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ABSTRACT

Robust carbon footprint methodologies and tools are increasingly required across the sport sector
National Olympic Committees lack a standardisesphesdatopproach. A bespoke carbon footprint
methodology and accompanying calculation thelel@ped for this purpose; however, technical rigour
alone does not ensure that intended users can apply them. This study evaluates the usability and pract
of the proposed methodology and tool through direct engagemeseraitRamteen stakembers

from different National Olympic Committees applied the methodology and tool within their organisation:
a foutosixweek period, then completed the System Usability Scale-stnalcéusesninterview. The

tool achieved a mean Systenillils8loale score of 68.4, corresponding to a grade C andnagmarginal
acceptability rating. Usability was rated positively, whereas learnability scored below the neutral mid|
and scores correlated strongly with participants' years of expe@i@hcktérviews indicated that
effectiveness was the strongest dimension and learnability the weakest, with data collection identified :
main source of effort. Participants judged the methodology rigorous and credible but recommended img
onbarding, validation, and guidance to support less experienced users and.wider adoption
Keywordsspormanagemerarbon accounting; system usability scatgrissared interviews; sport
sustainability; learnability; greenhouse gas reporting
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INTRODUCTION

The development of robust Carbon Footprint (CF) methodologies and associated calculation tools
become an increasingly urgent priority across a wide range of sectors, including sport, as organisation:
mounting pressure to measure, report, aedetdugreenhouse gas emissions (Adhikari et al., 2025;
Onat et al., 2025). Within the sport sector specifically, reporting practices remain largely fragmentec
voluntary, with National Olympic Committees (NOCs) lacking a standasplésafigrsstbtmiology

capable of supporting consistent and credible CF ass€ssto@updt al., 2025; Marinelli et al.,

2021). In response to this gap, a bespoke CF methodology and accompanying calculation tool have
developed for NOCs, grounded in established accounting frameworks and adapted to reflect their opere
characteristics

However, the development of a methodologically sound CF standard represents only one componen
successful implementation strategy. A methodology that cannot be applied consistently, correctly,
independently by its intended users risks undeeniamgbjectives it is designed to serve, irrespective

of its technical rigour (Xia et al., 2025; Ha€aBgmeti, 2017). The existing literature on carbon footprint
methodologies and calculators has predominantly focused on methodological development, emiss
estimation, and technical accuracy, with comparatively limited attention given tiitgrtgstiogl usab
involving independentasets (Christy et al., 2023; Marlowe & Clarke, 2022; Bekaroo et al., 2019). Wher
evaluation has been undertaken, it has often relied oHetbeakmstudies or hypothetical applications

that may not fully captthe operational challenges, learning requirements, and contextual constraint
encountered by intended users in practice (& &mygeti, 2017; Xia et al., 2025). Furthermore, many
studies fail to distinguish between methodological robustness and tool usability, despite the fact tr
technically sound methodology does not necessarily guarantee ease of use, acadasbility, or pra
implementation (Xia et al., 2025). As a result, there remains limited understanding of how CF methodo
and tools perform when applied by users with varying levels of expertise, organisational resources, anc
experience with carbon acogunti

This study addresses this gap by evaluating the usability and practicality of the proposed CF method
and tool for NOCs through direct engagement with inteseled kendbing so, the study moves beyond
conceptual methodological developmentit® éxamthe proposed approach performs umdeideal
application conditiohlse proposed CF methodology amdetexdluated against the four core usability
dimensions. These dimensions provide a structured framework for understanding not only whe
participants were able to complete the carbon footprint assessment successfully, but also the extent to
the proess was manageable, understandable, and appropriate for users with different levels of expertis
addition, the study explores areas requiring refinement and improvement in order to strengthen
functionality, accessibility, anddomgadoptabildf/the proposed methodology and tool across NOCs.

To achieve this, participants from different NOCs were asked to apply the proposed CF methodolog)
tool within their organisations over a testing period before completing the SUS questionnaire and partici
in semstructured interviews. This-rdethlod design enables a more comprehensive and balanced
evaluation than either approach could offer in isolation (Zapata et al., 2015) and is directly responsive t
in the literature for greatetusedinvolvement in CF tool evaluation (Hata®goeti, 2017; Xia et al.,

2025). The study therefore provides one of the few empirical evaluations within the carbon accoul
literature that combines standardised usability assessment with qualitative inquiry involviag independer
users operagwithin authentic organisational environments.
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The study begins by reviewing the importance of methodology and tool testing within carbon accou
research, followed by an overview of usability theory, usability assessment approaches, and the ration:
selecting the SUS and stmactured inteews as the primary evaluation methods. The methodology
adopted for participant recruitment, data collection, and data analysis is then presented. This is follow
the results and discussion sections, which examine the quantitative SUS fiadiveyguzditagsid

interview themes relating to effectiveness, efficiency, satisfaction, learnability, and proposed refinem
Finally, the study concludes by reflecting on the implications of the findings for the further developr
implementation, gratential 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 se
driven by growing demands for emissions disclosure and accountability (Adhikari et al., 2025; Onat ¢
2025). However, the credibility and eseffirsuch methodologies do not rest solely on their technical
alignment with accounting standards or their theoretical completeness (Asam et al., 2025; Augoye ¢
2024). Increasingly, the effectiveness of CF approaches depends on whetheapgpégdcan be
consistently and correctly by intended users within real organisational contexts (Bowen & Wittneben, 2

Methodology and tool testing play a critical role in identifying gaps between conceptual design and pre
application. Without empirical testing, carbon accounting tools risk being overly complex, misalignec
user capabilities, or incompatiblexigiting organisational processes (Melville & Whisnant, 2014). This is
particularly relevant for organisations with limited sustainability expertise or decentralised data struct
where methodological burden can directly undermine data quadity, aoddsgrm uptake (Okon

& Marauche, 2025).

Existing carbon accounting literature has largely prioritised methodological development and emiss
estimation accuracy, while paying comparatively little attention to systematic usability and applicability t
(Christy et al., 2023; Marlowe &84 ; 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
limited insight is available regarding how users intergob\gitin@Fpret methodological guidance, or
navigate data requirements in practice (Mulrow et al., 2018).

Empirical testing of methodologies and tools provides an evidence base for refining methodolog
assumptions, simplifying calculation procedures, and improving guidance clarity (Breton & Aggeri, 2
Mulrow et al., 2018). Usability testing, in paetiablas the identification of cognitive and operational
barriers that may not be apparent during methodological design (Kong et al., 2021). Similarly, qualit
engagement with users allows organisational constraints such as data avaiabitdinatitarnand

reporting responsibilities to be explicitly considered within methodological refinement processes (Ball
2023; Chatty et al., 2021).

For standardisation efforts, methodology and tool testing is especially important. A proposed standard
not empirically appraised risks inconsistent application across organisations and limiting its potentiz
sectowide adoption (Strohmeig,62025). Systematic testing therefore supports not only methodological
robustness but also the legitimacy and scalability of carbon footprint standards (Marinelli et al., 2(
particularly in sectors such as sport where reporting practicesrentath &rafylargely voluntary
(CiocoPopet al., 2025).
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Testing methods

CF methodologies and tools have been tested and evaluated through many different approaches. Hov
themajority of studies thavedeveloped CF methodologies do not offer a supporting tool to apply the
methodologynd in thearecaseswherea tool is developabestudy does not differentiate between
testing the methodolagyg assessittige usability of the tool itself (for exseed\dateo Pla et al., 2021,

Loyarté Opez et al., 2020). This distinction is astioa@thodological soundness does not guarantee
practical usability, while tool usabdayotguarantemethodological rigour (Xia et al., 2025).

Studies developing CF methodologies can be broadly grouped into two categories. The first comp
studies that propose a methodology conceptually, without subjecting it to empirical testing or prac
application (see AbdaktalA?20219 on orgytoffeany defaile® riudetical S
examples based on hypothetical values (e.g., Gandola and Asdrubali, 2024). The second group incl
studies that implement and test their proposed methodologies, often through pilot pudjests or case st
(e.g., Griffiths et al., 2024; Issa Zadeh et al., 2023). Testing methodologies through case studies off
robust means of validating their practical applicability, technical feasibility, and calculation accur
However, such testing is ofteartakeén by the methodology developers themselves, which may introduce
bias or fail to capture the operational challenges and contextual constraints that independent end
encounter in practice (HarangozAzigeti, 2017; Spandonidis, 2025). To mitigate this limitation,
methodology evaluation should actively involve intersees tandugh both qualitative and quantitative
approaches, enabling systematic feedback on usability, clarity, antivevnessl effec

The situation for CF tools is often the reverse, with developers placing greater emphasis on user inte
and user experience than on the robustness and transparency of the underlying methodology. As a r
the current state of CF calculators isctehiseal by uncertain accountability and considerable
methodological inconsistency (Haoatghz2017; Malakahmad et al., 2015). Research shows that many
calculators lack consistency and transparency (Birnik, 2013), leading to substantial variation in results
when identical inputs are used (Xia et al., 2025).

CF calculators are defined as software tools that employ quantitative models to estimate carbon emis
(Xia et al., 2025). These tools exhibit varying degrees of complexity and user interaction modalities, ra
from simple spreadsheet inputs tstepulvelbased interfaces (Barendregt et al., 2020). Studies have
adopted a range of approaches to evaluate their functionality, iactdicgseaitudies (e.g., Beery

et al., 2011), hypothetical scenarios (e.g., Xia et al., 2025), ussdniliéx@artence testing (e.g.,
Bekaroo et al., 2019), expert validation (e.g., Spandonidis, 2025), and comparative analyses ag:
established calculators (e.g., Tuomisto et al., 2015). In several studies, these testing approaches
complemented by &ddal qualitative methods, such as workshops, facility visits, and interviews to asses
the CF calculators (e.g., Alromaizan et al., 2023; Azarkamand et al., 2021; Biichs et al., 2018). Empl
multiple evaluation methods is recommended when asesasabilifyttof software tools, such as CF
calculators, as the strengths of one approach can compensate for the limitations of another, providing a
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 wt
system can be used (Bevan et al., 2015). However, there is no single universally accepted definition |
literature, as usability is a angttfd concept encompassing numerous dimensions, making it difficult to
capture comprehensively within one definition (Lewis, 2014). Usability is regarded as a general qual
appropriateness; however, it cannot be evaluated in isolation andssedtioghass defined context
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that specifies the intended users of the system, the tasks they will perform, and the characteristics c
environment in which it will be used (Brooke, 1996). The International Organization for Standardization
def i nes toheseatdnt td whiclya sgstem, iproduct or service can be used by specified users t
achieve specified goals with effectiveness, efficiency and satisfaction in a specifiéd cqntexd @ use
2018).

