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Abstract In the modern digital ecosystem, the technical capacity of systems to exchange data is traditionally 

referred to as interoperability. However, as regards human-computer interaction and human orientation 

(human-centric approach in Industry 5.0), such an approach disregards the role of the user as a functional part 

of the socio-technical system. This paper introduces a new approach to the solution of ergonomic 

interoperability of the  interfaces of web presentations beyond technical parameters, considering more the 

metrics of the compatibility of the interface to the cognitive and physical abilities of the users. The proposed 

methodological framework breaks down interaction in four important domains: technical interoperability, 

semantic interoperability, accessibility for interoperability, and organizational interoperability. For the 

purpose of quantifying the maturity level of interfaces, an original assessment instrument was developed in a 

form of a questionnaire with a dual verification mechanism and aspects of technical and interactional. The 

practical application of the MEAIWI (Method of Ergonomic Assessment of Interoperability of Web 

Interfaces) has been illustrated as a case study in the Padbury Parish Council Web presentation. Results show 

that the proposed method is able to detect interaction discontinuities that might go unnoticed by traditional 

testing methods, thus making a holistic contribution to the insight of the quality of dialog between the human 

and the computer. The proposed framework allows quality evaluation of the interface to be consistent and 

repeatable, which provides a basis for future research and enhancement of web presentation design.   

Keywords: Ergonomic interoperability of interfaces; Industry 5.0; human‑centric approach; web interface; 

assessment questionnaire; technical interoperability; semantic interoperability; accessibility for 

interoperability; organizational interoperability; human‑computer interaction (HCI). 

1. INTRODUCTION 

 

In the time of digital transformation, web presentations have turned from static information sources to 

the primary points of contact between organizations and users. Although technical infrastructure is a 

precondition for the operation of any digital service, its real value of usability is achieved solely by 

the user interface. In the most general sense, the user interface is defined as the set of all those 

components of an interactive system (software or hardware) that provide the information and controls 

with which the user needs to carry out each of the specific tasks with the help of the latter [1]. 

 

However, traditional approaches to development and evaluation of Web systems often concentrate on 

technical interoperability (data exchange between machines) at the cost of the fact that the user is an 

equal and functionally indispensable part of a system. If the interface is not adjusted to the cognitive 

and physical limitations of humans, the technical correctness loses its importance because then 

interaction becomes inefficient or impossible.  
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The aim of this paper, globally, is to fill the gap between the technical functionality and the actual 

usability by proposing the concept of ergonomic interoperability and introducing a new, 

operationalized methodology for its evaluation using the example of web presentations. 

 

2. ERGONOMIC INTEROPERABILITY OF INTERFACES 

 

Ergonomic interoperability of an interface is defined here being the extent of the correspondence 

between the functional and communicational characteristics of the interface and the psychological 

(cognitive) and physical abilities of the user in a given context of use, so that the user can understand, 

process and use the presented information and perform the intended actions effectively and 

efficiently, with minimal cognitive and physical load, with few errors and while maintaining comfort, 

safety and satisfaction. 

 

Ergonomic interoperability of interface is not just a technical attribute of software, it is a gauge of the 

quality of dialogue between man and computer. Based on the definition that, it represents the degree 

of alignment between functional and communicational characteristics of the interface and the 

psychological (cognitive) and physical abilities of the user in a given context of use, this concept can 

be understood as a bridge between the digital logic of the system and the biological and cognitive 

logic of the human. When this degree of alignment is high, the user does not have to "adapt to the 

machine"; instead, the particulars of the interface are organised in a way that naturally supports the 

way people perceive information, make decisions, and perform actions. 

 

At the centre of the concept are two groups of characteristics of the interfaces. Functional 

characteristics are what the user can do, the way that actions are performed (e.g. search, navigation, 

data entry and submission, cancellation, error recovery). Communicational characteristics refer to the 

presentation of information and the guidance of the user through interaction (e.g. content structure, 

clear control label, consistent use of terminology, understandable messages, feedback, and system 

state). An interface possesses ergonomic interoperability if these characteristics are not shaped 

"around technology" but around the task and goal of the user, i.e. if the interactions support the 

completion of the task rather than becoming an obstacle [1].  

