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Abstract— Low reading interest in Indonesia (0.001%)
highlights the need for innovation in digital literacy
applications such as Bacana’s. However, the current Bacana
interface still adopts a conventional layout, which may limit
user satisfaction. This study aims to evaluate the
implementation of the Super Golden Ratio (y~=1.4656)
combined with Horizontal scrolling navigation to enhance
visual aesthetics and user experience. A quantitative approach
was employed involving 107 respondents who evaluated the
Bacana interface using a Likert-scale questionnaire.
Instrument reliability testing showed excellent results
(Cronbach’s a.>(.94). Data were analyzed using simple linear
regression. The results indicate that all regression
assumptions were met, including the absence of
heteroscedasticity and autocorrelation, with a statistically
significant linear relationship (p <0.001). The proposed design
demonstrates strong explanatory power toward user
satisfaction, with a coefficient of determination of R*>=0.90 in
the Post-test. These findings indicate that the implementation
of the Super Golden Ratio and Horizontal scrolling
significantly improves user satisfaction, reflecting better
perceived readability and interaction smoothness. This study
contributes to UI/UX research by providing empirical
evidence on the effectiveness of mathematical proportional
design in digital reading applications.

Index Terms— Bacana; Horizontal scrolling; Super
Golden Ratio; UI/UX; User Statisfaction.

L INTRODUCTION

Today, technology is experiencing rapid and massive
development. Various groups, regardless of age or gender,
now use technology. Both men and women, adults, and
even children use it. Technological developments
themselves are beneficial for users in accessing information
more easily. The use of applications also demonstrates that
rapid technological development marks a shift towards a
new era of digitalization [1]. Therefore, the development of
user interface (UI) design and user experience (UX) are
crucial elements that determine the success of an

application. It should be noted that UI (User Interface) is a
physical or graphical interface design that allows users to
interact with an application or system, while UX (User
Experience) is the overall experience and satisfaction of
users when using a product, including ease, comfort, and
effectiveness of interaction [2]. It is stated in one research
that applications that were designed through focus on Ul
(by methods such as HCD) tend to have higher values than
the applications, which were developed without particular
attention to Ul This finding is supported by an observation
done by Wiradarma. “ User experience (UX) value in
applications that created by concerning UI has better value
UX comparing to the applications that created without
concerning to Ul ”. This confirms the importance of User
interface (UI) design in increasing the satisfaction and
effectiveness of application users [3].

Based on the 2025 Indonesian Digital Society Index
(IMDI) score, it shows a consistent increase over the past
few years, from 37.80 points in 2022, rising to 44.53 points
in 2025 [4]. However, based on the results of a UNESCO
study stated that the reading interest of the Indonesian
people was only 0.001 percent. This figure reflects that in
every 1,000 Indonesians, there is only one person who likes
to read [5]. This data highlights the significant challenges
in fostering a quality reading culture in Indonesia, despite
the high level of basic reading skills. UNESCO emphasizes
the need for collaboration between various parties to
increase reading interest and strengthen literacy in the
digital era to support the development of quality human
resources, so that digital applications that support public
reading interest can be a solution in the increasingly rapid
development of the digital era as it is today [6], [7]. Bacana
is a digital book reader app specifically designed to
improve digital literacy among Indonesia's young
generation. The app combines local reading materials with
interactive elements to stimulate reading interest and
community participation. With a user-centric design
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approach, Bacana provides several key features, such as
reading progress tracking, smart notifications, book
summaries, and discussion forums for users. These features
aim to create a more efficient and meaningful reading
experience, encouraging users to continue reading and
actively participate in local literacy communities [8].

At the current interface development, the Bacana
aplication adopts a conventional vertical layout with
standard scrolling behavior. The interface was developed
based on general design practices without explicit
proportional guidelines, resulting in a functional but
visually uniform layout. This condition does not indicate a
design flaw, but highlights an opportunity to explore
structured proportional approaches to improve visual
hierarchy and user comfort, particularly in digital reading
activities that require prolonged interaction. There is no
specific features that implement proportional ratios like the
Golden Ratio or Super Golden Ratio in the display design,
and Horizontal scrolling options are not yet enabled. Thus,
all graphical components in Bacana in this early stage was
developed based on general design principles and standard
visual elements, without considering specific mathematical
ratios or horizontal screen shifts. This situation provided an
opportunity to investigate the impact of implementing these
innovative concepts on improving the aesthetics and user
satisfaction of the Bacana interface. The application of the
Super Golden Ratio proportional principle is estimated to
be able to produce a more balanced and visually attractive
layout, in accordance with the results of recent research
which shows a positive correlation between the use of the
Golden Ratio in user interface (UI) design and increased
satisfaction, with a relationship coefficient of +7.5% on
satisfaction [9]. (tidak perlu dimuat) On the other hand, the
implementation of Horizontal scrolling offers a more
intuitive and engaging interaction pattern for users. Modern
user experience studies report that the movement of
swiping content sideways can increase user engagement
and enjoyment compared to the conventional vertical
scrolling pattern [10].

