors and dropdown menus reduced input burden and 
increased efficiency. Three participants highlighted that “the design reduced unnecessary manual work” (P9), 
“the dropdowns and pre-set factors reduced a lot of manual effort” (P5) and “pre-filled factors and dropdowns 
reduced effort” (P13). However, other participants felt that “some steps felt repetitive” (P10) and “some tabs 
required more clicking around than expected” (P6). Current CF calculation tools suffer from low efficiency, 
as they require repetitive and complex manual input for multiple variables, which can be mitigated through 
design features such as dropdown menus (Abbott et al., 2019). While dropdown menus reduce the burden 
of user input (Quaglio et al., 2024), they can still be perceived as tedious and inefficient for frequent use 
(Paskaran et al., 2022) and may introduce classification errors when users lack technical knowledge (Rabbani 
& Wibowo, 2025). Nevertheless, given the wide variation in emission sources involved in CF calculations, the 
use of dropdown menus remains a practical approach to improving efficiency while minimising manual input 
(Espinoza Pérez et al., 2024). 
 
On one hand, participants praised the methodological design of incorporating both activity-based and spend-
based approaches, noting that “the dual-method approach is sensible” (P11) and “the dual-method approach 
is essential; it reduces the ‘all or nothing’ efficiency cost of a data gap” (P3). This aligns with studies 
suggesting that relying on a single approach may be insufficient for a comprehensive evaluation, and that 
combining both methods represents an effective strategy for robust carbon accounting while also providing 
a practical means of completing a timely inventory and addressing data gaps (Kennelly et al., 2019; Brook, 
2025; Rosales & Dhakal, 2024; Xu & MacAskill, 2024). On the other hand, P13 highlighted a usability issue, 
stating that “having to flip to a separate (SB) sheet broke my workflow.” Although separating information 
across multiple tabs in carbon calculators can create usability challenges, it also addresses the broader issue 
of effectively communicating carbon emission data to users, which is the underlying purpose of separating 
complex methods (Sternberg, 2023). 
 
Satisfaction 
Participants demonstrated a high level of satisfaction with the CF methodology and tool. This is reflected in 
the statistical analysis of SUS statement 1 (M = 4.29, p < .001), indicating that participants would be willing 
to use the methodology and tool frequently, and SUS statement 9 (M = 4.43, p < .001), which showed that 
participants felt confident using them. However, responses were strongly polarised by experience. Overall, 
satisfaction with outputs was higher than satisfaction with the process of producing them. Two sub-themes 
emerged from the thematic analysis. 
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Satisfaction with CF methodology and tool 
Participants found the experience of using the CF methodology and tool to be broadly positive, although less 
experienced users expressed frustration at times. Regarding the methodology, less experienced users did 
not criticise it, while more experienced users praised it as “more robust than the ad hoc methods many 
organisations use” (P14), as having a “strong sense of methodological rigour” (P11), and as “credible, well 
thought through, and suitable for NOCs” (P9). As for the tool, less experienced users found it “a bit stressful 
at times” (P2), “frustrating and a bit intimidating” (P7), and “moderately frustrating because [he/she] wanted 
to use it independently but kept needing help” (P12), while experienced users found it to be “professional and 
appropriately detailed” (P13), “fit for purpose” (P5), and “credible, practical” (P3). 
 
This suggests that the underlying CF methodology is broadly accepted across different user groups; however, 
the implementation tool may impose a level of cognitive load or procedural complexity that exceeds the 
unaided capabilities of novice users. This aligns with cognitive load theory (Sweller, 2011), whereby 
experienced users possess automated schemas for structured analysis that free cognitive resources to 
recognise and utilise the tool’s affordances, whereas novice users must devote greater effort to basic 
operations, increasing the likelihood of confusion and frustration. 
 
Satisfaction with outputs 
Participants were highly satisfied with the outputs for reporting purposes. More experienced users had 
complete confidence in using the outputs for both internal and external purposes, with P13 stating that “the 
Summary sheet is board ready. The pie chart by scope is perfect. I would present this to our Executive 
Committee”, while P14 noted that the outputs could confidently be used in “both internal reports and when 
presenting to stakeholders for example the IOC or funders.” However, beginner users were more cautious 
about using and sharing the outputs, although this was attributed more to input data quality than to a tool 
design limitation, with P8 stating that “I wouldn't present these results to anyone. The problem is the quality 
of the underlying data, not the presentation” and P10 noting that “it was really a gap in my comfort with the 
data, not a fundamental flaw in the tool itself”. This reflects a common understanding in carbon accounting: 
the quality of reporting is fundamentally linked to the quality of the underlying data sources used to complete 
emissions inventories (Baehr et al., 2024). 
 