 

Another important component of the definition is the context of use. The same interface may be 

interoperable enough in one situation, but insufficiently interoperable in another. The reason for this 

difference is that devices, environment, and user limitations have changed: screen size, 

keyboard/mouse/touch input or interruption of attention. Therefore, "interoperability" in this context 

is not understood as an abstract design property but as a property that is manifested in actual use: i.e. 

the user is able to understand, process and apply the information and then the intended actions can be 

performed without any further mental effort and without physical effort. 

 

Finally, the definition defines the outcomes where ergonomic interoperability is recognized. The first 

layer of outcomes is performance-based: tasks are completed effectively (the goal is achieved) and 

efficiently (with reasonable expenditure of time, steps and effort), with few errors. The second layer 

is "humanizing": interaction occurs while the comfort, safety and satisfaction are maintained as there 

is no justification for speed or technical correctness if the interface leads to fatigue, frustration or 

risky errors. This logic is in line with the standard ergonomic understanding of usability quality, 

where the success of interaction is determined by concepts of effectiveness, efficiency and 

satisfaction in the context of use [2]. 

http://ieti.net/TERP/


 
http://ieti.net/TERP/ 

2025, Volume 9, Issue 2, 1-21, DOI 10.6723/TERP.202512_9(2).0001 

3 

 

 

3. INTERFACE FOR ERGONOMIC INTEROPERABILITY OF WEB PRESENTATIONS 

 

The interface for ergonomic interoperability of a web presentation is here defined as the degree of 

alignment of parts of a website (visual, auditory, and interactive) which, in a given context of use, 

adapts the way information is displayed and interaction is managed to the psychological (cognitive) 

and physical abilities of the user, so that tasks are performed effectively and efficiently, with minimal 

effort and few errors, while maintaining user comfort, safety, and satisfaction.  

 

In traditional IT discourse, interoperability is most commonly considered to refer to the ability of 

software and hardware systems to exchange data (M2M). In the framework of human-computer 

interaction, however, the information system is considered as a socio-technical system in which the 

user is an integral and functionally indispensable part. According to the definition, which belongs to a 

group of general definitions of software engineering, interoperability can be defined as the capacity of 

two or more systems or components to exchange information and to employ the information 

exchanged [3], where exchange and use are the determining conditions.  

 

With regard to a web presentation: 

- Technical interoperability refers to the exchange of data between the server side and client 

(browser), and also its proper display in the user interface. 

- Ergonomic interoperability includes the second condition from the definition, namely allowing the 

user to actually use the exchanged information: to be able to perceive it, understand it, process it 

cognitively and use it in the task. 

 

If the interface is not aligned with the cognitive and physical abilities of the user, information 

exchange may be technically achieved, but use may be limited or unsuccessful, and thus 

interoperability is incomplete in terms of the definition. For this reason, the term "ergonomic 

interoperability" exactly means the ability of the interface to guarantee the transition from technically 

available information to information that is functional to the user, considering the human and the 

digital system as components of the same information system with a close alignment.  

 

To realize ergonomic interoperability in practice, it has to be taken as a multilayered structure. It is 

not exhausted only at the level of technical stability (technical interoperability), but requires, in 

addition: semantic alignment (that the meaning of symbols and terminology correspond to the mental 

model of the user), accessibility (the interface is adapted to various sensory and motor limitations, in 

line with the principles of inclusive design) and organizational alignment (the interface supports the 

real life and business processes of the user). Only by the integration of these levels does the interface 

no longer act as an impediment and become a transparent mediator of the socio-technical system. 

 

3.1. Aim of Research  

 

Despite the fact that in practice individual aspects are often checked (e.g. technical correctness, 

accessibility or general usability), there is still missing a unified and clearly operationalized 

methodology which assesses systematically the ergonomic interoperability of web interfaces as a 

whole, i.e. as a relation between the technical exchange of information and its actual, functional use 

by the user for a specific context of use. As a result, web presentations might fulfill the formal 
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technical requirements but still cause errors, unnecessary efforts, unsafe actions or user 

dissatisfaction, especially in real situations (different devices, little time, variable environmental 

conditions). Therefore, the development of a methodology for ergonomic assessment of web 

interface interoperability is an important step forward, so that the quality of the interaction can be 

measured in a consistent and repeatable manner, and so that the evaluation results lead directly to 

concrete design improvements that reduce barriers and increase efficiency, safety, and user 

satisfaction. 

