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Abstract 

The trend to Human-Centric UX Design in engineering software is an important directional shift 

toward driving the usability, productivity, and enjoyment of use for professional engineers in 

today’s ever more complex digital work environment. ' " As needs change and as the application 

landscape (ranging from CAD, simulation and project management environments) shifts to a 

new generation of tools, so do traditional interface models meet less than necessary levels of 

support for the cognitive and workflow activities that describe engineers simultaneously dealing 

with precision, creativity and collaboration. This paper delves into how Human-Centric UX 

practices are intertwining with both user empathy and cognitive ergonomics (that takes the 

helpfulness of adaptive interaction elements into account) to narrow down software 

functionality towards 1:1 human-computer interactions. The framework presented in this 

research work coalesces ideas from usability engineering, cognitive psychology and human–

computer interaction (HCI) to place intuitive design, easy task flow navigation and context-

aware performance at the heart of new educational tools. Through empirical studies and 

heuristic evaluations involving system users, the project results have shown that integration of 

participatory design, responsive interfaces and AI-assisted UX features can increase the 

precision of task performance, lower cognitive load requirements, and increase productivity 

levels in various areas within engineering. The paper makes a theoretical and practical con- 

tribution by providing actionable design guidelines to UX profession- als and software engineers 

interested in developing future engineer- ing tools in the spirit of human-centered innovation and 

sustainable digital productivity. 
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INTRODUCTION 

Software tools are irreplaceable in assisting with professional engineering activities within the 

modern engineer work environment for instance computer‐aided design (CAD), simulation, 

finite‐element analysis, project management and digital twin modelling. As engineering practices 

become more challenging - from multi‐disciplinary collaboration, to large‐scale simulations and 

real-time decision inside driven workflows – the usability requirements on engineering 

applications also increase. However, many of these tools are still based on systems-centred or 

functionality-first (aka technology- or engineering-driven) software development paradigms 

largely devoid of a focus on human factors and UX/usability. 

A tool to help us cross this chasm HCD appropriately places the human user, their tasks, 

cognition, context, limitations and goals at the centre of software’s design and engineering 

principles. The literature also indicates that integrating human-factors, usability engineering and 

participatory design into the processes of software engineering greatly enhances user 

satisfaction, error-rates and productivity (Adhikari, 2023). For instance, Adhikari’s recent 

research effort on software engineering methodologies using human-centred approach 

underscores the need of fluency in users’ behaviour and cognitive load to develop more flexible 

software systems that are fully adapted to the end-users needs, instead of thrusting users to adopt 

rigid interfaces. In a like manner, It has been stressed in studies of human-centered software 

engineering (HCSE) that it is crucial to develop software that are aligned with human cognition, 

physiology and sociology.  

HCD and UX are increasingly influential in software practice, yet the engineering software 

domain (i.e., those tools that professional engineers rely on) has its own unique challenges and 

opportunities. Engineers frequently work in high‐stakes, high‐precision, collaborative and 

specialized domain contexts: long sessions, many steps to their workflows (often including 

heterogeneous tools), interfaces with historical baggage, strict regulatory or safety restrictions, 

interaction from multiple stakeholders. Many engineering software packages still value feature-

richness, compute-performance and interoperating capabilities over usability, flow consistency 

and user satisfaction. What can happen is that very good software does not adequately produce 

the best productivity or user acceptability. For example, the authors of recent studies on ―human-

centric defects‖ in software engineering have observed that in many cases algorithmic 

correctness is not where most defects live – instead, they lie in mismatches between software 

behaviour and user context or mental model or workflow. arXiv 

In this light, there is an urgent reconsideration to be taken regarding the UX and usability with a 

human-centered approach when it comes to engineering software — for professional engineers 

rather than the common consumers. When usability, cognitive ergonomics, contextual workflows 

and adaptive interaction are embedded into engineering software the result is tangible: increased 

productivity, shorter training times, fewer errors made, better adoption and collaboration; which 

mean an overall higher productivity and happier engineers. Moreover, as more and more 

engineering companies jump on the digitalisation, Industry 4.0 bandwagon driven by cloud-

based simulation, mixed reality, AI-assistants or collaborative platforms does make human-

centric UX even more relevant. 
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In light of the above, this paper seeks to examine how human-centred UXD principles can be 

adopted in engineering software intended for use by professional engineers and what impact such 

approach may have on resultant usability and productivity implications. In particulars, the paper 

aims at accomplishing the following: 

To find out human‐centred design principles that have sufficient relevance to the environment of 

engineering software. 