Based on the ISO definition, usability is measured through three components. Effectiveness refers t
extent to which users can successfully complete tasks accurately, completely, and appropriately, refle
the quality and outputs(Bevan atals 2015pKortum & €eres,2@14).eEffidescy
relates to the number of resources required to complete a task, including time, human effort, costs,
materials (1ISO, 2018). Together, effectiveness and efficiency assess thmaneeatifibef@ystem
(Bevan et al ., 2015) . Satisfaction concerns
acceptability when interacting with the system (Corsini et al., 2012). For a system to be considered |
usable, it must perforef across all three dimensions. For example, a user may successfully complete
task (effectiveness), but if doing so requires excessive time, cost, or effort, or results in dissatisfactior
the process, the system would still be regarded asvhasabgity, 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 add
criteria have also been applied in the literature (Goundar et al., 2024; Bevan et al., 2015). For exar
ISO/IEC 25010 (2024) decomposektyigabi several measurable attributes, including appropriateness
recognisability, learnability, operability, user error protection, user interface aesthetics, and accessi
Similarly, Nielsen (1994) conceptualises usability through fiveekeyeatmdhitity, efficiency,
memorability, error reduction, and satisfaction. However, this broader conceptualisation of usabili
typically associated with the testing of software products and tools rather than systems as a whole (Sa
Saha, 2017Almazroi, 2021). Nevertheless, it is common practice to extend the core measures ¢
effectiveness, efficiency, and satisfaction by including learnability, which refers to the time required or
with which typical users can learn a system and agtié@ndevel 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 typi
measured through task completion times and task success rates, respectively (Kortum & Peres, 2014; |
2018). In contrast, satisfaction and leaarabddpsidered subjective components, as they depend on
usersobdé perceptions and experiences and are th
et al., 2023). These dimensions are highly sensitive to the context of use, inclodlingefregaency
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,
observational techniques, with questionnaires being the most established and frequently used me
(Blattgerste et al., 2022). Usability questionnaitbsesr¢ypks: standardised usability questionnaires,
heuristic evaluations, and custom questionnaires (Sagar & Saha, 2017). However, standardi
guestionnaires are more reliable and robust than the other two approaches (Lewis, 2014; Wang et al., :
A gandardised questionnaire refers to an assessment instrument developed for repeated use, featuri
predetermined set of questions arranged in a fixed order and format, accompanied by explicit guidelin
deriving quantitative metrics from resparemtss (Lewis et al., 2015). Developers of such instruments
routinely evaluate their psychometric properties through assessments of validity (the extent to whi
guestionnaire measures what it claims to measure), reliability (its consistemogntf, raedsure
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sensitivity (the extent to which independent variables affect measurement) (Greene et al., 2016). In ad
standardised usability questionnaires are designed to avoid different types of bias (Lewis, 2014). How
standardised usability questionhavesbeen criticised for their limited adaptability, as deviations from
their original design, such as changes in wording, scale length, or intended context of use, can compr
their validity and reliability, potentially leading to invalid mstitte{@ra 2017; Felipe et al., 2023).
Nevertheless, research has shown that robust standardised usability questionnaires are able to tolerate
deviation from their set guidelines (Lewis, 2014).

HodriemndFernando (2021) identified 14 standardised usability questionnaires that vary,in their featur
includinghenumber of statements, scale, level oladetdaingth. For examiiieComputer System

Usability Questionnaire (Lewis, 1995) is a lengthy, detailed questionnaire that consists of 16 staten
evaluatedna 7point Likestale and siitable for providing diagnostic insights into where exactly a system
is failingThe System Usability Scale (SUS) (Brookgijsl@8tderatelgletailed questionnaire that
contains 10 statements sconatl 5point Likedcale angrovidesar el i abl e overvi ew
usabilityTheUsability Metric for User Experience (UMUX) (Finstad, 2010). dedléMIsX20E3e

short questionnaires of 4 and 2 statements, respectively, assgssed bikertscaeadideal for

agile environmerlightweight trackiagd quick pulse checks.

Despite the availability of numerous standardised usability questionnaires, the System Usability Scale |
is one of the most widely adopted instruments due to its ability to assess a broad range of products, ser
and systems (Gao et al., 202@0®, 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 ¢
guestionnaited beenited,015 timgshregimesmore than its closegalLewis, 2018). Its popularity

stems from its brevity, ease of completion, and balanced mix of positively and negatively worded items,
helps reduce response bias and improve objectivity (Rotaru et al., 2024), making it an effective measu
practioners and researchers (Gao et al., 2020). In addition, the reliability and adaptability of the SUS |
been tested, with results demonstrating excellent reliability, with coefficient alpha typgally exceedin
(Lewis, 2018). It has also been shown to be insensitive to minor wording changes (Bangor et al., 200
the use of glbsitive or mixemhe statements (Sauro & Lewis, 2011), and to the omission of a single
statement that does not fit the measticemixt (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 larg
small sample sizes (Lewis et al., 2015; Lewis, 2018).

Researchas shown that there is a strong correlation between the SUS questionnaire and effectivenes
thesystem levaheasured througkk success rates (Kortum & Peres, 2014). Howexesalsiitg
guestionnaire does not negate the need for comprehensive usability testing to ensure robust valid
(Johnson et al., 2022), as the SUS questionnaire only provides quantitative data on the usability of a s!
and doesot provide insigitowhich aspects of the systead improvememthow best to improve
them(Klug, 2017). Therefore, it is important to earsbhbility questionnaineh ashe SUSand the

three 1ISO metrics of usability, with additional qualitative methods, sucloamintarpevate open

ended questions to gdietter understanding of the performance and overall usability of the tested syster
(Fathiyyah et,@022; Johnson et al., 2022).

Researclguestions
The aim of this study is to evaluate the proposed CF methodology and tool for NO@&iby assessing
usability and practicality. This will be ablyi@wedering the followigearch questions (RQs
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- RQ1: To what extent does the proposed CF standard methodology and tool meet accepted usal
standards as measured by the System Usability Scale?

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

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

METHODOLOGY

Most existing studies evaluating CF methodologies and tools have predominantly relied on either conct
proposal without empirical testing, or case studies conducted by the methodology developers themsg
Case studies have been widely employedi@dat@nw approach, offering insights into technical feasibility
and calculation accuracy (Griffiths et al., 2024; Issa Zadeh et al., 2023). However, when testing is unde
solely by developers, it may introduce bias and fail to capture thewysraimsand contextual
challenges encountered by independerseendh practice (HaraogbSzigeti, 2017; Spandonidis,

2025). Furthermore, studies that do develop supporting tools rarely differentiate between testing
methodological soundness of the underlying approach and evaluating the usability of the tool itself (see !
Pla et al2021; Loyarepez et al., 2020). This distinction is critical, as methodological rigour does no
guarantee practical usability, nor does tool usability ensure methodological robustness (Xia et al., 202!

The overeliance on develofest case studies and the conflation of methodology and tool testing have
constrained a comprehensive understanding of how CF methodologies perform when applied by real
in authentic contexts. Harar@&zigeti (2017) and Xia et al. (2025) have therefore dideosifited)

evaluation approaches beyond dewaopected testing, recommending the active involvement of
intended engsers through both qualitative and quantitative methods. Such engagement enables system
feedback on usability, clarity, andl @ffeetiveness. To address these gaps in the literature, this study
employs standardised usability questionnaire (the SUS), complentprabitive method (semi
structured interviews), to ensure that the proposed CF methodology and tool are both technically robus
practically usable for their intended users.

Thesystem usability scale

The SUS is a simple;item standardised questionnaire widely employed to obtain a global, subjective
assessment of perceived usability (Brooke, 1996). It is typically administered after respondents |
interacted with the system under evaluatia@foteutiby debriefing or discussion, with respondents
instructed to record their immediate responses to each item without prolonged deliberation (Brooke, 1
It is a Hpoint Likedcale instrument in which the statements have been carefullyesslaethdtto
respondents read each item and actively consider their level of agreement (Brooke, 1996). The !
guestionnaire employs alternating positively and negatively worded statements as a strategy to mit
response biases, such as extreme response biagieszkaceq bias, the tendency for respondents to
agree with statements regardless of content (Lewis, 2014). By alternatingaquectes@ing8ents

to make a deliberate cognitive effort for each item and may also help researchers identify inatter
respondents (Kortum et al., 2021). However, evidence suggests that intduneiritemsxedn

introduce greater problems than thes&stts resolve (Chyeh@l., 2018). This approach has been
associated with reduced internal reliability, distorted factor structures, and increased complexity in c
cultural interpretation (Lewis, 2018). Furthermore, respondents may find it difficult to adjust their resf
patterns when alternating between positively and negatively worded statements, increasing the likelihc
inadvertent errors, while researchers may overlook the necessary sseprihgavegsdively phrased
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items, resultimyresponsaiscodingBottof these mistakes can lead to more detrimental results than the
response biases such wording is intended to mitig&éd®e)@011; Lewis, 2018).

The SUS has demonstrated flexibility to minor wording changes and statement tone changes. The or
SUS st at eme n tsgsterh a acancbérdode wor dt @t ement 8. Rese
repl aci ngstetbheviwdhr dshefi product, service or the
t h e owmberdordé vaiwkwaml fit o c | ar i f yEngtish speakeesghadiidergicalfresuits n o |
to the original SUS version (Lewis & Sauro, 2009). Similarly, in the original SUS version, the five
statements are worded with a positive tone and the five even statedeshisitre wegative tone.

Studies examining the effects of substituting the negatively phrased items on the SUS with positively pt
ones found that the different versions did not lead to variations in response bias or the strength of respc
However, it did reveal thatrthmal version resulted in more errors from both participants and researchers,
seemingly because of the shift in tone between iten& L({Sais,02011; Kortum et al., 2021).
Furthermore, since theaditiv&SUS relies on the same core psychometric properties as the original tool,
the final numerical score behaves identically. Sauro and Lewis (2011) demopssies a6 all

scores yield mean values and distributional properties identicalaioetiosghotbte original SUS,
confirming the psychometric equivalence of the two forms. Therefore, e8tkSthediegl0Ro 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 spe:
as well as the need to avoid potential errors by both participants and researchers wioae using mixed
statements, an-pdisitive version withg@nEnglish was used to evaluate the usability of the CF
methodology and tool (Table 1).

Table 1. The SUS statements adapted from Sauro @0d Lewis
The SUS statements
I think that | would like to useéRkhmethodology and fregjuently.
| found th€F methodology andtimble simple.
| thought the CF methodology anetaehsy to use.
| think that | could useGRemethodology andwatiiout the support of a technical person.
| found the various functions @Rmeethodology andwesk well integrated.
| thought there was a lot of consistencginnttethodology and tool.
| would imagine that most people would learn tGRisect®dology and veoy quickly.
| found th€EF methodology andyeoy intuitive.
| felt very confident usin@Cthenethodology and tool.
| could use tl&F methodology andwaitilout having to learn anything new.

Each statement is designed to measure a perceived attribute of the system: statement 2 assesses perc
complexity, statement 3 perceived ease of use, statement 6 perceived consistency, statements 7 ar
perceived learnability, and statement 9 cenfidese (LevdisSaurp2018)However, the creator of the

SUS has emphasised that it is a unidimensional measure of usability, as scores for individual statemen
not meaningful in isolation (Brooke, 1996). Nevertheless, research has shown that the SUS can be di
into wosubscalesisability and learnability, with statements 4 and 10 aligning with learnability, while tr
remainingighstatement®latgo usability (Sharf@&&antos®017). Moreover, the SUbarised

to evaluate five subfacelfectiveness (statements 5 & 6), efficiency (statements 7 & 10), engagement
(statements 1 & 8), error tolerance (statement 4), ease of use (statements&ff& 83yasthsethent

9) (Wagner, 2023). Despite the ability of the SUS to be istibdliffdesht scalése usability and
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learnabilityubscalesemain the magtmmonlgippliedy researcheamdpractitione(Sagar & Saha,
2017; Magbool & Herold, 2024).

The SUS has demonstrated its ability to produce reliable results with small sample sizes (Brooke, 2
Nielsen (2012) argues that administering the SUS with as few as five participants is sufficient to ident
many usability issues as would beedetettt 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, :
with no significant differences observed between the lower and upperaemges (afrtanou et al.,

2015).

SUS scores range from 0 to 100, with each statement rated on a scale from 1 (strongly disagree) to 5 (st
agree). The total score is calculated by subtracting 1 from the -sconbereddgbositively worded)
statements, subtracting the scorereflenbered (negatively worded) statements from 5, summing the
adjusted values, and multiplying the total by 2.5 (Brooke, 1996). However, when all statements are pos
worded and scored on the salscale, it is only necessary to subtract Icir@tasnent score, sum

the values, and multiply by 2.5 (Sauro & Lewis, 2011). Higher SUS scores indicate better usability (Lie
al,2018). However, the original version of the SUS does not provide guidelines for interpreting the sc
Bangor et al. (2008) developed an absolute grading scalel®dh 2 889, C: 79, D: 619,

and F: <60 to help inteiptES scores, while Sauro and Lewis (2016), using the same dataset, carried thi:
work forward by developing a curved rather than an absolute grading scale. This curved grading ¢
produced an average SUS score of 68, which was intentionally pesiapdrdaf the scale (grade
C),andwhich would hagerresponddd grade D under the absolute grading system (Mol et al., 2020).
The scale includes 11 distinct grade Dabld®)( offering greater granularity than the absolute grading
scaleand has become widely adopted in industry practice for assigning letter grades to average SUS sc
(Lewis, 2018).

