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Abstract. This paper presents a systematic methodology for 
applying correlation analysis to optimize graphical user 
interface architecture in software systems. Simulation 
modeling based on secondary data from the hcidata database 
with parameters of 30 virtual operators confirmed statistically 
significant correlations (0.26-0.85) between interface 
parameters and performance indicators. An integrated 
mathematical model (IPE) was developed with 79.2% 
accuracy. The modeling showed that increasing button size 
from 32×32 to 48×48 pixels reduced errors by 42%, while 
increasing contrast from 3:1 to 4.5:1 reduced cognitive load 
by 18%. Economic analysis demonstrated ROI of 300% with a 
3-month payback period. 
Keywords: software architecture; graphical user interface; 
correlation analysis; system performance; UI optimization; 
human-computer interaction. 

I.INTRODUCTION AND PROBLEM STATEMENT 

Modern software systems increasingly focus on high-
quality human-computer interaction, where GUI architecture 
plays a key role. Non-optimal architectural decisions can 
reduce software performance by 15-40%, particularly critical 
for real-time and high-load computing environments [1]. Early 
approaches based on Nielsen's heuristic principles showed that 
experts can identify only about half of real interface problems 
[2]. Mathematical models including Fitts's law and the GOMS 
model [3] remain simplified and do not account for 
multidimensional context. 

A significant challenge is the replication crisis: less than a 
quarter of HCI experiments can be reproduced [4] due to small 
samples and lack of standardized methodologies. Recent 
studies show that non-optimal decisions increase response 
time by 200-300% [5], while optimization can reduce resource 
consumption by 35-45%. Despite the implementation of 
machine learning in interface analysis, meta-analyses show 
low correlations between metrics, though specialized 
experiments demonstrate higher values [6]. 

The research hypothesis posits that GUI architectural 
parameters have stable correlational relationships with 
objective system performance metrics, which can be 
formalized as a mathematical model for predicting UI 
efficiency. 

II.PROBLEM SOLUTION AND RESULTS 

Methodology. The methodological approach was based on 
the integration of system analysis principles, experimental 
psychology, and statistical modeling. Unlike traditional 
heuristic methods, the proposed methodology relies on 

correlation analysis as a key tool for quantitative assessment 
[3]. 

The simulation was based on secondary data from the 
hcidata database [7] with parameters of 30 virtual operators 
(average age 34.2±8.1 years) distributed by experience: 
beginners (n=10), experienced (n=12), experts (n=8). Sample 
size was justified by power analysis [8] (d=0.5, α=0.05, 
power=0.80). Variables varied: button size (32-56 px), 
contrast (2:1-7:1), font size (12-18 pt), element spacing (4-16 
px). 

Interface efficiency was evaluated based on three 
scenarios: precise positioning, parameter input, and status 
diagnostics. Both objective metrics (task time, error count, 
IPE) and subjective measures (NASA-TLX, SUS) were 
applied. Pearson correlation coefficients were calculated with 
Bonferroni correction [8] (α=0.001). 

Results. The analysis of 270 virtual scenarios provided 
over 1.84 million data points. Average task completion time 
was 28.3 seconds (range 14.2-67.8), with error count 0-8 
(average 2.4). 

Strong correlations were established between interface 
parameters and performance. Button size showed the strongest 
impact (r=-0.85 with errors, r=-0.78 with time, p<0.001), with 
an increase from 32×32 to 48×48 pixels reducing errors by 
42% and time by 18.6 seconds. Contrast showed moderate 
correlations (r=-0.52 with time, p<0.01), with improvement 
from 3:1 to 4.5:1 reducing time by 28% and cognitive load by 
18%. Multiple regression showed R²=0.83 for errors and 
R²=0.74 for task time (p<0.001). 

An integrated IPE model was developed: IPE = 0.52(X/56) 
+ 0.21(C/7) + 0.17(F/18) + 0.10(12/D), achieving 79.2% 
accuracy with R²=0.743. Differentiated recommendations 
were formulated: office systems (buttons 48-52 px, contrast 
≥4.5:1, IPE≈0.83), industrial HMI (buttons 48-56 px, contrast 
≥6:1, IPE≈0.90), critical systems (buttons 56 px, contrast ≥7:1, 
IPE=1.0). 

Economic analysis for a 25-operator enterprise showed 
18% time reduction, annual savings of 100,000 UAH with 
25,000 UAH implementation costs (ROI 300%, 3-month 
payback). 

III.CONCLUSIONS 

The methodology of applying correlation analysis for 
quantitative establishment of dependencies between GUI 
parameters and system performance was proposed and 
validated through simulation. The strongest impact was 
demonstrated by element size (r=-0.85, p<0.001) and font size 
(r=-0.61, p<0.01). An integrated IPE model provided 79.2% 
accuracy (R²=0.743) for automated UI optimization. 
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Results showed differentiation by expertise level: 
beginners rely on button size, experienced users balance 
multiple factors, experts prioritize visual characteristics. 
Economic analysis demonstrated annual savings of 100,000 
UAH for medium enterprises with ROI of 300% and a 3-
month payback period. 

Simulation modeling created a reliable theoretical 
foundation for further empirical validation with real users. 
Future directions include real laboratory experiments with 30-
50 operators, integration of AI methods for adaptive design, 
expansion to mobile and multimodal systems, and 
development of personalized optimization strategies. 
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