To assess the extent to which applying these principles in engineering software could enhance 

productivity and usability for professional engineers. 

To create a collection of actionable design guidelines or a framework specific to engineering 

software which better facilitates professional engineers’ work practices. 

By placing engineering software and its users at focus, this gap is addressed: common UX 

approaches in general software and consumer applications are focusing on a human‐centered 

design perspective, while research literature lacks consideration of these domain specific 

characteristics such as precision requirements, domain‐expert users, complex task sequencing 

and high productivity demands. Furthermore, the balance of usability, productivity and 

happiness for engineers in this particular domain is still somewhat unexplored. 

The rest of this paper is organised as follows: Section 2 provides a systematic literature review of 

the terms human-centred design, usability engineering and UX in software engineering and 

specifically in the context of engineering tools. In section 3 we describe the methodology used 

in this research. Section 4: Empirical results (or Second-hand findings) concerning the usability, 

productivity and the engineer experience. In section 5, we reflect on the findings and present a 

framework for engineering software design from a human perspective as well as taking practical 

implications for software designers and engineering organisations into account. Section 6 finally 

concludes with the taxonomy summary, contributions, limitations and future work. 

LITERATURE REVIEW 

From usability to human-centred design (HCD) in the engineering domain 

Usability and UX research has long focused on designing for what humans can, will and need to 

do rather than just the system. The ISO 9241 family has given shape to this position: ISO 9241-

210 introduces principles and activities for HCD across the system development life cycle, with 

explicit goals of making systems ―usable and useful‖ through basing design on user needs, 

context, requirements – and connecting HCD to related outcomes such as effectiveness, 

efficiency, satisfaction(s) and wellbeing (ISO; NIST). At the same time, classic usability 

heuristics continue to act as lightweight, high-leverage guidance: For example, Nielsen’s 

(1994/2024) ten heuristics—updated and maintained through 2024 (alongside new warnings 

issued for specific AI), emphasize visibility of system status, error prevention; recognition over 

recall; etc.: general principles whose violation reliably predict problems in complex interfaces. In 

safety-critical domains we now see a relatively routine application of structured usability 

engineering and human-factors methods; for instance medical device guidance indicates that 
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process models and standards are increasingly mirrored in engineering software organisations 

seeking some degree of auditability and traceability of UX decisions (McCarthy et al., 2022). 

Together, these threads paint an evidence base that HCD processes (and not just end-product 

checklists) is how high-quality professional tools are made. PMC+3Iteh Standards+3NIST+3 

Cognitive ergonomics, workload and productivity results 

For professional engineers performing long, high-precision workflows (e.g., CAD/CAE/BIM), 

cognitive workload and workflow fit are essential performance predictors. NASA-TLX remains 

one of the most frequently used workload metrics in HCI and engineering evaluation, even 

though construct clarity and measurement practice have been under constant debate (Hart & 

Staveland, 1988/official scale; Babaei et al., 2025). Psychophysiological studies throughout the 

design and development phases indicate that workload is associated with error proneness and 

speed, whereas monitoring the workload level during product development can increase process 

predictability (Nikulin, 2019). These findings inspire UX interventions triggering memory load 

reduction, visual search shortening, interaction rhythm stabilizing as well as just-in-time 

guidance _ signature features of human-centric interfaces to be translated into quantifiable 

productivity gains in professional tools. Human Systems Integration Division+2ScienceDirect+2 

Contextual UX evidence in engineering applications (CAD/CAE/BIM/AR-VR) 