Table 2. The curved grading scale for assigning the SUS scores (Sauro & Lewis, 2016).

ggosre 106 | 84.0 | 80.7 | 788 | 772 | 740 | 725 | 7% | 64.9 | 62.6 | 51.6
oo | 841|808 | 789 77.2| 741 | 726 71.1| 650 627 517 | 0.0
Grade | A+ | A | AT | B+ | B | BT | c+ | ¢ | ci | D F

Based on SUS scor@gstem usability candssigned grades ranging from F to A, with the following
interpretations: F (inadequate), D (below ave@igeB ©69dandA (excellent).

Semistructured interviews

Within qualitative research, interviews are the most commonly used data collection method (Thelwall &
2021), witkemistructured interviel8$I1s) being recognised as the most effective interview technique for
generating-otepth, contextually grounded data (Eppich et al., 2019; Bearman, 2019). Longhurst & Johns
(2023), define SSls as a verbal interchange (conversation) betweerhevinieeoiger and the
interviewee, where the former seeks to elicit information from the latter through predetermined, yet fle
guestions.

SSis can be positioned along a continuum between structured interviews, which are fully controlled v
rigid set of questions asked in a fixed order and limited interviewer flexibility, and unstructured interv
which lack predetermined questioascamaided more freely by the interviewer (Clifford et al., 2016). SSls
offeithe advantages of both interviewttypéexibility of unstructured intenwvieere interviewers can
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adjust questions, rephrase, introduce newrtqpricsue unexpected but valuable lingsigbased
on the interviewee's responses, while at the same time following an interview protocol or guide to ensut
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
prerequisites for using SSIs; (2) retrieving and utilising previous knowledge; (3) formulating the prelin
SSI guide; (4) pilot testing theiaweguide; and (5) presenting the complete SSI guide. Simifarly, Castillo
Montoya (2016) proposes sstage Interview Protocol Refinement Framework to systematically develop
and refine interview protocols, which includes: (1) ensuring intersiehgguaghioesearch questions;

(2) constructing an indaérsed 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 ot
offerig 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 rig
data collection method for addressing the research questions (Kallio et al., 2016). SSls are particularl
suited to exploring partitipgrd6 | ndependent t hought s, -endeslr cept i
guestions and probing techniques (Cridland et al., 2015; Newcomer et al., 2015). They are also appro
in contexts where participants are direct beneficiaries of the ser@cet(&le\20d®), and for research
guestions focused on how a service or tool is currently performing or how it can be idproved (Ade
Olatunde & Olenik, 2021).

The aim of the second stage of retrieving and using previous knowledge is to develop a thoro
understanding of the subject through the critical appraisal of existing knowledge. This is achieved thr
conducting a literature review, which formsstha tasiinterview framework (Kallio et al., 2016). This
allows the identification of relevant and broad areas to be explored during the interview, which are
refined into smaller, more manageable categories by grouping similar themes lgeforéhproceedin
formatting and refinement of the questions (Naz et al., 2022).

Formulatintpe preliminary SSI guide is the third stage. An interview guide is defined as a set of questic
used to steer the conversation towards the research topic during the interview (Smulowitz, 2017). How
the structure of an SSI guide is designeceamm ffiexible in order to facilitate dialogue, change the
order of the questiarsdmovesasily between questions (Maskal;i 2022). The quality of the interview

guide affects both how the interview is conducted and how the catksmedydath(Cridland et al.,

2015). Therefore, the questions it contains should be-foatusdoanideading, clearly phrased,
singlebarrelledand opeended (Manouchehri et al., 2022). This encourages participants to give answer:
that are spontaneous, detailed, distanudiwevid, helping to generate the richest possible dataset (Kallio
et al., 2016). Nevertheless, ensuring that the interview questions align with the research questions is
consideration, which can be verified by developing a matrix that enapgiestens to the
corresponding research questions (Mastilbya, 2016).

A weldesigned SSI guide should be prepared in advance and organise questions around the main the
the interviewer aims to cover, with an appropriate balarap gifestions and probes (Mashuri et al.,
2022). In addition, interview questiond bhophrased differently from the research questions and
structured in line with the social norms of everyday conversafiton{GgestiR016). All participants

should be asked about these core themes in a logical and progressive orderquastidoiused

to clarify key points, maintain the flow of conversation, keep the discussion focused, and elicit accurat
comprehensive responses (Kallio et al., 2016). Verbal probing techniques such as echoing (repeatin

298 |20B|ISSUR| VOLUME © 208 ARD Asociacion Espari



Aqgad, Y.UUsability of a carbon footprint tool for National Olympic Comnfitestainability and Sports Science Journal

participantos point), vheurhbbgl, aagirde eéoma nti n(ge .(g.u gt
of certain information), alongsideenoa silence, can be used to encourage participants to elaborate
further and provide deeper ingiyhiting, 2008).

The fourth stage involves pilot t#stiB&| guide. This is undertaken to assess the coverage and relevance
of the interview questions and to allow for any necessary revisions, adjustments, or rewording pri
implementation, thereby ensuring the quality of the collected dat2(K#l)ioBst simulating an actual
interview, this stage provides an opportunity to test the interview guide in terms of question order, inte
duration, and whether participaméble to respond effectively, as well as to refine elements such as
rapport building, the interview process, consent procedures, setting, récakieg]rgfdstillo

Montoya, 2016). Pilot testimipe performed in three different ways: internal testing, expert,assessment
and fieldesting (Naz et al., 2022). After completing the previous stages, the final staghds presenting
completed SSI guide.

Although the limitations of SSis include bearyiti@sourdatensive, the potential for interviewer bias,

and the requirement for specific interviewer skills (Newcomgr tbesle, @tdltEenges can be mitigated
through several approaches. Software that enables recautangatidicaptioresn reducthetime
andresourcerequired for transcribinigrviews (Siedlecki, 2022), while interviewer bias can be minimised
through reflexive practices, such as taking
experiences, values, and position may have influenced the proteset(@hir2822). In addition,
interviewing skills such as active listening and rapport building can be developed through the use ¢
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 NOCsjribkisiaaniterion waseinga staff member of

an 10@ecognised NOC, regardleswhafther the organisation had prevemgdged with CF
assessmenéll participants recruftedthe study were active staff members from differemitiNOCs

some or nexperience @fF assessmeatnd heldustainability seniomanagement roles within their
organisation$he final number of participead$4, which is more than adequate to yield reliable results

for the SU&s the recommended sample size ranges from 6 to 14 participants (Binyamin et al., 2016; Le
2018), while for SSls the recommended sample size to reach saturafiotheviesvanformation is

obtained, is betweerah@l15 (Mustaffa et al., 2022).

An initial email was sent to participants containing the purpose of the suzdgrettelddthem.
Aftemparticipants agreed to take part in the study, a second email was sent containing a breakdown o
studyphasesin phase opngarticipants tested the CF methodology andh&obrganisationsy

completing a full or partial CF assessraeatperiod 4if6 weeks. Phase tingolved completihg

SUS questionnaire aaking part ia 3060 minutenterviewTheemailalsocontained the following
attachments and documents: the methodology marceliotheth@articipamformation sheet (R1S

and the consent form.

The PIS informed participants about the purpose of the study, the voluntary and anonymous natul
participation, the right to withdraw, and data protection. The consent form reiterated the voluntary nati
participation, withdrawal rights, and appaychisought permission to record the interviews. Written
consent was obtained through an online consent form, and verbal consent was sought before recordir
interviews and reconfirmed after recording had begun.
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The System Usability Scale

Aftemparticipants completed the testing phase, they were@sipdetéioe SUS questionnaire before

the interview took place, with respondents instructed to record their immediate responses to each item v
prolonged deliberation (Brooke, B&@glusearticipant&erelocated in different time zoaasto
facilitatedisseminatipithe questionnaire waastedon an online platform. The first pathe of
guestionnaiiacludedhe conseribrm stating the anonymity of the study apchtinet i rghtmant s 0
withdraw before the daémeanonymised, as weliretructionsn how to complétequestionnaire.
Participantsould not move to the next page without signing the conseickomonkeaiding their
understanding of the instructions. The followocuniaagethe 10 SUS statements o#pairt Likert

scale. The final page asked participants for the name of their orgasisatisinafieese only), their

job role, years of experigmue any previoesperienceith CF assessment.

Semustructured interviews

The SSIs were conducted online, dsface interviews were not possible due to participants residing in
different geographical locations. The interviews were carried out using the Microsoft Teams communi
platform, selected for its featuresjimhideo or audio recording, no time limits, live transcription, and
data encryption (Azhari et al ., 2022 yusedoThe pl
enable the interviewer to remain fully engaged during the interview and to support a natural flo
conversation, while also redti@rtgne and resourassociated withetranscription process (Adéoye
Olatunde & Olenik, 20dmediatedfter each interview, the recording was reviewed and the transcription
was checked for accuracy and consistency against the recording (Lu et al., 2024). During this proces
transcripts were anonymised by removing any identifying informatioparitgtadts (Adedye

Olatunde & Olenik, 2021). In total, 14 interviews were conducted, ranging from 40 to 75 minutes, wi
average duration of 55 minutes, in accordance with the interview guide.

The intervieguidenvas developed basedhenframeworks proposelddiljo et al. (2016) and Castillo
Montoya (20L&s the aim of this study is to assess and improve the usability and practicality of th
proposed CF methodology anddothe perspectives of participants, who are the direct beneficiaries of
the proposed CF methodology antiigadigns witthe prerequisités using SSIs aslata collection

method (stage 1) to answer the research questions. A thorough understanding of the subject was deve
througlthe literature review arsightgjained from previous studies (stage 2). This helped in formulating
the preliminary SSI guide (stage 3). In thisvstagportaobnsideratiomgere observeehsuringhat
theinterview questions alignedhdtiesearch questions (8¢@endii) and constructing an inquiry

based conversation teflectethe 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
comprehension (Casiilimtoya, 2016). After the revasacompletenhd feedbaakasimplemented,

the SSI guide was pilot tested (stagk tresport sustainability practitioners with characteristics similar
tothose ofhe participanitsthe 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
AppendiB).

Data analysis

The SUS questionnaire datacalculated based on positively worded statements by subtracting 1 from
each statement sca@nminghe values, amdultiplyingy 2.5 (Sauro & Lewis, p@hill the scores
werenterpreted using the Curved Grading Scale of Sauro and Lewis (2016). In addition, statistical ana
was conducted using asaraple-test to assess whether the mean SUS scores differed significantly from
the midpoint value of three (onpgbetlkert scale) for each individual SUS item, as well as for the
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usability and learnability constAgcthis involved ten separatdeteshcomparisons in addition to the

two subscalevel comparisons, a HBtmferroni stefown correction was applied to tHevtests

to control for the increased risk of Type | error associated witgni#gaatszltesting, with corrected

and uncorrectedvglues reported alongside one another for transparency (Holm, 1979). The interne
consistency and reliability of both construct

The SSI data were analysed dedudteaking on specific topics of interest guided by the research
questions, using the framework for thematic analysis proposed by Braun and Clarke (2006). The prc
began with familiarisation with the data to develop an overall understandihgw@tby coasnipl

according to the previously defined main themes, which was used to identify relevant extracts fron
transcripts. Similar extracts were grouped to-fbemssinder the main themes. These themes were

then reviewed to enghedthey accurately reflected both the coded extracts and the entire dataset. Finally
directquotes from participants were used to support each theme. Supplemémpiaendiadle (
presents representative raw quotes alongside their assignedimdes, and themes, illustrating this
coding process in full.

RESULTS AND DISCUSSION

The System Usability Scale

Table 3 shows how each participant scorgt Sstattement, whilabled presentthe SUS score for

each participant and the average overall SSresat respondents. The CF methodology and tool
achieved score @8.4 on the unidimensional overall useddgitylacingust above the SUS average

score (Sauro & Lewis, 2016; Sauro, Dti¥d¢ore can be interpreted in four different ways (Figure 1)
(Sauro, 2018).he CF met hod ol nagnaiigofoda ctce@lt ad gobdfarg [ an
descriptive adjectives (Bangor et al), 200gradé ¢ theturved grading scale (Sauro & Lewis,
2016), passivewedn talse fNet Rvhidmeadures loyakycand satisfdctior 18/) ,
asking usewhether theyould recommeth@ésystem to other users (Sauro, 2018).