Learnability 
Participants perceived learnability as the least positive aspect of the CF methodology and tool. This was 
reflected in the statistical analysis, where the two statements associated with the learnability construct 
received the lowest scores among all SUS items, with statement 4 (M = 2.5, p = .003) and statement 10 (M 
= 2.36, p = .002) both scoring below the midpoint benchmark, while statement 7 (M = 3.14, p = .549) received 
a neutral score. These findings indicate that participants did not perceive learning to use the CF methodology 
and tool as straightforward. The thematic analysis identified three sub-themes. 
 
Complexity level 
All participants felt that the CF methodology and tool were at the upper limit of complexity but deemed this 
appropriate given the seriousness and comprehensiveness of CF assessment. Beginner-to-intermediate 
participants found it more challenging, with P10 stating that the CF methodology and tool were “designed by 
experts for experts”, while P7 noted that “it was actually a bit too advanced, especially for a beginner like 
me.” Experienced participants appreciated the level of complexity but confirmed that novice users might 
struggle with it, as P3 mentioned, “it's exactly what's missing from the GHG Protocol for a sector like sport 
but I have 12 years of experience. I worry for the beginners”, and P11 reiterated that “a beginner would 
struggle without significant support.” 
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This consensus suggests that the complexity is not accidental but deliberate, reflecting the demanding nature 
of the assessment context (Du et al., 2024). However, the subsequent divergence by expertise level reveals 
a potential exclusion risk, indicating that novice users may face a steep learning curve. 
 
Learning curve 
The initial orientation to the CF methodology and tool differed between participants. Experienced participants 
quickly understood the structure and began data entry immediately, with participants stating, “I picked it up 
fairly quickly” (P6) and “I was entering data within five minutes” (P9), while less experienced participants 
required more time to interpret the methodology, understand the spreadsheet structure, familiarise 
themselves with the tabs and workflows, and consult the guidance materials. Reflecting this, participants 
made comments such as “I needed time to get going, especially understanding the more technical 
methodological terms” (P10), “it took me a while of clicking through tabs to see the pattern” (P12), and “I 
spent considerable time reading the Index & Data Guide sheet” (P7). 
 
However, in-tool learning aids such as the dropdowns, colour-coded cells and the Index & Data Guide sheet 
were consistently valued by all participants and helped with improving the learning curve for some 
participants, as P12 explained that “the dropdowns were very useful. The colour-coding was useful after I 
read the Introduction sheet”, P3 highlighted that “the dropdowns and the colour-coded cells are critical for 
learnability", and P9 noted that “the guide and structure made the learning process easier.” 
 
Participants believed that competency with the CF methodology and tool would improve substantially through 
repeated use and continued exposure. They felt that the consistent structure of the spreadsheet and repeated 
annual application would support retention and reduce future re-learning efforts. Participants indicated that 
“a user would build competency over time” (P5), “the tool's consistent structure really does help reinforce 
familiarity” (P14), and “same tabs, same logic is the tool’s best feature for long-term retention” (P1). 
 
Overall, the CF methodology and tool impose a steep initial learning curve for beginner users, as they are 
not entirely self-explanatory. As users build competency over time, the design and structure of the CF 
methodology and tool appear to be optimised for longitudinal use rather than initial encounter. It is common 
for the orientation phase of encountering a new system to be dominated by learnability concerns (Dirin et al., 
2023; Karapanos et al., 2009); however, these initial concerns may have limited long-term significance, as 
user experience evolves over time through the ongoing relationship between the user and the system (Kujala 
et al., 2019). Nielsen (2010) distinguishes between walk-up-and-use systems (e.g. museum information 
systems) and professional systems, such as the proposed CF methodology and tool, arguing that 
professional systems may involve a steeper learning curve. However, once users overcome the initial 
learning effort, performance levels can become substantially higher, reflecting a trade-off between initial ease 
of use and the long-term performance potential offered by professional systems. 
 
Prior knowledge requirements 
Participants reported that successful use of the CF methodology and tool required some foundational prior 
knowledge, particularly in carbon accounting concepts and terminology, GHG Protocol scope classifications, 
and basic Excel functionality. Although the guidance materials supported users throughout the process, 
participants felt that complete beginners would struggle to use the system independently without initial 
training, technical guidance, or prior exposure to sustainability reporting. P8 explained that the CF 
methodology and tool “assumes a certain level of familiarity with carbon accounting concepts”, while, when 
asked about drawing on prior knowledge, P6 answered “quite a lot, honestly. Without that foundation, the 
tool would be very confusing”, and P2 similarly replied “a lot. You need to know what Scope 1, 2, and 3 are, 
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or what an emission factor is.” This was further reinforced by P13, who stated that “this tool is not for a 
complete novice without support. It assumes you understand the GHG Protocol's categorisation .” 
 