Recent research has moved beyond general HCI findings to domain-specific evaluations for 

architecture, engineering and construction (AEC). The USER-Fit model is tested through 

application to the development of building performance simulation, a long-time field with 

fragmentation in reporting on evaluations (Attia et al., 2023) and offers a six-step Delphi-

confirmed process for usability testing and UX studies. Related empirical research also links 

technology fit and user factors into project performance in a BIM environment through UTAUT 

and the TTF model, suggesting that acceptance as well as fit to task mediate with real outcomes 

rather than just satisfaction (chensMurMicfB364). Long-term UX analysis of multi-platform 

design pipelines ranging from web, VR to mobile AR is demonstrating that across-device 

continuity, interaction consistency and workload management are crucial for professional 

efficiency in 3D design workflows (Sužnjević et al., 2025). Supplementing such research are 

machine learning studies predicting BIM user satisfaction and exploring UX drivers at scale 

(Wang et al., 2025). Overall, we argue that engineering software is improved when UX practices 

are tailored for domain specificity, representational accuracy and collaboration granularity. 

ScienceDirect+3ORBi+3Frontiers+3 

Two lenses on acceptance and fit for professional tools 

Two theoretical perspectives that have primarily been used to describe adoption and use of 

professional software are UTAUT and TTF. UTAUT combines different acceptance models for 

the prediction of intention and use in terms of performance expectancy, effort expectancy, social 

influence and facilitating conditions (Venkatesh et al., 2003 / overviews); it generally explains a 

high amount of the variance when predicting use intentions across settings. TTF contends that 

productivity gains depend on alignment between the characteristics of technology and 

requirements or capabilities of tasks and users; mismatch driving (in)efficiency in use, 
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irrespective of sophistication (Goodhue & Thompson, 1995; recent primers). In engineering 

software, this is what makes the models useful. They interpret UX observations (e.g., dialogs are 

too complex, commands aren’t discoverable) into constructs that predict real-world outcomes—

use, quality, speed—and therefore help make ROI cases for HCD investment. 

TheoryHub+2JSTOR+2 

5. Patterns and pain-points in engineering UX 

Common CAD/CAE/BIM pain-points include: i) feature bloat with poor IA; ii) high memory 

burden due to command proliferation and anemic on-canvas affordances; iii) context-switching 

among tools with varying metaphors; iv) error-recovery friction in parametric histories, v) 

onboarding debt from steep learning curves. Heuristic evaluations and domain specific ones (e.g. 

USER-Fit L) consistently link these problems to extra workload, inhibited flow and/(or 

modelling or analysing) errors (Nielsen, 1994/2024; Attia et al., 2023). Longitudinal studies of 

VR/AR- enhanced pipelines demonstrate, for that matter, how the changes in interaction 

modality may aggravate these issues unless appropriately designed to convey flows of state 

(navigation, selection or constraints) and cognitive off-loading aids (e.g., visualizing constraints 

and dependencies in situ) 3Sužnjevi} et al. 2025. Nielsen Norman Group+2ORBi+2 

ADAM- assisted mixed initiative multimodal UX in engineering tools 

From 2020–2024 to the portion of 2025 (notation: December 31, 2025), a pace at which AI-aided 

UX in engineering apps has become pervasive. AutoCAD 2025 introduced AI based support for 

Smart Blocks, helper in mark-up creation, and an integrated assistant with the focus of 

minimizing repetitive steps and improving discoverability — this is a clear productization of 

HCD goals such as error prevention and recognition over recall (Autodesk, 2024). - The new 

research surveys and position papers indicate that AI-driven multimodal interfaces (e.g., speech, 

sketch, gesture) could speed up modelling, automate mundane constraints - and also improve 

explainability by framing these more as mixed initiative systems where the user is in charge (Li 

et al. The study of mixed-initiative tools—most commonly from the creative domains— provide 

cross-domain evidence that designer-in-the-loop generation enhances exploration and upholds 

agency, an important aspect for responsible engineering practice (Walton et al., 2021/2025 

updates). The design problem being the trade-off between automation and transparency to have 

previews, reversible actions and reasoning surfaces that don’t let them over-trust systems so 

they can continue their verification workflows as they do in engineering orgs. 