Table 32 a r t i indivigual B Sssdores 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
are no directly comparable applications. The closest comparisons include a usability evaluation c
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integrated Life Cycle Analysis tool (Qiang & Pa, 2024), which reported an SUS score of 50, anc
assessment of MS Excel (Kortum & Bangor, 2013), which scored 54.4, both below the acceptable ave
A conceptually similar tool, a mobile applicatiotmafckiigf; achieved a higher SUS score of 82.5;
however, mobile applications typically attain higher usability scoreshiasaddesiksof)/lachogianni

& Tselios, 2022; Wetzlinger et al., 2014). More broadly, suslatiedbdiys and appbcatreport a

wide range of SUS scores, ranging from 59.5 to 93.25 (e.g., Yonata & Purwarianti, 2017; McGlinn €
2017; Aresta et al., 2024; Oshidero & Coley, 2026). Lewis and Sauro (2021) further argue that, v
achieving an SUS score of arounte@8ikde for many systems, it is less realistic for spbesgsheet
applications, such as the proposed CF methodology and tool.

Overall, the results indicate that the CF methodology and tool were perceived positively by particip
although there remains scope for improvement. To further examine usability issues with the CF methoc
and tool, the individual SUS items wgsedragainst the midpoint value.

Table 4. Statistical analysis of SUS statements.

Item Mean  twvalue df p-value Significant Holmadj.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. Holradj. p = HolBonferroni adjustedatue, calculated across the teffeitehtomparisons to control for Type | error inflation (Holm, 1979).
NPS: Detractor Passive Promoter
Acceptable: Not Acceptable . f.larlgma}L_ | Acceptable
3 oW g
Adjective: Worstimaginable Poor OK Goofl Excellent Best Imaginable
Grade: F D (o B A
| I S T — I — l |

sus score: 0 10 20 30 40 50 60 70 80 90 100

Figurel. Scale for determining NPS, acceptability range, adjective rating, anthtieed fade
Sauro (2018) and Bangor et al.)(2009

Thestatistical comparison between the SUS scores and the neutral midsbioivghaitieo$)SUS

items were rated significantly abtvedoathe midpoint benchmark, with the exception of statement 7,
whichremainedeutralTo account for the increased risk of Type | error arising from repeated significanc
testing across the ten individual items-Bdd@moni correction was additionally applied (Holm, 1979).
All items that were significant under the uncorrectedrémesied significant following correction, with
statement 7 remaining the solsigificant item under both the uncorrected and corrected analyses,
indicating that the observed pattern-Eviédmesults is robust to correction for multiples@usnpari
Analysis of the SUS usability and learnability subscales (Table 5) indicates that both were statisti
significant; however, the usability construct (M < A05) was rated significantly positively, whereas
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the learnability construct (M = 243)01) was rated significantly negatively. Internal consistency was
excellent for wusability (Cronbach678) (Haretal., 9 4)
2010), supporting theflmador structure of the SUS instrument. These findings suggest that, although the
CF methodology and tool are perceived as usablegnatdld, and confidanspiring, users
experience a notable leartyatiliden, particularly in terms of requiring technical support and learning new
content. This is also supported by thefoestdtement 7, which was not significantly different from the
neutral midpoint, a similar observation found in various SUS tests (Bangor et al., 2008), indicating
participants were undecided about whether the CF methodology and tool wanfchbéerbpigiyital

usersin contrast their own positive ratings of usability and confidence.

Table SStatistical analysis of the SUS usability and learnability subscales
Mean t-test
(vs.3) p-value

Construct  Items Cr o n b a « Interpretation

Excellent reliability, pos

Usability — Q1,2,3,5,6,7,8,¢ 4.05 <.001 .94 rating
Learnability Q4, Q10 243  .001 73 g‘;icnegptab'e reliability, neg

90~

80

~
o

SUS score
[« 1]
o
\ L]
l\\.
9,

50 4

—— Fitted trend (Spearman's rho = .99)

40 T T T T T T T 1
0 2 4 6 8 10 12 14 16
Years of experience

Figure. SUS score by years of experience (n = 14)

A Spearman raokder correlation revealed a strong, significant positive relationship between years
experience and SUS scores, r = .99, 95% CI [.975 100d],(Figure 2). A leaweout sensitivity

analysis, in which the correlation was recalculated after excluding each participant in turn, showec
ranging from .989 to .997, confitmaittige association was not driven by a small number of influential
observations. Participants with more years of experience gave significantly higher usability ratings for tl
methodology and tool, wddighswvith théindingef Kortum and Bangor (2013).

The statistical comparison of the SUS scotlesmidpoint resulsalso consideredongside the
finding$rom the sersiructured interviews.

Semistructured interviews

The main themesider whiclthe interview dateerecoded are the four usability components:
effectiveness, efficiency, satisfaatidnlearnability, as well as refinements and improvements. The
interview questiomere structuredound the definitions of the four usability components.
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Effectiveness

The CF methodology andiebroadly perceived as effeets/participants succeeded in completing

the task accurately, completely, and appropriately. This is also confirmed by the statistical analys
statements 5 and 6 (M = $.5000), which relate effectiveness (Wagner, 2023). However, across all
three suthemesdifferences emerdgativeen advanced aedinneusers.

Taskcompletion

Thisrefersfma r t i abilitypt@comptet@ the CF assestrtbeir respective NOCs. All participants

were able to complete the CF assesaltienigh the extent of coveraged dut experience and

data availabilityowelexperience users struggled to complete all c@ecpusesainclear inputs and

mi ssing dat a. For e x astff tommuting because $ donitmavdthaesurvey ¢
data Higheexperience users reported full completidagical structyes P5 completed all tabs and
highlightetheOAversuD G s e p a r raajoi effettivemess.v@eing unabte complete certain
categories is not a major coygethe proposed methodology does not adopt completeness as a guiding
principle.

Accuracy and credibility of outputs

Participanesxpressed confidetitat the calculated emissions accuefittyedeality. P13 stated that
fihe kgC& figures felt plausible compared to our previous consultant's relpaeseexperrenced
users did not show the slewe otonfidengas they had nothing to compamithets againstith

P12 sltfedt t gotnag oufput but was it the corf&Pantieipants with more experience showed
greater confideringhe accuracy ofthwputsy i t h P 3 tha autputsrietf braadilyectedibfie, though
| still checked a few emission factors against our owrorecétds soutputs &eltl wetrutaréd
and defensille a nd P 6 |#&ustedethe cadcdatiandamde | got used to the formula&tructure

Application of methodological components

Some methodological elementswedireceived by participaass theyconsiderethemuseful for
completingheir CF assessmeticuratelyt- o r eXxampl e, thePiatriality adhreshdldst h a t
(Beginner 20%) helped me justify excluding some smaler somckess | e P5 prai sed
boundary deci sion f | owc themostinriatve mart af the methceldlogy n a |
However, some of these methodological terms were too technical for intermediate and beginner particij
For exampl elegaPréasponsbilitg?taeddDirectirdiuencé?’ were too,abstwaetvak e P 1 0
confused by the 'Dynamic Materiality' ¢dditepigthese terms are eaplained the tool, they are

explained in detaithe methodology document. This indicates that the methodology and tool cannot b
separateds they complement each other.

Efficiency

Overall, participants perceived the CF methodologsss teficietttan effectivehis is supported

by the individual statistical storgtsitements 2 (MB86,p= .002), 3 (M = 3.p% .01%,and 8 (M =

4.07 p < .001), which relate to efficiency (Hertzum, 2026). Under this main theme, the thematic anal
uncoveretivosubthemes.

Time and effort required

This was highly dependent on prior experience and data readiness. Participants with less experience
that mogif their effort wegenfirying to understand what the sheetavanfe@cierking instrugtions

rather than entering déd.2). For more experienced participargsoportionality betwibeeffort

expended antlequ al i ty of output s fovatsol chthi€ sEqpe, thdwokload P 5
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was reasonable a nd Rifsviewycsthtioge bl #ort the filepth of reporting it requires, | found the
process efficiént

Participants found that most of the time was spent collecting the required data rather than using th
methodology and tool. Beginner and intermediate users complained alodlettioddedan, with

P4 n o tdata gatherihgassibwed everything downw Istatédeh eBtiéctifig data from different
colleagues took longer than the spreadsheet itseifthimdd 8h the daté collection side still took
considerableeffort I n contrast, mor ecolecighaden lessprabldmatcs er s
as Pl4tated h aetalrefidy track most of this. The tool didn't create new data buvdéatetiie P 9
have all our data in one place ar€hidyis consistent with Hertzum (2026), who suggests that users are
more sensitive to perceived workload than to task completion time when evaluating system usak
Beginner users tend to associate longer task times with their own learningtpeocesth nasadility

issues, whereas experienced users are more likely to link usability directly to task completion time.

Navigation i&put design

Participants agreed that thdillg@ emission factors and dropdown menus reduced input burden and
increased effici ency .thedekigneeducqnd anmdcessairy manvatwoiR @) g h |
fihe dropdowns and-geefactors reduced a lot of manual efforP prfilled faalorsiand dropdowns
reducedeffort (P13). However isomee st e qs t(ifPelibgpha tedisngde ttie It
required more clicking around than egpecfe® 6 ) . Current CF calcul atic
as they require repetitive and complex manual input for multiple variables, which can be mitigated thr
design features such as dropdown menus (Abbott et al., 2019). While dropdoesentheehusden

of user input (Quaglio et al., 2024), they can still be perceived as tedious and inefficient for frequen
(Paskaran et al., 2022) and may introduce classification errors when users lack technical knowledge (R
& Wibowo, 2025). Biglreless, given the wide variation in emission sources involved in CF calculations, tt
use of dropdown menus remains a practical approach to improving efficiency while minimising manual
(Espinoza Pérez et al., 2024).

On one hand, participants praised the methodological design of incorporativaskedthradtspiend

based appr oaheduatsethodragptoachigsertsiblég P 1tliie duataethdd approach

is essential; it reduces t hoe (OR¥ Flignsowith studigshi n g
suggesting that relying on a single approach may be insufficient for a comprehensive evaluation, anc
combining both methods represents an effective strategy for robust carbon accounting while also pro
a practical meanfscompleting a timely inventory and addressing data gaps (Kennelly et al., 2019; Broo
2025; Rosales & Dhakal, 2024; Xu & MacAskill, 2024). On the other hand, P13 highlighted a usability |
st at i hagng to flia to a separate (SB) sheet broke my workflaw t hough separ at
across multiple tabs in carbon calculators can create usability challenges, it also addresses the broader
of effectively communicating carbon emission data to users, which is the underlying purpose of sepal
conplex methods (Sternberg, 2023).

Satisfaction

Participants demonstrated a high level of satisfaction with the CF methodology and tool. This is reflec
the statistical analysis of SUS statement 1 (M < 4@9), indicating that participants would be willing

to use the methodology and tool frequently, and SUS statement@<{(M&LA.48)ich showed that
participants felt confident using them. Hosepamses wesérongly polarised by experience. Overall,
satisfaction with outputs was higher than satisfaction with the process of producinthtdraees Two sub
emerged from the thematic analysis.
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Satisfaction with CF methodology and tool

Participants found the experenseng the CF methodology and todirmeloépositivealthougless
experienced usexgpresseftustration at tim&egarding the methodology, less experienced users did
not criticisé, while more experienced ys@ised it agnore robust than the ad hoc methods many
organisations use ( Bslhdving &trong sense of methodologicalorigo(rBntlak feredible, well

thought through, and suitable fordNOCsP 9 ) . As f or t he t ahtktressfules s e
attimes ( fRugtrpting and a bit intimidatingaPn7ehodérately frustrating because [he/she] wanted

to use itindependently but kept needinghelp 1 2) , whi | e e x prefessiopatand d u s
appropriately detailed ( Fit¥oB gurpoédl ( P Sciedibleapracticah ( P 3 ) .