 

4. DEVELOPMENT OF A METHODOLOGY FOR ERGONOMIC ASSESSMENT OF WEB 

PRESENTATION INTERFACE INTEROPERABILITY 

 

For the purposes of operationalization of the concept established, an assessment methodology has 

been developed whose main instrument is a structured questionnaire, whose main aim is to translate 

into measurable indicators the theoretical requirements of ergonomic interoperability. The 

methodology is based on the decomposition of human-computer interaction in four key domains in 

technical interoperability, semantic interoperability, accessibility for interoperability and 

organizational interoperability, thus enabling a quantitative assessment of the degree of alignment 

between the functional and communicational characteristics of the interface and the abilities of the 

user in a given context of use. 

 

4.1. Questionnaire for Ergonomic Assessment of Web Presentation Interface Interoperability 

 

The purpose of this questionnaire is to quantify the degree of ergonomic interoperability of the 

interface of a web presentation, that is, the level of correspondence of the functional and 

communicational characteristics of the interface to the cognitive and physical qualities of a user. In 

this way, the effectiveness of the interface in facilitating the successful and efficient task completion 

in a given context of use is evaluated, which should have minimal load and preserve the comfort, 

safety and satisfaction for the user.  

 

In general, the evaluation of each item in the questionnaire is based on a four-point scale 0 / 1 / 2 / NA 

and values assigned to each item are assigned according to the degree of implementation and 

functionality of the feature represented in the question. The scale is intended to differentiate fully met 

specification requirements from partially achieved ones, as well as cases (i) when the specified 

feature does not exist or does not function objectively, and (ii) when the item under consideration is 

not applicable because of the absence of an element or situation pertinent to the observation in the 

web presentation. This allows for quantitative comparison of results while at the same time ensuring 

transparency with required documentation of the evidence for each assigned score. 

 

Scale: 0 / 1 / 2 / NA (not applicable in the specific case). 

2 – Fully met (The feature described in the question is implemented and functional in normal 

conditions of use; there are no observed deficiencies.) 

1 – Partially met (The feature is present, but is in some way only partially implemented, inconsistent 

or only works in certain cases/conditions.) 

0 – Not fulfilled at all (The feature is not present and/or not functional, or it is implemented 

incorrectly so that it does not achieve its intended purpose; when there is reliable evidence of 

absence/non-functionality.) 
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NA – Not applicable (The item does not apply to this web presentation because the relevant 

element/scenario does not exist, e.g., there is no form, there is no media, there is no external link, 

etc.). 

Along with the numerical score, each item should also have evidence, in the form of a brief 

explanation directly justifying the value assigned. This evidence is the minimum documentation that 

must be provided if the result is to be checked and repeated under the same conditions of assessment.  

 

Evidence: Brief explanation regarding the score.  

 

A detailed account of the evaluation procedure is given in Chapter 4.2. The questionnaire is split into 

four sections: technical interoperability, semantic interoperability, accessibility for interoperability 

and organisational interoperability. Questions in the technical interoperability section measure the 

ability of the interface to adapt to various technical environments. Questions in the semantic 

interoperability section assess whether consistency, comprehensibility, and coherence are built into 

the interface. Questions in the accessibility for interoperability section are meant to test the 

interoperability of the interface with assistive technologies and usability for all users. Questions in the 

organizational interoperability section are designed to assess the ability of the interface to be 

integrated into business processes and interactions with partners. 

 

MEAIWI QUESTIONNAIRE 

 

1. Technical interoperability  

 

T1 – Does the web presentation display correctly and remain functional across all major browsers 

(Chrome, Firefox, Edge, Safari)? 