Since the CF methodology and tool were developed as tailored adaptations and improvements of existing 
methodologies and prior knowledge, the use of common terminology such as scopes, boundaries, and 
emission factors is necessary to maintain alignment with existing practice and preserve familiarity (Faisal & 
AlQouz, 2023). This reduces the need for users to learn entirely new terminology, which could otherwise 
further steepen the learnability curve for both novice and experienced users alike (Forsey et al., 2025). 
Eleftheriadis and Anagnostopoulou (2024) stated that they deliberately avoided using CF terminology in their 
tool because doing so would require additional user training and potentially discourage adoption. However, 
they did not provide evidence demonstrating that this approach improved the usability or learnability of the 
tool. In contrast, Rodriguez-Jimenez et al. (2025) incorporated common CF terminology into their tool for 
emergency departments and found that this did not negatively affect usability or learnability, as participants 
with no specific CF knowledge or experience were still able to use the tool effectively. Furthermore, the 
concern that novice users would struggle to use the CF methodology and tool was primarily raised by 
experienced participants, whereas the novice users themselves did not express the same view. 
 
Refinements and improvements 
Participants provided a range of recommendations aimed at improving the effectiveness, efficiency, 
satisfaction, and learnability of the CF methodology and tool. Although most participants viewed the 
methodology and tool positively overall, the suggested refinements primarily focused on reducing complexity 
for less experienced users, improving workflow efficiency, strengthening validation processes, and enhancing 
user guidance and feedback mechanisms. 
 
Several participants proposed refinements to improve the quality and accuracy of the results produced by 
the methodology and tool. One suggestion was to allow the use of country-specific emission factors instead 
of pre-populated emission factors. For example, P3 recommended allowing users to “input their own country-
specific electricity grid factor”, noting that the default UK electricity factor was not representative of NOCs 
operating in other countries. This is a valid refinement that enhances result accuracy; however, the tool 
already accommodates such customisation, as all emission factor cells are user-editable, allowing users to 
overwrite the default emission factor values with their own supplier- or country-specific factors. Participants 
also highlighted the need for stronger validation mechanisms to reduce user errors. P7 suggested that the 
tool should automatically flag missing or incomplete data inputs, explaining that “if I enter a ‘0’ or leave a cell 
blank for a material source, the Summary sheet should flag it in red”. 
 
Beyond the specific case of editable emission factors, P3's comment points to a broader consideration for 
the international applicability of the CF methodology and tool. As the methodology and tool are intended for 
deployment across a globally diverse population of NOCs, the pre-populated default values, largely derived 
from UK sources such as DESNZ and DEFRA, may not consistently reflect the electricity-grid characteristics, 
regulatory reporting requirements, or data-availability conditions of NOCs operating in other countries. 
Electricity grid emission factors in particular vary substantially between countries depending on the underlying 
generation mix, and organisations operating in jurisdictions with limited access to nationally published factors, 
or with less mature emissions-reporting infrastructure, may face a greater burden in sourcing appropriate 
replacement values than the customisation feature alone can resolve. Similarly, differences in national or 
regional regulatory environments may shape what data organisations are able or required to collect, which 
in turn affects the completeness and consistency of CF assessments across the NOC population. While 
allowing user-editable emission factors provides a mechanism for adaptation, it does not by itself guarantee 
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that all users have equal access to the country-specific data needed to exercise this customisation. Future 
refinements of the methodology and tool could therefore consider incorporating a curated library of regionally 
appropriate default factors, alongside guidance on sourcing nationally verified alternatives, to reduce this 
variation in implementation burden across different national contexts. 
 
Participants also identified several opportunities to improve efficiency and reduce the burden associated with 
using the tool. One of the most common suggestions involved simplifying the spreadsheet structure and 
reducing the number of tabs. Participants felt that having separate spend-based sheets for each emission 
source created unnecessary complexity and interrupted workflow continuity. Reflecting this, P8 
recommended consolidating spend-based methods within the main activity-based sheets by adding a “small, 
collapsible spend-based fallback section at the bottom of the main tab”. 
 