This suggests that the underlying CF methodology is broadly accepted across different user groups; hoy
the implementation tool may impose a level of cognitive load or procedural complexity that exceed:
unaided capabilities of novice users. ighss veith cognitive load theory (Sweller, 2011), whereby
experienced users possess automated schemas for structured analysis that free cognitive resource
recognise and wutilise the tool s affoasidances.
operations, increasing the likelihood of confusion and frustration.

Satisfaction with outputs

Participants were highly satisfiedhetlatputs for reporting purposes. More experienced users had
complete confidence in using the outpoth fioternal and external purposegi t h Pl st at i
Summary sheet is board ready. The pie chart by scope is perfect. | would present this to our Exec
Committeae, whi |l e P14 coolccedf i dantbothietéreardperte &hd when i

presenting to stakeholders for example the IOC ordunddre we v e r , beginner use
about using and sharing the outhtsuiglthis was attributed more to input data qualiya ttoaoh
design | i mit at liwouldn'tpssentthes®r8sults to anyane ghe prdbker is the quality

of the underlying data, not the preséntatoom d P 1 @& was ceally anggp it rhyadamfort with the

data, not a fundamental flaw in the taol itse@flactascommon understanding in carbon accounting

the quality of reporting is fundamentally linked to the quality of the underlying data sources used to con
emissions inventories (Baehr et al., 2024).

Learnability

Participants perceived learnasilitye least positive aspect of the CF methodology and tool. This was
reflected in the statistical analysis, where the two statements associated with the learnability cons
received the lowest scores among all SUS items, with statememt4 .03) 215 statement 10 (M

= 2.36p= 002) both scoring below the midpoint benchmark, while statemem ¥ (B48)8ckived

a neutral score. These findings indicate that participants did not perceive learning to use the CF methoc
and tool as straightforward. The thematic analysidhdeedifl#tiemes.

Complexity level

All participants felt that the CF methodologyvaeickdbtthe upper limitcoinplexitgutdeemedhis
appropriatgiventhe seriousness and comprehensiveness of CF as&sgmesto-intermediate
participants found it more chal |l engdesiggedbywi t h
experts for expdrts  w mateld thditRvds actually a bit too advanced, especially for a beginner like
me 0 Experienced participants appreciated the
struggle with @s P3 mentiongil's exactly what's missing from the GHG Protocol for a sector like sport
but | have 12 years of experience. | worry for the dagohigeiterated h a begirfner would

struggle without significant support
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This consensus suggests that the complexity is not accidental but deliberate, reflecting the demanding |
of the assessment context (Du et al., 2024). However, the subsequent divergence by expertise level re
a potential exclusion, iiglicating that novice users may face a steep learning curve.

Learning curve

The initial orientatiothe CHnethodology and tool differed between partiexpanisncquhrticipants

quickly understotbees t r uct ur e and began dat a elpitkedyitup mmed i
fairly quicldyP6( al wabk erfiering data within five minutés¥hi®e )less experienced participants
required more time to interpret the methodology, understand the spreadsheet structure, familia
themselves with the tabs and workflows, and consult the guidance materials. Reflecting this, partici
made commenssich asi needed time to get going, espaand@érstandindpe more technical
methodological teams ( Rt 1o6k)me a while of clicking through tabs to see the pat@nbii® ) |,

spent considerable time reading the Index & Data Quidg sReét) .

However, ool learning aids such as the dropdowns;art#dwsells and the Index & Data Guide sheet
were consistently valued by all participants and helped with improving the learning curve for s
participants, thedropfolvi’s werevery aseful. & rtecodiolgrevds usiful after |

read the Introduction sheet P 3 h i ghb dropdotvris ardl theé doladied célls are critical for
learnability, a nd PtBe guide tinel dtrudtuneantde the learning procese easier

Participants believed that competency withngtied@dBlogy and tool would improve substantially through
repeated use and continued exposure. They felt that the consistent structure of the spreadsheet and reg;
annual application wauidportetention and reduce fututeamming efforts. Participants indicated that

fa user would build competency owver tirhéRedopl’'s cofisistestructure really does help reinforce

A

familiarity ( &tliad me t abs, same | ogi dermrstentioh g Ptlgol 6s b

Overall, the GRethodology and tool impose a steep initial learning curve for begisitieeysees

not entirely selkplanatonAs users build competemartime,the design and structuréhefCF
methodology and tool appear to be optimiseditiadinailse rather thamitial encounter. It is common

for theorientation phase of encountering a new systiomiodted by learnability concerns (Dirin et al.,
2023; Karapanos et al., 2009); however, these initial concerns may haterhimstgdifimagce, as

user experience evolves over time through the ongoing relationship between the us@ajadbthe system
et al.,, 2019). Nielsen (2010) distinguishes betwepandalie systems (e.g. museum information
systems) and professional systems, such as the propostedOegy and tool, arguing that
professional systems may involve a steeper learning curve. However, once users overcome the i
learning effort, performance levels can become substantially higher, retiffdiietyva¢rahétial ease

of use amhthe lonterm performance potential offered by professional systems.

Priokknowledge requirements

Participants reported that successful use of the CF methodology and tool required some foundational
knowledge, particularly in carbon accounting concepts and terminology, GHG Protocol scope classifice
and basic Excel functionality. Althoughidhace materials supported users throughout the process,
participants felt that complete beginners would struggle to use the system independently without i
training, technical guidance, or prior exposure to sustainability reporting. R&t éRkplalied t

met h odol cagsymesacdrtaih levellof fafiliarity with carbon accountiag coneelpts | e, w
asked about dr awi ng odquite@iof, lmonestli. Wihaut thad fgundatio®, 6he a n
tool would be very confésing and P2 alot. Moulneed tb know what Scope 8, 2,/and 3 are,
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or what an emission factorisThi s was further r ¢histodl snat erda by |
complete novice without support. It assumes you understand the GHG Protocol'sccategorisation

Since the CF methodology andi¢oedeveloped as tailored adaptations and improvements of existing
methodologies and prior knowledge, the use of common terminology such as scopes, boundaries,
emission factors is necessary to maintain alignment with existing practice andrpye@erisaf&milia
AlQouz2023). This reduces the need for users to learn entirely new terminology, which could otherv
further steepen the learnability curve for both novice and experienced users alike (Forsey et al., 2(
Eleftheriadis and Anagnostopoulou (2024) sthieyldieéiberately avoided using CF terminology in their
tool because doing so would require additional user training and potentially discourage adoption. How
they did not provide evidence demonstrating that this approach improved [ nesaibtityifer

tool.In contrast, Rodrigu@nenez et al. (2025) incorporated common CF terminology into their tool for
emergency departments and found that this did not negatively affdetamsability,@s participants

with no specific CF knowledge or experience were still able to use the tool effectively. Furthermore
concern that novice users would struggle to use the CF methodology and tool was primarily raise
experienced partaoifs, 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, efficie
satisfaction, and learnability of the CF methodology and tool. Although most participants viewed
methodology and tool positively overall, the siefgestexhts primarily focused on reducing complexity

for less experienced users, improving workflow efficiency, strengthening validation processes, and enhze
user guidance and feedback mechanisms.

Several participants proposed refinements to improve the quality and accuracy of the results product
the methodology and tool. One suggestion was to allow the uspetifowermgsion factors instead

of prepopulated emission factors. Forexamp P 3 r e ¢ o mme nnguetdeir awin toonyy n g u
specific electricity grid facilor not i ng t hat the default UK el ecH
operating in other countries. This is a valid refinement that enhances result accuracy; however, the
already accommodates such customisation, as all emissiorafactseeditsble, allowing users to
overwrite the default emission factor values with their ovan sapptrgpecific factors. Participants

also highlighted the need for stronger validation mechanisms to reduce user errors. P7 suggested th:
tool should automatically flagimi semigpeorai a@ o
blank for a material source, the Summary sheet shoulddlag it in red

Beyond the specific case of editable emission factors, P3's comment points to a broader consideratic
the international applicability of the CF methodology and tool. As the methodology and tool are intend
deployment across a globally diverdatioopof NOCs, the-populated default values, largely derived

from UK sources such as DESNZ and DEFRA, may not consistently reflegritieledeatrieiigtics,
regulatory reporting requirements, eaveddadility conditions of NOCs apgenatother countries.
Electricity grid emission factors in particular vary substantially between countries depending on the unde
generation mix, and organisations operating in jurisdictions with limited access to nationally published fz
or wit less mature emissimorting infrastructure, may face a greater burden in sourcing appropriate
replacement values than the customisation feature alone can resolve. Similarly, differences in natior
regional regulatory environments may shapdavbi@fashisations are able or required to collect, which

in turn affects the completeness and consistency of CF assessments across the NOC population. \
allowing useditable emission factors provides a mechanism for adaptation, it dogsia@riigetself
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that all users have equal access to the-specifiy data needed to exercise this customisation. Future
refinements of the methodology and tool could therefore consider incorporating a curated library of regi
appropriate default factalsngside 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 associate
using the tool. One of the most common suggestions involved simplifying the spreadsheet structure
reducing the number of tabs. Particgatitatfhaving separate sjppaseéd sheets for each emission

source created unnecessary complexity and interrupted workflow continuity. Reflecting this,

recommended consolidating dypeesstl methods within the main dctevisgye d s h e edmsll, by ad

collapsible spebdsed fallback section at the bottom of thednain tab

Participants further highlighted several improvements that could enhance the overall user experience
satisfaction associated with the methodology and tool. Less experienced users, in particular, expres:
need for clearer feedback and reassurangeargucompletion process. P12 recommended introducing

vi sual compl et i green checkinark atf dreg, fswmdl hasngaaftab,
o f tnever suie if [they were] finished Par t i ci pants al so suggested
uncertainty assessment outputs. Al tPooouyghs ounsee r

participants perceived the wordindgooaswdt Bcmar
construct i v dlecdsdmprobvemipt, asl uocnhg saisd el gui dance expl a
their data quality scores.

In addition, participants identified several refinements aimed at reducing the learning burden and impr
accessibility for beginners. A common recommendation involved providing more interactive onboardin
training supportbDem®PRalapf oposedni nbaudwogl d pop
example data, allowing users to understand how information flows throughout the spreadsheet be
entering their own data. Similarly, P5 recommended developing a short introductory training vi
demastrating the overall workflow of the methodology and tool, including navigation between tabs,
purpose of colexoded cells, and the relationship between OA and OG reporting. Participants believed tt
these additional support materials wouldusilyniéduce 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
generally perceived as comprehensive and professionally designed, improvements are required to ent
accessibility, reduce user burden, and sgppexpégienced users. Many of the proposed refinements
focused not on changing the underlying methodology itself, but rather on improving usability, guidz
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 \
the findings can be generalised beyond the study context. Although small samples are common in us
evaluation research, particularlg vadepth qualitative insights are prioritised (Hennink & Kaiser, 2022;
Wautich et al., 2024), the limited number of participants may not fully capture the diversity of experiel
technical competencies, organisational structures, and carbonracticestjprggent across NOCs.
Therefore, the findings should be interpreted aspsmifiextather than statistically representative of all
NOCs. Nevertheless, the sample size was considered sufficient for exploratory usability testing
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gualitative inquiry, where the objective is often to identify usability issues and generate practical ins
rather than achieve popuksii generalisability (Vasileiou et al., 2018).

The use of the SUS also presents several limitations. While the SUS is widely recognised for its relie
and simplicity, it provides only a broad measure of perceived usability and does not identify the sp
causes of usability problems (Brod®&@, T®e instrument is also based on subjeamorsedt
perceptions, which may be influenced by partic
(Lewis, 2018).

The sample also varied considerably in the type, size, and resourcing of the NOCs represented. Partic
were drawn from NOCs across Africa, the Americas, Asia, and Europe, ranging from small island
mountakstate committees with limited admugsteguacity to larger -mesiburced NOCs with dedicated
sustainability functions. Some participants worked within NOCs where one or two staff members co
sustainability alongside a broader remit, often on a partly voluntary basis, whilevathes@Oeke

that maintained specialist environmental roles and estakbiigtredjdatant infrastructure. This range

in organisational maturity, rather than part.i:
have shaped perceggiohthe CF methodology and tool. An NOC with limited administrative capacity ma
face practical barriers to sustained i mpl emen

usable tool still depends on staff time and available actwitomiglete a CF assessment. This
organisational dimension is examined further in the discussion of organisational data readiness ir
following section and is a further reason why the present findings should be interpgpésifias context
ratherttan representative of all NOCs.