In this context, the study of the use of proportional
ratios in user interface (UI) design becomes crucial.
Aesthetic principles such as the Golden Ratio have been
used to create visual balance in digital interfaces, as they
can improve aesthetic impressions and naturally direct user
attention [11]. As the concept develops, new variants such
as the Super Golden Ratio have emerged that have the
potential to be applied in user interface (UI) design, as
stated by Herdiana. The application of these proportional
principles is believed to produce a more harmonious layout
arrangement, thereby influencing the perception of quality
and end-user satisfaction. In addition to the importance of
the functional aspects of the user interface, visual
proportions in the layout also greatly determine the
aesthetics and user comfort [12]. As a step to create an
attractive and balanced visual appearance, mathematical
ratio theories such as the Golden Ratio are used as a

reference in visual design. The Golden Ratio, symbolized
by ¢ (phi), is defined as the positive value of the solution to
the equation ¢?= ¢ + 1, so its value is approximately 1.618
[12]. Proportion is a key element that helps the audience
understands various visual forms in a design. The
relationship between the two dimensions which usually
arranged in a certain ratio to create balance in a two-
dimensional design, thus producing harmonious visual
harmony [13].

In addition, mathematical research has identified an
alternative ratio that has the potential to be applied in
design, namely the Super Golden Ratio or ¢*. This ratio are
a real positive solution of the cubic equation y* = y?* + 1
[14]. The value of the Super Golden Ratio, denoted by v, is
around 1.4656. Due to a similar analogy to the Golden
Ratio, the Super Golden Ratio can be utilized to form
geometric proportions such as the Super Golden Ratio-
rectangle or the Super Golden Ratio-spiral, which have
unique characteristics. Although not as popular as the
Golden Ratio, some experts have begun to investigate the
application of the Super Golden Ratio in the field of design
[3]. For example, according to Herdiana, besides the
Golden Ratio, the Super Golden Ratio are a proportional
ratio option that has not been widely developed in user
interface (UI) design. In their research, the design of a
trouble ticket application interface using the Super Golden
Ratio method resulted in a positive user experience based
on UEQ measurements. This shows the potential of the
Super Golden Ratio to improve the clarity, efficiency, and
attractiveness of the interface. However, overall, the user
interface literature is still very limited in discussing the
application of the Super Golden Ratio, so that
understanding of its aesthetic and functional impact on
interface design is still minimal [3].

Then, when turning to the navigation aspect,
implementing Horizontal scrolling in interfaces faces
particular challenges. A common convention in websites
and applications is vertical navigation when displaying
advanced content. Nielsen Norman Group shows that when
users access websites, they generally scroll down vertically,
a practice that has been in place since the beginning of the
web era. Therefore, the addition of a Horizontal scrolling
option is often considered unconventional and can be
confusing for users. The NN/g study reported that
Horizontal scrolling interactions on desktops consistently
elicit negative responses from users [15]. Users often fail to
notice content on the right side of the screen due to their
lack of familiarity with Horizontal scrolling, which can lead
to missing important content hidden beyond the initial
view. Similar findings were also reported by Mahardika,
who showed that scrolling techniques that do not align with
user expectations can reduce efficiency and cause
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disorientation in navigation, especially when users are
faced with tasks that require visual focus and spatial
mapping of interface content [16].

According to Fessenden, in observing user behavior while
browsing web pages, none of the participants performed
Horizontal scrolling, and no eye focus pints was directed
beyond the right edge of the screen. This indicates that the
content area is outside the initial that display boundaries are
not practically accessed by users [17]. Consequently,
Horizontal scrolling can create a "layout trap" where side
content appears to be missing, leading users to skip it or be
discouraged from exploring further. Furthermore, from an
interaction perspective, Horizontal scrolling requires
additional effort, such as using a horizontal scrollbar with a
mouse, which involves more complex adjustments than
steering laws. If implemented with new buttons or gestures,
it increases the user's cognitive load. In other words, users
must devise a new way of navigating that differs from their
usual practices, which can disrupt the smoothness of the
experience.