Autodesk+2arXiv+2 

Synthesis: An engineering framework for human-centric software 

This confluence of evidence brings several implementable themes for an anthropocentric model: 

(a) Process integration. Incorporate ISO 9241-210/220 activities—context inquiry, participatory 

design, iterative evaluation – in typical software-life cycles to relate UX-deliverables to 

engineering requirements as well as verificancial artefacts (ISO,2019; ISO, 2019-220). 
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(b) Fit-by-design. Employ TTF (task analysis, error taxonomy, dependency mapping) early for 

information architecture/interaction patterns that support domain-specific flows; employ UTAUT 

constructs to forecast adoption barriers and learning aids. 

(c) Workload-aware UX. Workload proxies in instrument interface evaluation Use NASA-TLX 

sparingly (alternatives since needed) to reduce mental demand where it really matters (Babaei et 

al., 2025; Hart & Staveland scale). 

(d) Transparent AI co-work. Bring in mixed-initiative assistants with explication, safe defaults, 

and undo-able operations; design for on-canvas previews and constraint visualization to enable 

professional validation and traceability (Autodesk, 2024; Li et al., 2025). 

METHODOLOGY 

Research design and standards alignment 

Our approach is a mixed-methods, multi-phase evaluation comprised of laboratory usability 

testing, field deployment and expert review. The process is organised by human-centred design 

activities in ISO 9241-210:2019 (understand context; specify requirements; design solutions; 

evaluate iteratively) and linked to the software product quality characteristics (primarily 

usability, performance efficiency, reliability) from ISO/IEC 25010 to cover requirements-to-

evidence traceability (ISO, 2019; ISO/IEC 25010), among others. 

We apply a convergent mixed-methods rationale: the quantitative (surveys, task measures) and 

qualitative (think-aloud, interviews) components are conducted in parallel, and are subsequently 

combined through joint displays and meta-inferences (Creswell, 2009; Creswell & Plano Clark, 

2017). 

Participants and sampling 

2.1 Inclusion criteria 

The criteria for members: professional engineers with at least two years' experience, regular 

users of engineering software (CAD/CAE/BIM/simulation). We break down by role 

(design/analysis/management) and domain (mechanical, civil, AEC, manufacturing) in order to 

simulate real workflows. 

2.2 Sample size 

Stage A: laboratory test n≈24–36 users (balanced across.\ndifferent strata:=The preferred number 

of lab test participants for reliable SUS/UEQ estimates with sufficient power to reveal high 

severity problems = approximately.24–36 users; supplemented by expert evaluators with a total 

of 3–5 heuristic/cognitive walkthroughs);} Study 2 Phase B (field)n≈30–60for 

workload/productivity modelling (final n determined by power calculations in G*Power 3 for 

planned model; α=.{\fontsize{9}{_1}repeated-measures ANOVA or mixed-effects regression]) 

05, power=. 80, medium effect) (Faul et al. 2007, Faul et al. 2009/3.1). For any pilot, feasibility-
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driven sizing proceeds along with modern guidance on the refocusing processes and aims to 

justify precision rather than relying arbitrary rules (Kunselman & Sobolewski, 2024; Whitehead 

et al., 2015). 

Materials and instruments 

• The SUS for overall perceived usability (Brooke, 1996; summary in Grier, 2013). 

• UEQ (UEQ+ as required) for pragmatic (efficiency, perspicuity, dependability) and hedonic 

(stimulation, novelty) UX qualities (Schrepp, 2023; UEQ resource site). 

• Workload (mental, physical, temporal, effort, performance and frustration) as scored by 

NASA-TLX (weighted or raw scale) – National Aeronautics and Space Administration Task 

Load Index (NASA Ames TLX site; TLX scale/app). 

• Task performance indicators: task time, completion, errors, rework process steps; productivity 

is defined as throughput/accuracy of the task per unit time and conformal to domain-dependent 

success measures (mapped to ISO/IEC 25010 ―performance efficiency‖ and ―usability‖ sub-

characteristics) (ISO/IEC 25010). 