A related limitation is that the study relies on participant perceptions rather than objective usability me
such as task completion rates, error frequency, support requests, or comptepontdthmeaaliires

of effectiveness, efficiencysfaation, and learnability capture how participants experienced the CF
methodology and tool, but they do not necessarily correspond to observed performance. A participan
reports low confidence in a completed task may still have producedutpacedriddeagparticipant

who reports high satisfaction may have made undetected errors. Future evaluations of the CF methoc
and tool should therefore incorporate objective performance measures, including timed task completion
rates, and theeiuency of support requests during use, to complement theb@sedefitidimgs

reported in this study.

The sermtructured interviews are similarly subject to methodological limitations, particularly interviewer
(Adams, 2015). The flexibility ostetured interviews allows probing and clarification; however, the
interviewer may unintentionthilignoe responses through question phrasing, tone, proavetfadr non
cues. Given the researcherdéds familiarity with
personal assumptions or expectations may have shaped the dicssonefai interpretation of
participant responses. To minimise these risks, reflexive practices were adopted throughout the rese
process, including maintaining awareness of potential biases, using a structured interview guide,
encouraging pants to provide open and critical feedback (Braun & Clarke, 2021).

Thematic deductive analysis also introduces potential limitations. Because the analysis was guide
predefined usability themes and concepts, there is a risk of confirmation bias (Braun & Clarke, 2(
whereby data may be interpreted in ways thag exdisfiing assumptions or expected findings. Deductive

approaches may also overlook unexpected insights or emerging themes that fall outside the predeterr
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analytical framework (Terry et al., 2017). As a result, some novel or unanticipated participant perspe«
may not have been explored in sufficient depth.

Toward &onceptual model of adoption

The usability findings reported above also carry a broader theoretical implication for how the CF methoc
and tool might progress beyond this evaluation toward routine adoption across NOCSs. This section pro
a conceptual model that links fouruotsistlentified through this study, tool usability, prior carbon
accounting knowledge, organisational data readiness, and perceived relative advantage, to adoy
outcomes. The model draws on the Technology Acceptance Model (Davis, 1989)nandl the Diffusic
Innovations framework (Rogers, 2003), situating the present findings within the broader implemente
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: perc
usefulness and perceived ease of use (Davis, 1989). The present findings map closely onto this distin
Perceived usefulness was high and comsisisatthe sample. Participants at every experience level
described the methodology as more robust than the ad hoc practices their NOCs currently rely on, ar
tool s outputs were repeatedly judgeekternat edi bl
funder. Perceived ease of use followed a markedly different pattern. It-aesrthg 8@ sonstruct

overall, and the one most strongly moderated by prior experience: participants with limited carbon acco
background needed conalgrlonger to orient themselves and expressed less confidence that their
entries were correct, while experienced participants reported beginning data entry within minutes. |
through TAM, this divergence indicates that resistance to adoptingdoéoGy aneltbool is unlikely

to stem from doubts about its value. It is more likely to stem from the effort required to use it without
carbon accounting knowledge.

Diffusion of Innovations (DOI) offers a complementary account of the same divergence. Rogers (2
identifies five attributes that determine how quickly an innovation is adopted: relative advante
compatibility, complexity, trialability, and olgerVhbiliCF methodology exhibited high relative
advantage over the ad hoc approaches it is designed to replace, and high compatibility with GHG Prc
terminology and existing reporting conventions already familiar to sustainability précifidasrs. Both at
reinforce the strong perceived usefulness findings reported above. The methodology and tool also st
high on complexity; however, the one DOI attribute inversely related to adoption. The refinements partic
proposed can be read as attdmptsmpensate for this complexity along the two remaining attributes. A
MemoData f uncti on to rehearse the tool before en
flags for missing entries and clearer completion indicators would increase observability of progress ©
use. Neither refinement touches the undetlyotpltogy, 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
the interview data as a determinant of adopt.i
their NOC as already tracking moshteletaity data (P9, P14) treated data collectiorn-iasug non

and located all remaining effort in the calculation itself. Participants without this infrastructure (P1, P4
identified data collection, rather than the spreadsheet, as the oh@fficsgland attributed their lower
confidence in the outputs to this data quality question rather than to any flaw in the tool. This is cons
with organisational readiness for change more broadly (Weiner, 2009), where the availaibility of resourc
this case usable emissions data, determines whether an otherwise acceptable innovation can
implemented in practice.
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Together, these four constructs point to a conceptual model in which adoption of the CF methodolog
tool is jointly determined by the perceived relative advantage and compatibility of the methodology
(largely fixed, and already favourabkgsthef use of the tool as experienced through the lens of the
usero0s prior carbon accounting knowledge (vart
organisational data readiness of the adopting NOC (variable, and independethofl bloitpytiae dn

the tool). Perceived usefulness alone is not a sufficient condition for adoption in this context, since
methodology was judged valuable by novice and experienced participants alike. Ease of use
organisational data readiness arertsieucts most likely to determine whether that judgement translates
into sustained use, and both point to the same practical implication. Increasing the trialability and obseryv
of the tool and supporting NOCs in establishing baseline dafgadileesdiat the organisational level,

are the two levers most likely to converegavdétd methodology into a widely adopted standard.

CONCLUSION

This study evaluated the proposed CF methodology and tool for NOCs, addressing three research que
through a mixadethods usability assessment combining the System Usability Sestieictadesemi
interviews. In doing so, the study addresseghp kkgntified within the literature, namely the limited
empirical testing of CF methodologies and tools by indepasdeninerehl organisational settings.
Existing studies have largely prioritised methodological development and calguialtibe givougac
comparatively limited attention to usability, learnability, and practical implementation challenges. By inv
intended engsers from different NOCs with varying levels of experience, this study provided a mo
comprehensive evaluatidooth the methodological robustness and practical applicability of the proposet
CF methodology and tool.

In response to RQ1, the CF methodology and tool achieved an overall SUS scores ohl§8.4, which
slightly abowke accepted average benchmark of 68 (Sauro & Lewis, 2016). This score places the syst
wi t h marginthlgle & c cept abgoodi tayd jrexnge,e trlmd ifng ( Bango
on the curved grading scale (Sauro & Lewis, 2016), indicating a level of perceiwekilgsedalitly that,
satisfactory, remains below the threshold typically associatperfotimimghsystems. Importantly, a

strong positive correlation was identified between years of experience and SUSpscddeg)(r = .99,
highlighting that wusability perceptions were
accounting concepts and tools. This finding underscores that the CF methodology and toel, as a profes:
grade instrument, may netjolly accessible to all user profiles without addition@hsugipeamgth

of this correlation, confirmed by adeavet sensitivity analysis (rho rangeiz99B%nd unlikely to

reflect a small number of influential observations, is consistent with the relatively narrow and ev
distributed range of expegdelevels in the sample (1 to 15 years), which increases the likelihood of
detecting a smooth, Areanotonic relationship even at n = 14. A correlation of this magnitude should
nonetheless be interpreted with the sample size in mind, and futwehreségér 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 learn:
yielded divergent findings. Effectiveness emerged as the strongest dimension: all participants succeec
completing, at least partially,ess#ssment for their respective NOC, and outputs were broadly regarded
as credible and defensible, particularly by more experienced users. Efficiency was perceived as mod
overall, withed at a col |l ecti on burden identified as th
itself. Navigation aids such as dropdown menug@ndgiszl emission factors were consistently valued

as efficienegnhancing features, though the separfactivityased and spehdsed calculation sheets
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was identified as an interruption to workflow continuity for some participants. Satisfaction was the se
strongest dimension, with participants expressing a high level of confidgnds, ipattesularly for
reporting and stakeholder communication purposes. However, satisfaction was notably polarisec
experience level, with less experienced users reporting frustration during the completion process, wh
consistent with cognikbael theory (Sweller, 2011). Learnability emerged as the most significant area o
concern, with the two associated SUS statements scoring below the neutral midpoint and representir
lowestated items across the entire instriWftaleintool learning aids, including exdded cells,

dropdown menus, and the Index & Data Guide sheet, were valued by participants, the CF methodolog
tool were not perceived asegplanatonyparticularly for novice users, and required a degree of prior
knowledge in carbon accounting and GHG Protocol terminology to be used independently and effectiv

Addressing RQ3, participants provided a range of practical refinements aimed at improving the usa
functionality, and practicality of the CF methodology and tool. Key recommendatiodsdmguded
automated data validation and flagging mechanisms to reducecuossoliglatingpenebased

calculation sheets to improve workflow cotéiwnelibpingteractive onboarding materials such as a
Memo Dala function and i ntadoptlhgnard constyuctite rlaaguage within v i d
uncertainty assessment outitdsemany of these suggestions were directed at reducing the learnability
burden for beginner users, it is notewonthgstheiinements did not call for changes to the underlying
methodology itself, which was broadly accepted across user groups as rigorous, credible, and fit for pul
This distinction between methodological robustness and tool usability reicdbpmEstiengistent

with the literature (Xia et al., 2025; Har&rgzigeti, 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 rep
a meaningful contribution to carbon accounting practice within the sport sector, offering a structured, s
specific approach that addressesimapsrent NOC reporting frameworks. The methodology was
consistently regarded as more robust than the ad hoc approaches currently employed by many organis:
and the tool was considered broadly appropriate for its intended purpose. Noméihgdeatsothe fi
indicate that improvements to onboarding support, user guidance, and navigational design are necess
ensure that the methodology and tool can be adopted equitably across the full spectrum of user compets
present within the NOC comynédressing these refinements would not only improve the immediate
usability of the tool but would also support tHeroniggitimacy, consistency, and scalability of the
proposed CF standard, widek beeitdentified as essential conditions forgidetadoption (Marinelli

et al.,, 2021; Strohmeier et al., 2025). Future iterations of the methodology and tool should there
incorporate the refinements identified through this testing process ewitbvalbaton cydesed

to assess the impact of those changes on usability outcomes.

Futureresearch
Building on the findings and limitations reported above, four directions are proposed for future resear
the CF methodology and tool.

First, comparative evaluations of the CF methodology and tool against generic corporate carbon calcu
would help establish whether the usability challenges identified here are specific to the design choices
in this tool or characteristic ofrcadoounting more broadly.

Second, longitudinal studies tracking the same NOCs across multiple annual reporting cycles would
distinguish onboarding effects from durable usability barriers, addressing the possibility, raised in
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Discussion, that some of the learnability difficulties reported here reflect the short duration of testing r
than a persistent design flaw.

Third, validation of the CF methodol ogyds cal
where available, would test the accuracy of t
based usability evidence gatheredsindyisind addressing the absence of objective performance metrics

noted in themitations

Fourth, dedicated research into organisational capability, including staffingndeagsmelata
infrastructure, and sustainability governance structures across NOCs, would extend the organisationa
readiness construct proposed above anevienifgrganisational characteristics most strongly predict
successful and sustained i mplementation of th

Pursued together, these four directions would extend the present study-dymhe assibiijty
evaluation toward a fuller evidence base for standardising carbon accounting practice across the Oly
Movement.
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APPENDIX. Antervievguide matrix.

Interview RQ3
Question Section RQ1 RQ2 RQ2 RQZ . RQZ. . (Refinements
(Q#) (SUS) (Effectiveness) (Efficiency) @ (Satisfaction) (Learnability) & Adoption)
SUSQ Introduction X
Check
Q1 A: Warm-Up X
Q2 A: Warm-Up X
Q3 A: Warm-Up X
Q4 B: _ First X X
Impressions
Q5 B: _ First X
Impressions
B: First
Q6 Impressions X
C: Data
Q7 Navigation X X
C: Data
Q8 Navigation X X
C:
Q9 Methodology X X
Concepts
C:
Q10 Methodology X
Concepts
C: Calculation
Q11 Logic X X
C: Calculation
Q12 Logic X
C:
Q13 Summarising X X
Results
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
F:
Q21 Refinements X
F:
Q22 Refinements X
F:
Q23 Refinements X
G: Final
Q24 Reflections % X
G: Final
Q25 Reflections X
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APPENDIX.BBemistructured interview guide.