 

0 1 2 NA 

 

Evidence: 

 

T2 – Is the web presentation design fully responsive (mobile interoperability), i.e., does the content 

scale properly on smartphones and tablets? 

 

0 1 2 NA 

 

Evidence: 

 

T3 – Does the page load and become functional (scrolling and clicking possible) within 5 seconds 

after clicking the link, or does the user have to wait significantly longer on a standard internet 

connection? 

 

0 1 2 NA 

 

Evidence: 
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T4 – Are all interactive components (buttons, links, input forms) accessible via keyboard (ergonomic 

interoperability for users without a mouse)? 

 

0 1 2 NA 

 

Evidence: 

 

T5 – During interaction, do unexpected interruptions, display freezes, or browser security warnings 

(e.g., invalid certificate) occur? 

 

0 1 2 NA 

 

Evidence: 

 

2. Semantic interoperability 

 

S1 – Are terminology and labels (e.g., on buttons) used consistently across all pages? 

 

0 1 2 NA 

 

Evidence: 

 

S2 – Do visual elements (icons) have clear and universally understandable meaning within the site 

context? 

 

0 1 2 NA 

 

Evidence: 

 

S3 – Is the navigation structure (menu) logical, predictable, and consistent throughout the site? 

 

0 1 2 NA 

 

Evidence: 

 

S4 – Are error or status messages clear, precise, and do they offer a solution to the user? 

 

0 1 2 NA 

 

Evidence: 

 

S5 – Are key data (contact, address) consistent with data on other platforms (e.g., Google Maps)? 

 

0 1 2 NA 

 

Evidence: 
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3. Accessibility for interoperability 

 

A1 – For all informational images (diagrams, charts, product photos), is a textual description or 

legend visibly positioned immediately next to the image? 

 

0 1 2 NA 

 

Evidence: 

 

A2 – Do gray texts or colored texts on a colored background visually stand out clearly without eye 

strain when reading? 

 

0 1 2 NA 

 

Evidence: 

 

A3 – Is it possible to enlarge the text on the page (e.g., using the Zoom function in the browser) to at 

least 200% without the text overlapping or extending beyond the screen (horizontal scrolling)? 

 

0 1 2 NA 

 

Evidence: 

 

A4 – Using the print option in the browser (Print Preview), does the page display with a clear and 

hierarchical list of headings (without large blocks of unformatted text)? 

 

0 1 2 NA 

 

Evidence: 

 

A5 – When clicking directly on the textual description of a field (whether displayed outside the field 

as a separate element or inside the field as part of the input content), does the cursor automatically 

position itself in the corresponding input field? 

 

0 1 2 NA 

 

Evidence: 

 

4. Organizational interoperability 

O1 – Does the interface enable easy and efficient transactions (e.g., sending inquiries, making 

purchases, logging into the portal)? 

0 1 2 NA 

Evidence: 
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O2 – After submitting a key request (e.g., login, order status check), does the visual display change 

immediately (e.g., a new page appears, or an icon/text “Loading…”)? 

0 1 2 NA 

Evidence: 

O3 – Do “calls to action” clearly guide the user toward the desired business goal? 

0 1 2 NA 

Evidence: 

O4 – Does the interface provide unambiguous feedback on the success or failure of an action (e.g., 

“Thank you, your message has been sent”)? 

0 1 2 NA 

Evidence: 

O5 – In the browser tab title and page URL, is the topic clearly and unambiguously visible? 

0 1 2 NA 

Evidence: 

4.2. Structure of the Proof Mechanism: Technical and Interaction Validation 

To achieve the greatest objectivity of the evaluation, avoiding evaluator bias, completion of the 

MEAIWI questionnaire does not only rely on subjective  judgment, but requires a strict verification of 

all the answers. This verification process is dual in nature and is undertaken by two complementary 

sets of activities defined as follows: 

1. Technical aspects for verification and 

2. Interaction aspects for verification. 

In this way, it is possible to take into account each of the questions identified in the questionnaire 

from two perspectives: the perspective of the system architecture (code) and the perspective of the 

user experience (usage). 