Taking into account the literature review above, we
can conclude that the study of the application of the Super
Golden Ratio in user interface (UI) design is still in its
infancy and has not developed significantly. Most previous
studies still focus on the use of the Golden Ratio as a
guideline for design aesthetics, while the Super Golden
Ratio with its own mathematical character (y ~ 1.4656) has
not received sufficient attention in the development of
modern interface design. In fact, the potential of this ratio
to create visual balance and perceptual comfort is very large
to be explored further, especially in the context of digital
applications that require harmony between aesthetics and
functionality [3]. Furthermore, the study results show that
the application of Horizontal scrolling in interface design
has not been empirically evaluated much, particularly
regarding user satisfaction. The literature of most user
experience only provides general guidelines or practical
suggestions, lacking scientific analysis that measures its
impact on user experience in specific interaction contexts.
Consequently, there remains a knowledge gap regarding
how horizontal navigation patterns can influence users'
perceptions of efficiency, comfort, and visual appeal in an
application [15].

To further justify the design intervention explored
in this study, a preliminary evaluation of Bacana’s
existing interface was conducted. This evaluation was
based on an initial design audit of layout composition,
typographic scale, and visual hierarchy, complemented
by expert heuristic observations referring to
established wusability and readability principles for
digital reading applications. The assessment indicated
that Bacana’s current vertical scrolling layout relies on

general design conventions without explicit

proportional guidance, resulting in a visually uniform
composition with weak hierarchy, inconsistent content
emphasis, and suboptimal reading comfort during
prolonged interaction. In addition, the absence of
horizontal affordances limits content discoverability
and interaction variation, particularly for segmented
reading materials. These findings, together with prior
studies demonstrating that mathematically guided
proportional systems can enhance visual balance and
perceived comfort, provide the rationale for
investigating the Super Golden Ratio as a structured
proportional framework and Horizontal scrolling as an
alternative navigation pattern to improve the overall
user experience of the Bacana application.

II.  LITERATURE REVIEW

The concept of the Golden Ratio (® = 1.618) has been
recognized in design as a principle of proportion that
produces balanced and aesthetic visual compositions. The
application of the Golden Ratio are believed to create
harmony between design elements, thus making them
appear more visually appealing [12]. In the context of
modern user interfaces (UI), this principle has begun to be
adapted to organize interface layouts in the hope of
improving user visual comfort. Although the Golden Ratio
has historically been widely applied in architecture, art, and
logos, its application to digital User interface (UI) design
was relatively rare and not yet established until 2020.

Current research attempts to bridge this gap by
empirically examining the impact of the Golden Ratio on
user experience. Kurniawan's quantitative study of the
integration of the Golden Ratio scheme into mobile app
layouts found a positive, albeit modest, relationship
between Golden Ratio proportions and user satisfaction.
Their simple linear regression results showed a contribution
of approximately 7.5% of Golden Ratio usage to increased
app user satisfaction, indicating that harmonious visual
proportions can have a significant, albeit small, positive
impact on user experience (UX) [9] . This finding aligns
with the view that visual aesthetics contribute to perceived
comfort and ease of use of an interface, which in turn
increases overall satisfaction.

Along with the Golden Ratio, the concept of the Super
Golden Ratio has emerged as a new mathematical
proportion variant that is starting to gain attention in User
interface (UI) design. The Super Golden Ratio refers to the
limit ratio of the Narayana series (also known as
Narayana’s cows sequence) which has a value of
approximately 1.4656 [18]. Different from the classic
Fibonacci Golden Ratio, this ratio value of 1.4656 offers an
alternative geometric comparison that is believed to have
similar aesthetic potential. Until the last few years, the
Super Golden Ratio has not been widely developed in the
realm of user interface (UI) design. Recently, Herdiana’s
research study applied the Super Golden Ratio method in
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designing the Ul of a trouble ticket application and
measured its UX using the User Experience Questionnaire
(UEQ). The results show that interfaces designed with
Super Golden Ratio proportions are able to provide a very
positive user experience across various UX dimensions.
Respondents rated prototypes with Super Golden Ratio
proportions as having excellent visual appeal
(attractiveness), information clarity, efficiency, accuracy,
and stimulation, with the novelty aspect being rated well
[3]- These empirical findings indicate that Super Golden
Ratio proportions have the potential to improve the quality
of user experience, reinforcing the assumption that visual
harmony of layouts correlates with perceptions of
satisfaction and comfort in interacting with interfaces.