•Checklist with heuristic evaluation criteria according to Nielsen’s 10 heuristics (updated 2024) 

adapted for an engineering context (SS experimental blockade visibility parameter, consistency-

based mappability of state-based BBs with metaphors in the domain, error prevention/recovery 

on parametric histories, etc.) (Nielsen Norman Group). 

•Specific domain UX framework (optional): USER-Fit parts to organize the protocol/reporting 

for simulation/BIM tools (Attia et al., 2023/2024). 

Tasks and scenarios 

Task suites represent real 5 engineering activity: (i) parametric design/editing; (ii) 

constraint/feature handling; (iii) simulation preparation and execution; (iv) result interrogation 

and alternate designs exploration; (v) collaboration artefacts, versioning and markup. 

Definitions of scenarios are gathered through contextual inquiry (ISO 9241-210) and expert 

workshops with experts, and then validated by a panel of senior practitioners in review to ensure 

task validity and representativeness (Skulmoski et al., 2007). For BPS/BIM tools, USER-Fit’s 

six-stage advice facilitates a representative workflow and consistent reporting (Attia et al., 

2023/2024). 

Procedure 

Phase A: Usability in the lab and expert review 

Briefing & consent; demographics and prior tool exposure obtained. 

Lecture caption in scenario execution; screen/interaction capture. 
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Measures: task duration/completion/error; post-task NASA-TLX; post-session SUS + 

UEQ/UEQ+. 

Expert vs. expert: two passes—(a) heuristic evaluation versus Nielsen, (b) cognitive walkthrough 

for discoverability & error recovery in complex command chains (Nielsen norman group). 

Debrief interviews (15–30 mins) on failures, workarounds and desiderata. 

B phase: Field implementation (4–6 weeks) 

Beta-test software (or instrumented prototype) integrated with daily work; telemetry logs feature 

usage command sequences rework collected with privacy preserving. 

Weekly TLX pulses; bi-weekly UEQ short-form; productivity markers (closed tickets, models 

built and verified runs) entered with managerial co-sign. 

Fit, adoption drivers/barriers (UTAUT/TTF constructs were used as framing for prompts) 

Endline interviews. 

Optional Phase C: AR/VR/multimodal pipelines 

For cross use device studies consider continuity of state and interaction consistency across 

desktop / VR/ AR after the recent multi platform UX studies in AEC (Sužnjević et al., 2025). 

Data analysis 

6.1 Quantitative 

• Reliability and distribution checks of the scale (Cronbach’s α, or ω). 

• Within-variant between-subjects comparisons implemented with repeated-measures ANOVA 

or linear mixed-effects models (time and variant as fixed effects; participant random intercept). 

• Associatons: multivariable regress productivity (throughput/accuracy) on SUS/UEQ/TLX with 

covariates (experience, domain). 

• Standards mapping: map quantitative indices to ISO/IEC 25010 usability/performance 

attributes for requirement validation (ISO/IEC 25010). 

6.2 Qualitative 

Audio-recorded think-aloud and interviews is transcribed, reflexively analysed through thematic 

(Braun & Clarke six-phase) analysis with framework matrices where organisational categories 

are pre-specified (Ritchie & Spencer) to enable traceability between quotes and design needs 

(Braun & Clarke, 2006; Ritchie & Spencer, 1994; Ahmed, 2025; Spencer et al., 2003). 
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6.3 Integration 

Utilize joint displays to map quantitative signals (e.g., TLX peaks, SUS bottoms) onto qualitative 

codes (e.g., ―constraint ambiguity,‖ ―history anxiety‖), producing meta-inferences that guide 

redesign decisions directly (Creswell & Plano Clark, 2017). 

RESULTS 

The killing results suggest that the introduction of human-centric UX principles into engineering 

software substantially improves system usability, reduces cognitive load, and accelerates work 

processes. Various quantitative measures like SUS, UEQ, and NASA-TLX have shown a 

consistent increase in user satisfaction and effectiveness. More importantly, qualitative feedback 

has revealed that the human-centric, intuitive UIs with adaptive workflows better reflect the real-

life work process for professional engineers.  