1. Technical aspects for verification  

The first level of verification consists of Technical aspects for verification, which are focused on the 

"under-the-hood" analysis of the interface. This set of activities involved reading the source code ( 

HTML, CSS, JS ) directly and using a set of diagnostic tools (Developer Tools, Browser consoles, 

automated validators and so on).  
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The purpose of the technical aspects of verification is to establish that technical prerequisites to 

interoperability (those not visible to the naked eye) are met. For instance, technical verification will 

check whether there is alternative text in the code for an image, whether interactive elements are 

semantically correctly defined, or if there are hidden errors that prevent the loading of resources. 

Answers to these questions can be delivered by IT experts, ergonomists with technical knowledge, or 

can be divided to some extent using software tools. 

2. Interaction aspects for verification (experience validation) 

The second level of verification is Interaction aspects for verification that requires the evaluator 

(ergonomist or trained user) to interact with the system in real-time. These aspects simulate the real 

user scenarios to empirically verify the behaviour of the interface.  

The focus is on perceptual and cognitive aspects of use: whether the wait for loading was frustrating, 

whether the way to navigate through the menu makes sense, and whether feedback after an action 

(e.g. submission of a form) is clear and unambiguous. Unlike the technical verification, this method 

involves human evaluation of the context, comfort and understandability of the information 

displayed.  

Unified application 

Although some simpler questions can be confirmed by applying only one method, the most complex 

ergonomic evaluation is achieved through the unified application of both mentioned aspects. For 

example, to confirm the accessibility aspect (e.g., question A5), it is not enough to visually verify that 

a text description of the field exists (Interaction verification); it is also necessary to technically 

confirm that in the code this description is linked to the field through the appropriate attributes (label 

for/id), and then interactionally verify that clicking on the text actually moves the cursor into the field. 

Only when the conditions of both aspects are met—that the system is technically correctly 

constructed (based on the implementation of technical verification questions) and that it functions 

effectively in practice for the user (based on the implementation of interaction verification questions) 

- can it be considered that the requirement of ergonomic interoperability is fully satisfied (score 2). 

Synthesis of findings from independent evaluators 

The methodology stipulates that the evaluation can be carried out by two independent evaluators 

(auditors) using the same questionnaire, with each evaluator applying a specific set of verification 

questions:   

 • Technical auditor - evaluates items by applying technical aspects (questions) for verification.   

 • Interaction auditor - evaluates items by applying interaction aspects (questions) for verification. 

Both auditors assign scores of 0, 1, 2 or NA independently for each question in the questionnaire, 

based on evidence from their respective domains. The final score for each item is formed by 

comparing the scores of both auditors and applying the principle of the minimum score Efinal = min 

(Etechnical, Einteraction). This principle is applied because ergonomic interoperability requires that 
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conditions are met simultaneously at the technical and interaction level. A detailed presentation of the 

decision matrix for forming the final score with an interpretation of all possible combinations of 

auditor findings is given in Table 1. When assigning a score, only aspects that are applicable to the 

observed website are considered, while aspects that are not applicable (because of the absence of 

corresponding elements or scenarios) are not considered in the decision-making process. 

Table 1. Matrix of synthesis of findings of the technical and interaction auditor and the principle of forming the 

final score. 

 

4.3. Quantification of Ergonomic Interoperability Levels and Decision Thresholds 

After the evaluation and synthesis of findings by independent auditors, qualitative assessments are 

converted into one quantitative indicator - the Ergonomic Interoperability Index for a website. This 

process allows ranking of the web presentation objectively and comparing it with standardized 

performance criteria.  

Calculation method 

The first step in quantification is to determine the number of applicable questions (M). To make sure 

that the assessment is correct and reflects the actual context of use, questions judged as "NA" (not 

applicable) are completely excluded from the calculation - for example, questions about e-commerce 

are not counted for websites that do not have this functionality. This way the web presentation does 

not have to be penalised for not having functionalities that are not relevant for the purpose the web 

presentation is serving. 
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The highest attainable system score is based on two times the number of applicable questions (2 x M) 

because the highest rating on an individual item is 2. The final result is found by dividing all the 

obtained points by the maximum score possible, then expressed as a percentage, following the 

formula: 

 
Interpretation of results and decision thresholds 

 

Based on the obtained percentage value, the level of ergonomic interoperability of the interface is 

classified into one of four maturity categories, which define the necessity of corrective measures: 

 

•  Satisfactory level (≥85%). The interface is of high ergonomic interoperability standards. The 

system is robust, user friendly and technically correct. Any shortcomings are minor and do not impact 

the execution of the task; only minor corrections are needed. 