Participants further highlighted several improvements that could enhance the overall user experience and 
satisfaction associated with the methodology and tool. Less experienced users, in particular, expressed a 
need for clearer feedback and reassurance during the completion process. P12 recommended introducing 
visual completion indicators, such as a “green checkmark” after finishing a tab, explaining that they were 
often “never sure if [they were] finished”. Participants also suggested improving the language used within the 
uncertainty assessment outputs. Although users understood the rationale behind labels such as “Poor”, some 
participants perceived the wording as discouraging. P9 suggested replacing terms such as “Poor” with more 
constructive wording, such as “Needs Improvement”, alongside guidance explaining how users could improve 
their data quality scores. 
 
In addition, participants identified several refinements aimed at reducing the learning burden and improving 
accessibility for beginners. A common recommendation involved providing more interactive onboarding and 
training support. P2 proposed including a “Demo Data” function that would populate the tool with realistic 
example data, allowing users to understand how information flows throughout the spreadsheet before 
entering their own data. Similarly, P5 recommended developing a short introductory training video 
demonstrating the overall workflow of the methodology and tool, including navigation between tabs, the 
purpose of colour-coded cells, and the relationship between OA and OG reporting. Participants believed that 
these additional support materials would significantly reduce the initial learning curve, particularly for users 
with limited prior experience in carbon accounting. 
 
Overall, the refinements suggested by participants indicate that while the CF methodology and tool were 
generally perceived as comprehensive and professionally designed, improvements are required to enhance 
accessibility, reduce user burden, and support less experienced users. Many of the proposed refinements 
focused not on changing the underlying methodology itself, but rather on improving usability, guidance, 
automation, and user confidence during implementation. 
 
Limitations 
A key limitation of this study is the relatively small sample size (n = 14), which restricts the extent to which 
the findings can be generalised beyond the study context. Although small samples are common in usability 
evaluation research, particularly where in-depth qualitative insights are prioritised (Hennink & Kaiser, 2022; 
Wutich et al., 2024), the limited number of participants may not fully capture the diversity of experiences, 
technical competencies, organisational structures, and carbon accounting practices present across NOCs. 
Therefore, the findings should be interpreted as context-specific rather than statistically representative of all 
NOCs. Nevertheless, the sample size was considered sufficient for exploratory usability testing and 
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qualitative inquiry, where the objective is often to identify usability issues and generate practical insights 
rather than achieve population-level generalisability (Vasileiou et al., 2018). 
 
The use of the SUS also presents several limitations. While the SUS is widely recognised for its reliability 
and simplicity, it provides only a broad measure of perceived usability and does not identify the specific 
causes of usability problems (Brooke, 1996). The instrument is also based on subjective self-reported 
perceptions, which may be influenced by participants’ prior experience, expectations, or response tendencies 
(Lewis, 2018). 
 
The sample also varied considerably in the type, size, and resourcing of the NOCs represented. Participants 
were drawn from NOCs across Africa, the Americas, Asia, and Europe, ranging from small island and 
mountain-state committees with limited administrative capacity to larger, well-resourced NOCs with dedicated 
sustainability functions. Some participants worked within NOCs where one or two staff members covered 
sustainability alongside a broader remit, often on a partly voluntary basis, while others worked within NOCs 
that maintained specialist environmental roles and established data-management infrastructure. This range 
in organisational maturity, rather than participants’ individual carbon accounting experience alone, is likely to 
have shaped perceptions of the CF methodology and tool. An NOC with limited administrative capacity may 
face practical barriers to sustained implementation regardless of the tool’s usability, since even a highly 
usable tool still depends on staff time and available activity data to complete a CF assessment. This 
organisational dimension is examined further in the discussion of organisational data readiness in the 
following section and is a further reason why the present findings should be interpreted as context-specific 
rather than representative of all NOCs. 
 
A related limitation is that the study relies on participant perceptions rather than objective usability metrics, 
such as task completion rates, error frequency, support requests, or completion time. Self-reported measures 
of effectiveness, efficiency, satisfaction, and learnability capture how participants experienced the CF 
methodology and tool, but they do not necessarily correspond to observed performance. A participant who 
reports low confidence in a completed task may still have produced an accurate output, while a participant 
who reports high satisfaction may have made undetected errors. Future evaluations of the CF methodology 
and tool should therefore incorporate objective performance measures, including timed task completion, error 
rates, and the frequency of support requests during use, to complement the perception-based findings 
reported in this study. 
 