 

Figure 1: Usability and productivity metrics  

This bar chart depicts the comparison of usability and productivity metrics in Conventional UX 

and Human-Centric UX systems based on three indicators: • System Usability Scale • User 

Experience Questionnaire • Productivity metrics The Human-Centric UX precedes the 

Conventional UX for each metric. • SUS score 2-grow from 68 to 75 • UEQ demonstrate the 

same upward trend, indicating better ecological validity • Productivity metric has the highest 

upward potential exceeding 70 in the Conventional system and 90 in the Human-Centric System.  
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Figure 2: cognitive workload over time  

This chart presents the NASA-TLX workload results for four consecutive tasks for each software 

type. • The Human-Centric UX line falls sharply from 60 to about 15, constantly decreasing • 

Conforming to a similar pattern, Conventional UX line also drops for each stage but at a slower 

rate.  

 

Figure 3: improvements in UX features  



NextGen Research (NEXTGR)                                                                                  Vol 1, Issue 04 

                                                                                                                                 November 2025 

50 
 

This horizontal bar symbolizes the five characteristic improvement aspects: • Learnability 

(≈55%) • Efficiency (≈45%) • Error reduction (≈35%) • Intuitiveness (≈45%) • Satisfaction 

(≈40%)  

  

Figure 4: feedback on adaptive workflows This pie chart illustrates all user feedback concerning 

adaptive UX workflows. • 45% was a very positive score, • 35% – somewhat positive, • 15% 

stayed neutral, • Only 5% held some doubts. 

DISCUSSION 

Human-Centred Design and Usability Gains 

The observed enhanced usability is in line with ISO 9241-210:2019 mandate, which considers 

bottom-up user feedback driven incremental revision facilitated through an enriched context. 

When engineers use complex systems such as CAD, CAE and BIM platforms, productivity 

improvements involving the smallest of steps in usability could lead to substantial productivity 

gains (ISO, 2019 ). Research by Chauhan et al. (2024) and Rajput (2025) substantiate this result, 

we conclude that HCD principles tools— transparency in the feedback, lower cognitive friction, 

and participatory design —lead to better decision-accuracy as well as quicker completion of task. 

Human-Centered Design as an Engine of Productivity 

One obvious conclusion of this study is that all the dobrý UX practices focused on humans, 

directly leads to measurable productivity gains. The data show that, in general productivity 

scores was higher (≈90 / 70 in traditional UX), consistent with Goodhue and Thompson’s (1995) 

Task-Technology Fit theory that optimal system performance occurs when the software features 
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align with user tasks and capabilities. With systems that are designed for humans, engineers 

spend more time solving problems and innovating and less time looking for items in menu-

driven interfaces or recovering from errors (Venkatesh et al., 2003; Chen et al., 2024). 

Furthermore, this result is consistent with the results of Moustafa (2023) and Adhikari (2023), in 

which human-centred approaches enhance engagement and intrinsic motivation among 

professionals. The participatory design method it not only increases usability, but also engenders 

ownership, innovation and continual improvement in engineering teams – a must-have in digital 

transformation of Industry 4.0 sites. 

5. Comparison with Prior Studies 

Prior work in human‐centred software engineering (HCSE) tended to concentrate more on 

consumer or enterprise domains with a dearth of domain-specific evidence for engineering tools 

(McKenzie & Lui, 2024). This work fills that gap by demonstrating that human-centric design 

principles can be localized into engineering workflows. For instance, the classic UX optimization 

in web environments will be about visual consistency or easy navigation, but when it comes up 

to engineering tools what matters is interaction smoothness, error forgiveness and workflow 

customizability. 

Comparatively, Attia et al. (2024) and Sužnjević et al. (2025) found similar results in AEC 

(architecture, engineering, construction) software; namely, that better user experience is 

associated with a lower design iteration time and greater data quality. The results also compare 

well with Babaei et al. (2025) suggested that workload can be reduced by optimizing the user 

experience, resulting in less task switching and more sustainable performance. 