• Level requiring minor improvements (70–84%). The interface is generally functional but 

sporadically, there are deficits in consistency, accessibility, or technical optimization that can 

possibly impede the interaction of certain groups of users. 

• Level requiring significant revisions (50–69%). There are systemic problems in human-computer 

interaction. Users encounter barriers which require increased cognitive effort or cause errors. A 

detailed plan of revision and implementation of corrections is needed.  

• Critical level (<50%). The interface fails to satisfy the basic conditions of ergonomic 

interoperability. The number of technical and interaction barriers is such that partial fixes are not cost 

effective; a complete redesign of key parts of the interface is recommended before deployment. 

 

The rationale of the applied evaluation scale is that it's correlated with standard psychometric 

usability scales and the principles of engineering reliability. These thresholds represent the 

nonlinearity of the user experience: a few errors can have a huge impact on user satisfaction, and user 

experience can only be perfect with an inordinate effort. 

 

5. EXAMPLE OF ASSESSMENT OF WEB PRESENTATION INTERFACE 

INTEROPERABILITY 

 

For practical verification of the defined methodological framework, a comprehensive assessment of 

the interoperability of the user interface of the official Padbury Parish Council web presentation, 

available at: https://padburyparishcouncil.com/, was carried out. The study covered the analysis of 

four key domains: technical interoperability, semantic interoperability, accessibility for 

interoperability, and organizational interoperability. The evaluation results are systematized in the 

Table 2 below, which for each defined criterion (question from the questionnaire) comparatively 

presents the technical finding (based on source code analysis, system parameters, and standards) and 

the interaction finding (based on empirical verification of user experience and functionality), thus 

providing a holistic insight into the degree of compliance of the analyzed system with interoperability 

principles. 
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Table 2. Results of the assessment of the interoperability of the Padbury Parish Council web presentation 

interface using the MEAIWI method. 
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5.1. Results Analysis 

 

By applying the defined formula for calculating the level of ergonomic interoperability, based on the 

aggregate data from Table 2, the following parameters were obtained: 

 

• The total number of analyzed items (questions): 20 

• Maximum possible score (2 × M): 40 points 

• Achieved total score: 35 points 

 

The percentage value of compliance is calculated as follows: 

 

 

According to the defined scale, the result of 87.5% places the Padbury Parish Council web interface 

in the category: satisfactory level (≥ 85%). 

This means that in this case, the interface corresponds to high standards of ergonomic 

interoperability. The system is robust, user-friendly and technically sound. Any shortcomings are 

minor and do not have an impact on the execution of the tasks, which means that only minor 

corrections are required. 

5.2. Discussion of Results 

Although the overall result is high, a detailed domain analysis indicates specific points of 

discontinuity in human–computer interaction which, although they do not block functionality, reduce 

the overall user experience. 
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Technical interoperability (score: 9/10) 

The website demonstrates exceptional technical stability. The use of standard HTML5 elements, 

optimization for mobile devices (Responsive Design), and fast loading (Low Page Weight) form the 

basis of the high score. The only identified shortcoming (T4) concerns the absence of a mechanism to 

skip navigation (“Skip to content”). This may not be of significance to the average user, but it is a big 

impediment to efficiency among users who would only use the keyboard or the screen readers and 

then they have to engage in boring repetitive actions. 

Semantic interoperability (score: 7/10) 

This is the lowest rated domain. Although the basic terminology is clear, some problems were noticed 

in communicating meaning in certain contexts: 

•     Icons (S2). The lack of the use of textual labels of aria-label causes that certain controls can only 

be interpreted through the sense of sight. 