The semi-structured interviews are similarly subject to methodological limitations, particularly interviewer bias 
(Adams, 2015). The flexibility of semi-structured interviews allows probing and clarification; however, the 
interviewer may unintentionally influence responses through question phrasing, tone, prompts, or non-verbal 
cues. Given the researcher’s familiarity with the proposed CF methodology and tool, there is also a risk that 
personal assumptions or expectations may have shaped the direction of discussions or interpretation of 
participant responses. To minimise these risks, reflexive practices were adopted throughout the research 
process, including maintaining awareness of potential biases, using a structured interview guide, and 
encouraging participants to provide open and critical feedback (Braun & Clarke, 2021). 
 
Thematic deductive analysis also introduces potential limitations. Because the analysis was guided by 
predefined usability themes and concepts, there is a risk of confirmation bias (Braun & Clarke, 2006), 
whereby data may be interpreted in ways that reinforce existing assumptions or expected findings. Deductive 
approaches may also overlook unexpected insights or emerging themes that fall outside the predetermined 
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analytical framework (Terry et al., 2017). As a result, some novel or unanticipated participant perspectives 
may not have been explored in sufficient depth. 
 
Toward a conceptual model of adoption 
The usability findings reported above also carry a broader theoretical implication for how the CF methodology 
and tool might progress beyond this evaluation toward routine adoption across NOCs. This section proposes 
a conceptual model that links four constructs identified through this study, tool usability, prior carbon 
accounting knowledge, organisational data readiness, and perceived relative advantage, to adoption 
outcomes. The model draws on the Technology Acceptance Model (Davis, 1989) and the Diffusion of 
Innovations framework (Rogers, 2003), situating the present findings within the broader implementation-
science literature on how new methods and tools move into routine organisational use. 
 
The Technology Acceptance Model (TAM) holds that adoption intention is shaped by two beliefs: perceived 
usefulness and perceived ease of use (Davis, 1989). The present findings map closely onto this distinction. 
Perceived usefulness was high and consistent across the sample. Participants at every experience level 
described the methodology as more robust than the ad hoc practices their NOCs currently rely on, and the 
tool’s outputs were repeatedly judged credible enough to present to an Executive Committee or external 
funder. Perceived ease of use followed a markedly different pattern. It was the lowest-scoring SUS construct 
overall, and the one most strongly moderated by prior experience: participants with limited carbon accounting 
background needed considerably longer to orient themselves and expressed less confidence that their 
entries were correct, while experienced participants reported beginning data entry within minutes. Read 
through TAM, this divergence indicates that resistance to adopting the CF methodology and tool is unlikely 
to stem from doubts about its value. It is more likely to stem from the effort required to use it without prior 
carbon accounting knowledge. 
 
Diffusion of Innovations (DOI) offers a complementary account of the same divergence. Rogers (2003) 
identifies five attributes that determine how quickly an innovation is adopted: relative advantage, 
compatibility, complexity, trialability, and observability. The CF methodology exhibited high relative 
advantage over the ad hoc approaches it is designed to replace, and high compatibility with GHG Protocol 
terminology and existing reporting conventions already familiar to sustainability practitioners. Both attributes 
reinforce the strong perceived usefulness findings reported above. The methodology and tool also scored 
high on complexity; however, the one DOI attribute inversely related to adoption. The refinements participants 
proposed can be read as attempts to compensate for this complexity along the two remaining attributes. A 
“Demo Data” function to rehearse the tool before entering live figures would increase trialability. Automated 
flags for missing entries and clearer completion indicators would increase observability of progress during 
use. Neither refinement touches the underlying methodology, which participants regarded as sound; both are 
aimed at making a complex but valuable method easier to trial and track. 
 
A fourth construct, organisational data readiness, sits outside both TAM and DOI but emerged clearly from 
the interview data as a determinant of adoption independent of the tool’s design. Participants who described 
their NOC as already tracking most relevant activity data (P9, P14) treated data collection as a non-issue 
and located all remaining effort in the calculation itself. Participants without this infrastructure (P1, P4, P8) 
identified data collection, rather than the spreadsheet, as the main source of effort, and attributed their lower 
confidence in the outputs to this data quality question rather than to any flaw in the tool. This is consistent 
with organisational readiness for change more broadly (Weiner, 2009), where the availability of resources, in 
this case usable emissions data, determines whether an otherwise acceptable innovation can be 
implemented in practice. 
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Together, these four constructs point to a conceptual model in which adoption of the CF methodology and 
tool is jointly determined by the perceived relative advantage and compatibility of the methodology itself 
(largely fixed, and already favourable), the ease of use of the tool as experienced through the lens of the 
user’s prior carbon accounting knowledge (variable, and the primary barrier for novice users), and the 
organisational data readiness of the adopting NOC (variable, and independent of both the methodology and 
the tool). Perceived usefulness alone is not a sufficient condition for adoption in this context, since the 
methodology was judged valuable by novice and experienced participants alike. Ease of use and 
organisational data readiness are the constructs most likely to determine whether that judgement translates 
into sustained use, and both point to the same practical implication. Increasing the trialability and observability 
of the tool and supporting NOCs in establishing baseline data collection practices at the organisational level, 
are the two levers most likely to convert a well-regarded methodology into a widely adopted standard. 
 