Semi-Structured Interview Guide

Evaluation of the CF Methodology and Tool for NOCs:
A Usability Assessment Centred on Effectiveness, Efficiency, Satisfaction,
and Learnability

Study Title Evaluation of the Proposed Carbon Footprint Methodology and Tool for
National Olympic Committees (NOCs)

Interviewer [Your Name / Title]

Participant Role [e.g., NOC Sustainability Officer, CEO, Facilities Manager]

Tool Version CF_Tool.xlsx (Standardised Methodology)

Date & Time [Date] | [Start Time]

Interview ID [Unique participant reference — anonymised]

This interview is structured around four validated usability constructs. Each section of the guide
corresponds directly to one of these definitions:

EFFECTIVENESS 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 The number of resources required to complete a task, including time, human
effort, costs, and materials. Together with effectiveness, efficiency assesses the
overall performance of the system.

1ISO 9241-11 (2018); Bevan et al. (2015)

SATISFACTION  Users' subjective experience, reflecting their comfort and acceptability when
interacting with the system.

Corsini et al. (2012)

LEARNABILITY The time required or the ease with which typical users can learn a system and
achieve a certain level of competency.
Lee & Sah (2020); Abran et al. (2003)

Research Questions underpinning this interview:

RQ1: To what extent does the proposed CF methodology and tool meet accepted usability standards
as measured by the System Usability Scale (SUS)?

RQ2: How does the proposed CF methodology and tool perform against effectiveness, efficiency,
and satisfaction?

RQ3: What refinements and improvements are required to enhance usability, functionality, and
practical adoption?
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Introduction (5-7 minutes) Consents- Sgntﬁxté
cnec

Thank the participant for their time and for engaging with the carbon footprint tool prior to this
interview.

Introduce the research:
« This study evaluates a new carbon footprint (CF) methodology and Excel-based tool
(CF_Tool.xlsx) developed specifically for National Olympic Committees.

* The methodology is built on sustainability control principles — responsibility and influence
rather than financial ownership — and mandates Scope 1, 2, and 3 reporting across both
routine operational activities and Olympic Games attendance activities.

+  We are not evaluating you. We are evaluating the tool and the methodology.

Explain the three usability constructs (in plain language):
To assess the tool, | will ask about three things drawn directly from usability science:

+ Effectiveness — whether you could complete tasks correctly and get accurate, complete
results from the tool.

+ Efficiency — how much time, effort, and resource was needed to use the tool — were the
demands proportionate to what you got back?

« Satisfaction — how you felt using the tool — was it comfortable, acceptable, and
something you could see yourself using again?

* Learnability — how quickly and easily you were able to learn how to use the tool and
reach a working level of competency.

Formalities:

+ Confirm permission to record. Recording is for transcription accuracy only and will not be
shared externally.

« Assure confidentiality. You will be referred to only by role type (e.g., "a sustainability officer
from a European NOC') — never by name or NOC.

» Participation is voluntary. Responses may be withdrawn at any point without
consequence.

SUS Questionnaire — CHECK before proceeding:

If completed: Thank you. This captures your initial, unbiased impression and gives us a baseline
measure for RQ1.

If NOT completed: Please take 2—3 minutes to complete it now — before we talk in detail, as our
conversation could influence your answers.

Structure: approximately 20 questions across five sections; 45-60 minutes total. There are no
right or wrong answers — your honest experience is what matters.

Do you have any questions before we begin?

Section A: Background and Context (5 minutes) Warm-up - RQ2

baseline

326 |20B|ISSUHE| VOLUME © 208 ARD Asociacion Espari



Aqgad, Y.UUsability of a carbon footprint tool for National Olympic Comnfitestainability and Sports Science Journal

Purpose: Establish the participant's baseline experience with carbon accounting and their NOC
context, which frames how effectiveness, efficiency, and satisfaction are interpreted for their
situation.

(el Can you briefly describe your NOC and its current approach to environmental
4CZN  sustainability and carbon footprinting?
Methodological rationale: Understanding baseline capability contextualises judgements about
effectiveness (can the tool produce results users trust?) and efficiency (is the data burden
proportionate to capability?).
Probing questions:

a. Does your NOC currently measure its carbon footprint, and if so, which scopes are
included?

b. Is carbon accounting managed in-house or by external consultants?
C. Which frameworks or standards, if any, does your NOC currently follow?

(oA What is your role, and to what extent are you personally involved in carbon
28 accounting or sustainability reporting?

Methodological rationale: Role and prior exposure to CF tools shapes both efficiency perceptions
(what feels burdensome) and satisfaction (what feels appropriate for someone in this position).

Probing questions:

d. Have you used other carbon accounting tools or Excel-based models before?

€. Would you describe yourself as a beginner, intermediate, or advanced user in carbon
footprinting?
f. How much of your working time is currently dedicated to sustainability activities?

Section B: Effectiveness (15—20 minutes) Task accuracy -
Completeness -

Output quality |
RQ1, RQ2

Definition in use: Effectiveness is 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)

Interview focus: Did users complete the right tasks? Did the tool produce correct, credible, and
sufficiently complete emissions outputs?

Q3 When you worked through the tool, were you able to complete each emission
&7 category from start through to a calculated output — without having to stop or
abandon a section?
Methodological rationale: Task completion is the primary indicator of effectiveness (Bevan et al.,

2015). Identifying which sections could and could not be completed reveals where the tool
succeeds or fails as a carbon accounting instrument.

Probing questions:

g. Were there any tabs or emission sources where you could not produce a result? What
caused the blockage?

h. Did you feel the tool was guiding you towards a correct output, or were you unsure at any
point whether you had done it right?
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i.  Were there emission sources in the methodology — from either the operational activity
list or the Olympic Games list — that the tool did not adequately capture?

Q4 How accurately does the tool capture your NOC's actual carbon footprint? Did
OZ8  the outputs — the kgCO,e figures produced — feel credible and correctly
derived?

Methodological rationale: Effectiveness requires not just task completion but accuracy and

correctness of outputs (Kortum & Peres, 2014). This question probes whether the methodology's
calculation logic produces results users can defend.

Probing questions:
j.  Was it clear which emission factor was being applied — for example, DESNZ activity-
based factors or DEFRA spend-based factors — and why that factor was appropriate?
k. Did the automatic calculation of Well-to-Tank (WTT) and Transmission & Distribution
(T&D) losses produce results you understood and trusted?

|.  Were there any outputs that surprised you, or that you felt may have over- or under-
estimated your emissions?

Q5 The methodology requires all three emission scopes — including the full list of
WeIZ8  Scope 3 categories — to be assessed. To what extent were you able to
address all mandatory emission sources completely?

Methodological rationale: Completeness is an explicit component of effectiveness. The

methodology mandates Scope 3 as non-optional, making complete task coverage a direct test of
the tool's effectiveness for NOC contexts.

Probing questions:

m. Were there mandatory emission categories — for example, staff commuting, athlete
flights, official merchandise, cloud services, or Olympic Games-specific sources — where
you could not produce a result due to data unavailability?

n. Did the tiered materiality thresholds (Beginner 20%, Intermediate 10-20%, Advanced 5—
10%) help you make appropriate decisions about which sources to include, or did they
add uncertainty?

0. Did the tool support you in documenting and justifying any sources that were excluded?

Q6 The methodology introduces sustainability control principles — based on
MZ8 responsibility and influence rather than financial ownership — to define
organisational boundaries. Were you able to correctly and confidently apply
the Organisational Boundary Decision Flowchart?

Methodological rationale: Appropriateness is the third dimension of effectiveness: tasks must be
completed in the right way. Correct application of the boundary framework is foundational to
producing a methodologically appropriate carbon footprint.

Probing questions:
p. Did the four criteria — legal responsibility, causation responsibility, benefit responsibility,
and direct influence — make practical sense for your NOC's operational context?

q. Were there activities — for example, outsourced event management, athlete training
facilities, or shared NOC House operations — where determining boundary inclusion was
genuinely ambiguous?

r. Did the flowchart lead you to decisions you felt confident defending to an external auditor
or governing body?

Q7 After completing data entry, how well did the Summary sheet communicate the
LOZE  quality and completeness of your carbon footprint? Did the breakdown by
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scope, method, and activity type support an accurate understanding of your
outputs?
Methodological rationale: Effectiveness extends to the quality of outputs presented to the user.

The Summary sheet is the primary interface through which accuracy and completeness become
visible — or invisible.

Probing questions:

S. Was the separation of emissions by Scope 1, 2, and 3 — and by activity-based versus
spend-based methods — meaningful and useful?

t.  Were the uncertainty quality scores (Very Good to Poor) in the Summary helpful for
identifying where data collection needs to improve?

u. Did the visualisations — charts and graphs — accurately represent the emissions profile
in a way you could use for reporting or decision-making?

Section C: Efficiency (15-20 minutes) Time - Effort -

Resource demands
| RQ1, RQ2

Definition in use: Efficiency relates to the number of resources required to complete a task,
including time, human effort, costs, and materials. Together with effectiveness, efficiency
assesses the overall performance of the system.

ISO 9241-11 (2018); Bevan et al. (2015)

Interview focus: Were the time, effort, and resource demands of using the tool proportionate to the
outputs received?

Q8 Overall, how would you describe the time and effort required to work through
LEZE  the tool from start to a completed Summary? Was that investment
proportionate to the value of the outputs produced?
Methodological rationale: /SO 9241-11 (2018) positions efficiency as the ratio of resources
expended to outputs achieved. This opening question establishes the overall cost-benefit
perception before drilling into specific resource types.

Probing questions:
V. Approximately how long did it take you to work through the tool, including reading
guidance, entering data, and reviewing results?
w. Did that time feel justified given what you got back — or was the effort disproportionate to
the output?

X. Would the time burden be acceptable as an annual process within your NOC's current
workload?

Q9 How efficient was the process of navigating between sheets, locating the
el correct input fields, and entering data? Did the tool's structure minimise or
add to the effort required?
Methodological rationale: Human effort — including cognitive load and navigation friction — is a

core efficiency resource. The tool's colour-coding, tab structure, and dropdown menus are all
designed to reduce effort; this question tests whether they do so in practice.

Probing questions:
y. Were the colour-coded cells — blue for manual entry, grey for auto-calculated, green for
dropdowns — immediately clear, or did they require learning time?

z. Did dropdown menus and pre-populated emission factors reduce your input burden, or
did you find yourself overriding or questioning the defaults?
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aa. Were there any repetitive or duplicated steps that could have been automated or
streamlined?

(ek[lA How much effort was required to collect the data the tool needs — before you
GEZE  even opened the spreadsheet? Which data inputs were readily to hand, and
which required significant additional work to obtain?
Methodological rationale: Efficiency includes the upstream resource cost of data collection, not

Just within-tool navigation. For NOCs, data collection burden is a primary barrier to adoption; this
question surfaces where the real-world effort lies.

Probing questions:

bb. Which emission sources — for example, utility bills for Heating, travel logs for Business
Travel, consignment notes for Freight, or staff surveys for Commuting — had data
immediately available?

cc. For which sources did you need to contact other departments, external suppliers, or
make estimates? How long did that take?

dd. Were there sources where you had to use the spend-based fallback method because
activity data was simply not accessible? Did that feel like an acceptable workaround?

(oYl The tool offers both activity-based and spend-based calculation methods. How
ezl efficiently could you switch between these methods when needed — and did
the dual-method approach reduce or increase the overall effort of completing
the tool?
Methodological rationale: Providing two calculation pathways is a deliberate design choice to
reduce the efficiency cost of data gaps. This question tests whether the dual-method architecture
achieves that goal or introduces its own friction.

Probing questions:
ee. Was it immediately clear, within each tab, when the spend-based method was available
and how to activate it?

ff. Did having the option to use spend-based data for some sources and activity-based for
others make the process feel more or less manageable?

gg. Were there sources where neither method felt proportionate — either too data-intensive
or too imprecise to be worth the effort?

(e} The Index & Data Guide provides detailed guidance for every emission source.