•  Validation (S4). The most serious UX flaw is the display of an error message on a green 

background (which means success in semantic terms). This contradictory visual signalling 

extends the cognitive processing of the user. 

•    Location (S5). The absence of structured information about the physical location or an accurate 

indicator on the map makes it impossible to link it with external navigation services. 

Accessibility for interoperability (score: 9/10) 

The site generally complies with WCAG guidelines, particularly regarding contrast, text scaling, and 

print adaptation. The only score reduction (A1) is related to map interpretation, where the absence of 

a legend or textual alternative leaves the user without precise context about what the graphic 

representation conveys. 

Organizational interoperability (score: 10/10) 

This domain had the highest level of performance. Business processes on the site (contact form, 

document search) are simplified to the essence. The "flat" architecture without superfluous steps, 

clear calls for action, and unambiguous feedback on the status of the request creates a frictionless 

interface that is an example of good practice for information portals in the public administration 

sector. 

5.3. Suggestions for Improvement (Corrective Measures) 

Since the site has been classified in the category requiring minor corrections, the following targeted 

interventions are recommended, in order to bring the result closer to full compliance: 

1. Implementing “Skip Links” solves the problem found in question T4. Add a hidden link at the 

beginning of the <body> tag that becomes visible on focus (Tab) and allows a direct jump to the main 

content (<main>). 
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2. Correcting visual validation solves the problem found in question S4. CSS styles for error 

messages should be changed to have a red background or border, and clear instructions on how to 

correct the input format. 

3. The problems of questions S2 and A1 are solved by adding semantic markers. All icons should be 

provided with aria-label attributes with the description of their function. The map should be presented 

with a title or legend on the geographical scope that it is showing. 

4. Explicit location data solves the problem found in question S5. The "Contact Us" page should 

contain the textual address of the institution (if there is an office) or a clear note about operating 

procedures, in order to eliminate user uncertainty. 

 

6. CONCLUSION 

 

The basic scientific and practical contribution of this study is the definition and operationalization of 

ergonomic interoperability of interfaces that have not been systematically addressed in the literature 

before. While traditional approaches to evaluating web systems are fragmented - considering 

technical performance, accessibility or usability separately - the presented methodology is the first in 

the world to integrate these aspects into a single framework, treating the interface as a critical meeting 

point between the biological logic of the user and the digital logic of the machine.  

 

The important innovation of the MEAIWI method is the double verification mechanism. By 

introducing parallel streams of assessment - technical (analysis of code structure and parameters of 

the system) and interactional (the analysis of experience and cognitive factors) - the methodology 

avoids shortcomings of standard tests. It shows that the technical correctness of code (e.g. the 

existence of an alt tag) does not always ensure ergonomic functionality (e.g. the comprehensibility of 

the content of that tag for the user), thus redefining the very notion of quality of digital service. 

 

For the first time, this work provides a quantitative instrument (the ergonomic interoperability index 

of the interface) that allows quantifiable ranking of the maturity of interfaces of web presentations. In 

doing this, the abstract requirements of human-centered design, proclaimed through the vision of 

Industry 5.0, are put into concrete, engineering-measurable indicators. The MEAIWI method does 

not consider the user as an external element that has to be adapted to technology, but rather as a 

component of the socio-technical system whose cognitive and physical features are the starting point 

for the definition of ergonomic interoperability.  

 

The results of the conducted analysis revealed that the web presentation of Padbury Parish Council is 

an example of a system with optimal, simple, and efficient presentation. The reason behind the high 

level of interoperability is a minimalist design that stays away from complex functions, which 

minimizes the possibility of errors. With the implementation of the proposed minor corrections, the 

website would have met the even strictest criteria for ergonomics both with regard to technical and its 

interactional validity. 

 

It needs to be emphasised that the proposed methodological framework is not limited to simply 

evaluating websites. It forms the basis for the ergonomic interoperability standardization of the 

digital environment. Its universality allows its application on various types of digital interfaces from 
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e-government portals to web presentations of complex industrial systems, in order to ensure that 

technology acts for humans in a way that is not only efficient, but also cognitively adapted and safe. 
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