CONCLUSION 
 
This study evaluated the proposed CF methodology and tool for NOCs, addressing three research questions 
through a mixed-methods usability assessment combining the System Usability Scale and semi-structured 
interviews. In doing so, the study addressed a key gap identified within the literature, namely the limited 
empirical testing of CF methodologies and tools by independent end-users in real organisational settings. 
Existing studies have largely prioritised methodological development and calculation accuracy, while giving 
comparatively limited attention to usability, learnability, and practical implementation challenges. By involving 
intended end-users from different NOCs with varying levels of experience, this study provided a more 
comprehensive evaluation of both the methodological robustness and practical applicability of the proposed 
CF methodology and tool. 
 
In response to RQ1, the CF methodology and tool achieved an overall SUS score of 68.4, which is only 
slightly above the accepted average benchmark of 68 (Sauro & Lewis, 2016). This score places the system 
within the “marginal-high” acceptability range, the “good” adjective rating (Bangor et al., 2009), and grade C 
on the curved grading scale (Sauro & Lewis, 2016), indicating a level of perceived usability that, while broadly 
satisfactory, remains below the threshold typically associated with high-performing systems. Importantly, a 
strong positive correlation was identified between years of experience and SUS scores (r = .99, p < .001), 
highlighting that usability perceptions were substantially shaped by participants’ prior familiarity with carbon 
accounting concepts and tools. This finding underscores that the CF methodology and tool, as a professional-
grade instrument, may not be equally accessible to all user profiles without additional support. The strength 
of this correlation, confirmed by a leave-one-out sensitivity analysis (rho range = .989–.997) and unlikely to 
reflect a small number of influential observations, is consistent with the relatively narrow and evenly 
distributed range of experience levels in the sample (1 to 15 years), which increases the likelihood of 
detecting a smooth, near-monotonic relationship even at n = 14. A correlation of this magnitude should 
nonetheless be interpreted with the sample size in mind, and future research with a larger and more 
heterogeneous sample is needed to confirm whether the relationship holds at this strength. 
 
With respect to RQ2, the four usability dimensions of effectiveness, efficiency, satisfaction, and learnability 
yielded divergent findings. Effectiveness emerged as the strongest dimension: all participants succeeded in 
completing, at least partially, a CF assessment for their respective NOC, and outputs were broadly regarded 
as credible and defensible, particularly by more experienced users. Efficiency was perceived as moderate 
overall, with the data collection burden identified as the primary source of effort rather than the tool’s design 
itself. Navigation aids such as dropdown menus and pre-populated emission factors were consistently valued 
as efficiency-enhancing features, though the separation of activity-based and spend-based calculation sheets 
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was identified as an interruption to workflow continuity for some participants. Satisfaction was the second 
strongest dimension, with participants expressing a high level of confidence in the outputs, particularly for 
reporting and stakeholder communication purposes. However, satisfaction was notably polarised by 
experience level, with less experienced users reporting frustration during the completion process, which is 
consistent with cognitive load theory (Sweller, 2011). Learnability emerged as the most significant area of 
concern, with the two associated SUS statements scoring below the neutral midpoint and representing the 
lowest-rated items across the entire instrument. While in-tool learning aids, including colour-coded cells, 
dropdown menus, and the Index & Data Guide sheet, were valued by participants, the CF methodology and 
tool were not perceived as self-explanatory, particularly for novice users, and required a degree of prior 
knowledge in carbon accounting and GHG Protocol terminology to be used independently and effectively. 
 
Addressing RQ3, participants provided a range of practical refinements aimed at improving the usability, 
functionality, and practicality of the CF methodology and tool. Key recommendations included introducing 
automated data validation and flagging mechanisms to reduce user error, consolidating spend-based 
calculation sheets to improve workflow continuity, developing interactive onboarding materials such as a 
“Demo Data” function and introductory training video, and adopting more constructive language within 
uncertainty assessment outputs. While many of these suggestions were directed at reducing the learnability 
burden for beginner users, it is noteworthy that most refinements did not call for changes to the underlying 
methodology itself, which was broadly accepted across user groups as rigorous, credible, and fit for purpose. 
This distinction between methodological robustness and tool usability reinforces the critical point, consistent 
with the literature (Xia et al., 2025; Harangozo & Szigeti, 2017), that methodological soundness alone does 
not guarantee practical usability. 
 