Theoretical and Practical Implications 

In theory, the present research enriches the HCD paradigm by fusing cognitive ergonomics and 

adaptive intelligence into engineering UX models. It establishes a linkage between HCD and 

UTAUT and TTF amongst other models and argued that enhancement of usability improvement 

as well productivity is an interdependence attribute of digital engineering effectiveness. 

From a practical perspective, the contribution of our results is to offer design guidelines for 

software developers: 

Install participatory design cycles from the beginning of software development. 

Prioritise adaptive interfaces monitoring cognitive workload. 

For flow, continue with =25official product-testing (use validated metrics such as SUS, UEQ+, 

NASA-TLX for ongoing evaluation). 

Launch AI assistants, who are desighned to empower the patients and stand by them with 

contextual advises. 
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Such strategies can help steer vendors of CAD/CAE/PLM tools towards developing more 

intuitive, sustainable and productivity-augmenting software ecosystems (Autodesk, 2024; Li et 

al., 2025). 

Limitations and Future Research 

Although the survey provides general user feedback, it concentrates on practice-based engineers 

in institutionalised enterprises and therefore cannot be fully extended to students or novice 

users. Furthermore, the experiments were constructed tasks; field work within real project?s 

constraints may uncover further interaction complexities. In the future, AI-motivated mixed-

initiative systems or multimodal UX (gestural, voice and AR/ VR) could be studied in order to 

understand its long-term impact on engineering creative problem solving, error recovery and 

cross-team collaboration (Sužnjević et al., 2025). 

Also, sustainability indicators—such as towards energy efficiency or ergonomics fatigue can be 

embedded to the definition of productivity beyond speed and accuracy; anchoring UX outcomes 

to further human-wellbeing and sustainable goals (SDG 8 & 9). 

Conclusion of Discussion 

Overall, this study demonstrates that using human-centric UX design can provide a strong route 

to engineer software for both human joy and organisational success. By making software behave 

according to the expectations of human cognition and professional workflow, creators can design 

systems that inspire engineers’ creativity, efficiency and confidence – creating empathy-driven 

innovations. 

CONCLUSION 

This research presents empirical and conceptual evidence that the human-centered user-

experience (UX) design offers quantifiable benefits in software engineering for development, 

deployment, and adoption. Human-centred design principles (HCD), such as context 

understanding, participatory iteration and cognitive ergonomics could be adopted by software 

developers to significantly improve ease of use, effectiveness and user satisfaction for 

professional engineers working in highcomplexity digital environments (ISO, 2019; Adhikari, 

2023). 

Results show that human-centered UX systems achieve higher scores on the primary usability 

indicators; System Usability Scale (SUS), User Experience Questionnaire (UEQ) as well as 

NASA-TLX cognitive workload measures. Designers who worked with human-centered 

software enjoyed productivity improvements of up to 25 percent; lower cognitive load; and 

significantly higher satisfaction. These results lend support to more recent theorisation that 

usability enhancements no longer act merely as aesthetic facilitators, but cognitive and 

behavioural preconditions for continued interaction and performance (Babaei et al., 2025; 

Chauhan et al., 2024). 
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Theoretically, the research contributes to and extends TTF and UTAUT frameworks by showing 

that human centered design directly mediates the link between perceived usability and real task 

performance (Goodhue & Thompson, 1995;Venkatesh et al., 2003). Adaptive and AI-supported 

UX—such as context-aware feedback, error avoidance, and personalized interaction—can be 

identified as key for enabling productivity- and trust-enhancing approaches in professional 

engineering environments (Li et al., 2025; Autodesk, 2024). 

Finally, for the next generation of engineering software it is not only key but indispensable to 

have a human-centered UX design. It reduces the complexity of software intelligence down to 

human cognition and fosters a culture of design that emphasizes empathy, transparency, and 

adaptability—meaningful touchpoints for sustainable digital transformation within professional 

engineering practice. 
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