&7 How efficiently did this resource support your use of the tool — did it reduce
the effort of making decisions, or did consulting it add to your workload?
Methodological rationale: Guidance materials are a resource with their own efficiency cost. If
the Index requires extensive consultation, it may reduce overall system efficiency even while
supporting effectiveness. The ideal is guidance that is accessed quickly and purposefully.

Probing questions:
hh. Did you need to consult the Index & Data Guide often, occasionally, or rarely?
ii. When you did consult it, did it answer your question quickly and clearly — or did it require
significant reading before you could proceed?

ji.  What format of guidance — for example, in-cell tooltips, worked examples, short videos
— would have reduced the effort of using the tool?

Section D: Satisfaction (10-15 minutes) Comfort -

Acceptability -
Subjective
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experience | RQ1,
RQ2

Definition in use: Satisfaction concerns users' subjective experience, reflecting their comfort
and acceptability when interacting with the system.

Corsini et al. (2012)

Interview focus: How did using the tool feel? Was the experience comfortable, acceptable, and
appropriate for users in this role?

(eJEJN Setting aside what the tool can do, how did it feel to use? Would you describe

AYZH the experience as comfortable, manageable, stressful, or something else?
Methodological rationale: Satisfaction is a subjective construct — how the experience felt,
independently of task outcomes (Corsini et al., 2012). This opening question invites an unguided
affective response before more targeted probes.

Probing questions:
kk. Were there moments where you felt confident and in control — or moments of frustration,
confusion, or anxiety about whether you were doing things correctly?
Il. Did the tool feel like it was designed for someone with your level of experience, or did it
feel pitched too high or too low?

mm. If a colleague asked you what it was like to use, what would you say in one or
two sentences?

(ek'S How acceptable does this tool feel as an ongoing part of your NOC's annual
78  sustainability workflow — something you could see being used year after
year?
Methodological rationale: Acceptability is the forward-looking dimension of satisfaction: not just
how the tool felt today, but whether users would willingly integrate it into their practice (Corsini et
al., 2012). This is directly linked to adoption potential.

Probing questions:
nn. Is there anything about the experience that would put you off using the tool again in
future?

00. Would you feel comfortable delegating use of the tool to a colleague with less
sustainability experience — or does it require someone with a specific background?

pp. On a scale of 0 to 10, how likely would you be to recommend this tool to another NOC,
and what is the primary reason for that score?

(eYE How comfortable were you with the level of methodological complexity
GOZ8 embedded in the tool — for example, the sustainability control boundary
principles, the materiality framework, and the mandatory Scope 3

requirements?

Methodological rationale: Comfort with complexity is a satisfaction-specific concern. A
methodologically rigorous tool may produce discomfort even when it is effective — and this
discomfort is a legitimate usability finding that affects acceptability.

Probing questions:
qg. Did the sophistication of the methodology feel appropriate, or did it create discomfort — a
sense of uncertainty about whether you were applying it correctly?
. Were there concepts — for example, double materiality, dynamic materiality, or
sustainability control — that felt unfamiliar or unsettling in a practical context?
ss. Would simplified language, a glossary, or plain-English summaries of the key concepts
improve your comfort with the tool?
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(eX[ How satisfied are you with the outputs the tool produces — both their content
BOIZE  and their presentation? Do the results feel like something you could present to
your board, a funder, or the IOC with confidence?
Methodological rationale: Satisfaction with outputs bridges effectiveness (accuracy) and

satisfaction (acceptability). Users may produce correct results but remain dissatisfied if outputs
feel insufficient for their reporting context.

Probing questions:
tt. Does the Summary sheet provide results in a format suitable for internal reporting — for
example, to a board or sustainability committee?
uu. Would you feel confident sharing the results with an external audience — for example, as
part of an 10C sustainability report, a public disclosure, or a third-party audit?

VV. Is there any aspect of the outputs — format, level of detail, visualisation style — that does
not match what your NOC would actually need to report?

eyl What would you say was the single aspect of using this tool that generated the
LBEZE most positive experience — and the single aspect that generated the most
discomfort or dissatisfaction?
Methodological rationale: This contrastive question surfaces the affective peaks and troughs of
the experience (Corsini et al., 2012), which often predict adoption behaviour more reliably than
average satisfaction ratings.

Probing questions:

WW. Was the best aspect related to a specific feature, a point of clarity, a result that
felt meaningful, or something else?

XX. Was the most uncomfortable moment related to confusion, a sense of inadequacy,
concern about accuracy, or something structural about the tool?

yy. If you could change only one thing to improve how the tool feels to use — not what it
does, but how it feels — what would that be?

Section E: Learnability (10-15 minutes) Learning curve -
Competency -

Support needs |
RQ1, RQ2

Definition in use: Learnability is the time required or the ease with which typical users can
learn a system and achieve a certain level of competency.
Lee & Sah (2020); Abran et al. (2003)

Interview focus: How quickly and easily could users orient themselves, understand the tool's logic,
and reach independent working competency — with or without support?

(el  When you first opened the tool, how quickly were you able to understand its
8 structure and feel ready to begin entering data? Can you describe the learning
curve you experienced?
Methodological rationale: Learnability begins at first contact with a system (Lee & Sah, 2020).

The speed of initial orientation — before any guidance is consulted — reveals how intuitively the
tool communicates its own logic and purpose.

Probing questions:

zz. Did the Introduction sheet and Index & Data Guide give you enough context to start
independently, or did you feel uncertain about where to begin?
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aaa. How many tabs or sections did you need to explore before the overall structure
of the tool made sense to you?
bbb. At what point — if at all — did you feel you had reached a working level of

competency with the tool?

(eX['B How much prior knowledge — of carbon accounting, Excel, or the GHG

HOZN Protocol — did you need to draw on in order to use this tool competently? Is
this tool accessible to a user with limited background in any of these areas?
Methodological rationale: Learnability is assessed relative to 'typical users' (Abran et al., 2003).
For NOCs, the typical user may have limited specialist knowledge; understanding the prerequisite
knowledge burden reveals whether the tool is genuinely accessible or implicitly gatekept.

Probing questions:

ccce. Were there concepts — such as Scope 1/2/3 categorisation, well-to-tank losses,
emission factors, or materiality thresholds — that you needed to look up or already
understand before the tool made sense?

ddd. Could a colleague with no prior carbon footprinting experience realistically learn
to use this tool independently within a reasonable timeframe — and if so, what timeframe
do you estimate?

eee. Did any aspect of the tool assume a level of technical knowledge that a non-
specialist sustainability officer would be unlikely to have?

(ey{Ull How useful were the in-tool learning aids — the Introduction sheet, the Index &
L&Z8 Data Guide, the colour-coding system, and the dropdown menus — in helping
you learn how to use the tool? Did they reduce or extend the time needed to
reach competency?
Methodological rationale: /n-tool guidance is a primary mechanism for accelerating learnability
(Lee & Sah, 2020). This question tests whether the tool's embedded learning support is sufficient,
well-placed, and practically used — or whether users bypass it and learn by trial and error.

Probing questions:

fff. Did you use the Index & Data Guide as a learning resource — reading it before entering
data — or as a reference you consulted reactively when stuck?

ggag. Were the colour-coded cells and dropdown menus intuitive enough to reduce the
amount of reading required to get started?
hhh. Were there sections where in-tool guidance was insufficient and you had to

consult external resources, ask for help, or make assumptions?

Q21 Thinking about the second time you would use this tool — for next year's
W&ZH carbon footprint — how much re-learning do you think would be required?
Does the tool support the retention of competency over time?
Methodological rationale: Sustained learnability — the ability to return to a system after a gap

and regain competency quickly — is a distinct dimension of learnability (Abran et al., 2003). For
an annual-use tool, relearning cost is a critical adoption consideration.

Probing questions:

iii. Would you need to re-read the guidance materials before your second use, or does the
tool's design make it easy to pick up again after a period of absence?

jii- Are there aspects of the tool's logic — for example, the boundary framework, the
materiality thresholds, or the OA/OG separation — that you would need to relearn each
time?

kKkk. What features — for example, annotated example data, a 'start here' checklist, or
a brief summary of decisions made in the previous year — would most help a returning
user regain competency quickly?
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Section F: Refinements and Improvements (5—10 RQS3 - Usability -

. Functionality -
minutes) oror

Purpose: Identify specific, actionable changes to the methodology and tool that would improve
effectiveness, reduce efficiency costs, enhance satisfaction, and accelerate learnability.
Questions are anchored explicitly to each construct.

(e¥#B Thinking specifically about effectiveness — the accuracy, completeness, and
LS appropriateness of outputs — what changes to the methodology or tool would
most improve the quality of results NOCs can produce?
Methodological rationale: /mprovements to effectiveness may involve calculation logic, emission
factor accuracy, boundary guidance, or scope coverage. Grounding suggestions in the
effectiveness construct focuses responses on output quality rather than interface preferences.

Probing questions:

lll. Are there emission sources in the methodology — operational or Olympic Games —
where the calculation formula, the emission factor defaults, or the data input structure is
insufficient for producing accurate results?

mmm. Would additional validation checks — for example, warnings when inputs look
implausible, or automatic flags for missing mandatory sources — improve output quality?
nnn. Does the methodology need additional sector-specific guidance for NOC-specific

activities not currently well-covered, such as digital marketing, national training centres, or
athlete wellbeing programmes?

(eyX38 Thinking specifically about efficiency — the time, effort, and resources
LS required — what changes to the tool's design, structure, or supporting
materials would most reduce the burden of using it?
Methodological rationale: Efficiency improvements are the most common target of usability

refinement but must be framed in terms of the ISO definition: reducing resource expenditure (time,
effort, cost, materials) without reducing output quality.

Probing questions:

000. Are there steps in the data entry process that could be automated — for example,
pre-population of standard distances, integration with travel management systems, or
import of utility data directly from bills?

ppp. Would a simplified 'quick-start' version of the tool — covering only the highest-
priority emission sources — reduce the initial effort burden enough to encourage first-time
adoption?

qqq. What supporting resources — training materials, onboarding guides, or worked-
example datasets — would reduce the effort of preparing to use the tool?

(eyZ8 Thinking specifically about satisfaction — comfort and acceptability — what
Ll changes would make the experience of using this tool more positive, more
confidence-inspiring, or more appropriate for users in your role?
Methodological rationale: Satisfaction improvements often target interface design, language,
feedback mechanisms, and the emotional experience of use. Anchoring to the Corsini et al. (2012)
definition keeps responses focused on subjective experience rather than technical functionality.

Probing questions:

rrr. Are there aspects of the interface — layout, colour-coding, terminology, or structural logic
— that create discomfort or reduce confidence?

SSS. Would more frequent in-tool feedback — for example, confirmation messages,
progress indicators, or contextual help text — make the experience feel more reassuring?
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ttt. What would need to change for a user in your position to move from 'l could use this' to 'l
want to use this'?

(a8 Thinking specifically about learnability — the ease and speed with which a new
LEEE  user can reach competency — what changes to the tool's design or supporting
resources would most reduce the learning burden?
Methodological rationale: Learnability improvements directly affect first-time adoption rates (Lee

& Sah, 2020; Abran et al., 2003). For a tool aimed at NOCs with widely varying sustainability
expertise, reducing the learning cost is a prerequisite for broad uptake.

Probing questions:

uuu. Would a structured onboarding sequence — for example, a guided walkthrough,
an annotated first-use checklist, or a short introductory video — significantly reduce the
time needed to reach independent competency?

VVV. Are there aspects of the tool's terminology, conceptual framework, or structural
logic that should be simplified or more explicitly explained to lower the learning threshold
for first-time users?

WWW. Would a 'beginner mode' — limiting visible tabs and options to only the most
essential emission sources — make the initial learning experience more manageable
without compromising the methodology's integrity?

Close (3-5 minutes)

That concludes the main questions. Before we finish, is there anything important about the tool or
methodology that we have not covered — any observation, concern, or suggestion you would like
to add?

Permission for follow-up:

+  Would you be willing to be contacted again in the future — for clarification of today's
responses, to review a revised version of the tool, or to participate in a follow-up validation
study?

Thank you sincerely for your time and for the quality of your responses. Your input is essential for
developing a carbon accounting tool that genuinely works for NOCs at every stage of their
sustainability journey.

I will now stop the recording.
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