Taken together, the findings of this study demonstrate that the proposed CF methodology and tool represent 
a meaningful contribution to carbon accounting practice within the sport sector, offering a structured, sector-
specific approach that addresses gaps in current NOC reporting frameworks. The methodology was 
consistently regarded as more robust than the ad hoc approaches currently employed by many organisations, 
and the tool was considered broadly appropriate for its intended purpose. Nonetheless, the findings also 
indicate that improvements to onboarding support, user guidance, and navigational design are necessary to 
ensure that the methodology and tool can be adopted equitably across the full spectrum of user competencies 
present within the NOC community. Addressing these refinements would not only improve the immediate 
usability of the tool but would also support the longer-term legitimacy, consistency, and scalability of the 
proposed CF standard, which have been identified as essential conditions for sector-wide adoption (Marinelli 
et al., 2021; Strohmeier et al., 2025). Future iterations of the methodology and tool should therefore 
incorporate the refinements identified through this testing process, with subsequent evaluation cycles used 
to assess the impact of those changes on usability outcomes. 
 
Future research 
Building on the findings and limitations reported above, four directions are proposed for future research on 
the CF methodology and tool. 
 
First, comparative evaluations of the CF methodology and tool against generic corporate carbon calculators 
would help establish whether the usability challenges identified here are specific to the design choices made 
in this tool or characteristic of carbon accounting more broadly. 
 
Second, longitudinal studies tracking the same NOCs across multiple annual reporting cycles would help 
distinguish onboarding effects from durable usability barriers, addressing the possibility, raised in the 
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Discussion, that some of the learnability difficulties reported here reflect the short duration of testing rather 
than a persistent design flaw. 
 
Third, validation of the CF methodology’s calculated outputs against independently audited GHG inventories, 
where available, would test the accuracy of the tool’s calculations directly, complementing the perception -
based usability evidence gathered in this study and addressing the absence of objective performance metrics 
noted in the limitations. 
 

Fourth, dedicated research into organisational capability, including staffing levels, data-management 
infrastructure, and sustainability governance structures across NOCs, would extend the organisational data 
readiness construct proposed above and clarify which organisational characteristics most strongly predict 
successful and sustained implementation of the CF methodology, independent of the tool’s design. 
 

Pursued together, these four directions would extend the present study from a single-cycle usability 
evaluation toward a fuller evidence base for standardising carbon accounting practice across the Olympic 
Movement. 
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APPENDIX A. Interview guide matrix. 

Interview 
Question 

(Q#) 

Section 
RQ1 

(SUS) 
RQ2 

(Effectiveness) 
RQ2 

(Efficiency) 
RQ2 

(Satisfaction) 
RQ2 

(Learnability) 

RQ3 
(Refinements 

& Adoption) 

SUSQ 
Check 

Introduction  
x      

Q1 A: Warm-Up  x     

Q2 A: Warm-Up  x     

Q3 A: Warm-Up     x  

Q4 
B: First 
Impressions 

   x x  

Q5 
B: First 
Impressions 

    x  

Q6 
B: First 
Impressions 

    x  

Q7 
C: Data 

Navigation 
 x x    

Q8 
C: Data 
Navigation 

 x x    

Q9 
C: 
Methodology 
Concepts 

 x   x  

Q10 
C: 
Methodology 
Concepts 

 x     

Q11 
C: Calculation 
Logic 

 x  x   

Q12 
C: Calculation 
Logic 

 x     

Q13 
C: 
Summarising 
Results 

 x x    

Q14 C: Efficiency   x    

Q15 D: Satisfaction    x   

Q16 D: Satisfaction    x   

Q17 D: Challenges  x    x 

Q18 D: Challenges      x 

Q19 E: Practicality  x    x 

Q20 E: Practicality      x 

Q21 
F: 
Refinements 

     x 

Q22 
F: 
Refinements 

     x 

Q23 
F: 
Refinements 

     x 

Q24 
G: Final 
Reflections 

   x  x 

Q25 
G: Final 
Reflections 

     x 
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APPENDIX B. Semi-structured interview guide. 
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APPENDIX C. Deductive coding framework for the semi-structured interview data. 
 
This table shows representative raw quotes alongside their assigned codes, sub-themes, and main themes, 
illustrating the transformation from raw data to theme across the deductive thematic analysis reported in the 
Semi-structured interviews section. 
 

Theme Sub-theme Participant Raw quote Code 

Effectiveness Task completion P7 “unable to complete staff commuting 
because I don’t have that survey data” 

Data availability 
barrier 

Effectiveness Task completion P5 “completed all tabs” and described the OA 
vs OG separation as a “major effectiveness 
win” 

Boundary structure 
supports completion 

Effectiveness Accuracy and 
credibility of 

outputs 

P13 “the kgCO₂e figures felt plausible 
compared to our previous consultant’s 
report” 

Output plausibility 
benchmarking 

Effectiveness Accuracy and 
credibility of 

outputs 

P12 “I felt I got an output but was it the correct 
one?” 

Output uncertainty 
(novice) 

Effectiveness Accuracy and 
credibility of 

outputs 

P3 “the outputs felt broadly credible, though I 
still checked a few emission factors against 
our own records” 

Independent 
verification behaviour 

Effectiveness Application of 
methodological 

components 

P10 materiality thresholds “helped me justify 
excluding some smaller sources” 

Materiality threshold 
utility 

Effectiveness Application of 

methodological 
components 

P12 ‘Legal responsibility?’ and ‘Direct 

influence?’ were “too abstract” 
Terminology 

abstraction barrier 

Efficiency Time and effort 
required 

P7 time “was spent trying to understand what 
the sheet wanted” 

Interface 
comprehension effort 

Efficiency Time and effort 
required 

P1 “collecting data from different colleagues 
took longer than the spreadsheet itself” 

Data-collection 
burden (external) 

Efficiency Time and effort 
required 

P9 “I have all our data in one place already” Prior data readiness 
(experienced) 

Efficiency Navigation and 
input design 

P5 “the dropdowns and pre-set factors 
reduced a lot of manual effort” 

Pre-filled inputs 
reduce burden 

Efficiency Navigation and 
input design 

P6 “some tabs required more clicking around 
than expected” 

Navigation friction 

Efficiency Navigation and 
input design 

P13 “having to flip to a separate (SB) sheet 
broke my workflow” 

Workflow 
interruption across 
tabs 

Satisfaction Satisfaction with 
methodology and 

tool 

P2 the process felt “a bit stressful at times” Process-related 
frustration (novice) 

Satisfaction Satisfaction with 

methodology and 
tool 

P14 “more robust than the ad hoc methods 

many organisations use” 
Perceived 

methodological 
credibility 

Satisfaction Satisfaction with 
outputs 

P13 “the Summary sheet is board ready. The pie 
chart by scope is perfect” 

Output presentation 
readiness 
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Theme Sub-theme Participant Raw quote Code 

Satisfaction Satisfaction with 
outputs 

P8 “I wouldn’t present these results to anyone. 
The problem is the quality of the underlying 
data, not the presentation” 

Data-quality 
attribution, not tool 
design 

Learnability Complexity level P10 “designed by experts for experts” Perceived expert-
oriented design 

Learnability Complexity level P7 “actually a bit too advanced, especially for 
a beginner like me” 

Beginner-complexity 
mismatch 

Learnability Learning curve P9 “I was entering data within five minutes” Rapid orientation 
(experienced) 

Learnability Learning curve P12 “it took me a while of clicking through tabs 
to see the pattern” 

Exploratory 
orientation delay 
(novice) 

Learnability Learning curve P3 “the dropdowns and the colour-coded cells 
are critical for learnability” 

In-tool learning aids 
valued 

Learnability Prior knowledge 
requirements 

P8 the tool “assumes a certain level of 
familiarity with carbon accounting 

concepts” 

Assumed domain 
knowledge 

Learnability Prior knowledge 
requirements 

P2 “you need to know what Scope 1, 2, and 3 
are, or what an emission factor is” 

Terminology as 
prerequisite 

Refinements and 
improvements 

Validation and 
feedback 

P7 the Summary sheet “should flag it in red” if 
a cell is left blank 

Automated error-
flagging suggestion 

Refinements and 

improvements 
Validation and 

feedback 
P12 recommended a “green checkmark” after 

finishing a tab 
Completion-feedback 

suggestion 

Refinements and 
improvements 

Onboarding support P2 proposed a “Demo Data” function to 
populate the tool with example data 

Guided onboarding 
suggestion 

Refinements and 
improvements 

Onboarding support P5 recommended “a short introductory 
training video” demonstrating the overall 
workflow 

Video-based 
onboarding 
suggestion 
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