The literature also highlights the general relationship
between visual aesthetics and user satisfaction. The
aesthetic usability effect posits that interfaces with higher
visual aesthetics are more likely to be perceived by users as
easier to use and more satisfying [19]. Recent research
supports this effect. For example, a recent experimental
study on mobile application design found that the use of
“warm” aesthetic elements such as rounded button corners
significantly increased perceptions of beauty and comfort,
which positively influenced perceived ease of use and end-
user satisfaction. Designs with rounded/oval corners give a
friendly and secure impression, so that users perceive the
interface as more visually appealing and intuitive,
compared to sharp-cornered designs. This is in line with
Liu's findings that show rounded icons or UI elements are
considered more aesthetic and able to increase user
satisfaction and positive emotional responses compared to
rigid rectangular shapes [20]. Overall, recent UX literature
emphasizes that good visual proportions and shapes are not
merely decorative, but have a direct impact on the quality
of the user's experience and emotions during interactions.

On the other hand, the trend of user interaction with
scrolling in interfaces is also evolving. Horizontal scrolling
where content is moved sideways rather than downwards
was once less common in classic web design due to
concerns that it would disrupt vertical navigation habits.
However, with the rise of touchscreen mobile devices,
horizontal swipe patterns are becoming more common, for
example in photo galleries, product carousels, or story feeds
in modern apps. Recent research has begun to evaluate the
impact of Horizontal scrolling patterns on UX. Zhou's
research provides empirical evidence that horizontal swipe
interactions can have distinct advantages over vertical ones
in certain scenarios. Through performance and cognitive
load measurements (including eye-tracking and EEG data
in elderly users), the study revealed that horizontal swipe-
based navigation can increase users' sense of control and
engagement without sacrificing comfort [21]. Several
previous studies have also suggested the benefits of adding
side-swipe navigation to mobile interfaces for more natural
and faster content exploration [22].

However, these results still need to be seen in the
proper context: Horizontal scrolling designs should be
carefully designed so that users are aware of the presence

of hidden content on the side and do not feel confused in
navigation. In practice, UX guidelines emphasize the need
for visual cues (e.g., arrows or partial display of the next
content) to indicate the presence of horizontal scrollable
content, so that the user experience remains smooth [23].
Based on the literature review above, a knowledge gap
exists at the intersection of design proportion principles and
Horizontal scrolling interaction patterns. The Golden Ratio
and its derivative (Super Golden Ratio) have been
individually studied for their impact on aesthetics and UX.
Similarly, Horizontal scrolling patterns have been studied
for their influence on user behavior and satisfaction in
limited scenarios. However, no studies have been found
that specifically integrate the Super Golden Ratio
proportion into horizontally scrolling User interface (UI)
designs. No scientific publications in the last five years
have examined whether using the 1.4656 ratio in a
sideways scrolling layout will enhance user satisfaction or
significantly influence user behavior. In other words, how
Super Golden Ratio-based visual composition interacts
with horizontal navigation patterns remains empirically
unexplained. This gap is the focus of this research. Our
study aims to fill this gap by empirically testing the impact
of implementing Super Golden Ratio in interfaces that
utilize Horizontal scrolling on user satisfaction and
experience. It is hoped that the findings of this study will
provide new insights into the integration of classical
aesthetic principles with modern interaction trends, while
also being an original contribution to the current literature
on user interface (UI) design.

IIl. RESEARCH METHOD

This study uses a quantitative experimental approach to
measure the impact of implementing the Super Golden
Ratio and Horizontal scrolling in the Bacana UI on user
satisfaction. The experimental design used user interface
testing, comparing Bacana application prototypes before
and after UI improvements. The initial version (control)
used a conventional layout (standard proportions, regular
vertical scrolling), while the new version (experimental)
implemented the Super Golden Ratio principles in its
layout and Horizontal scrolling mechanism. The
comparison of the two versions aimed to determine
whether these design changes resulted in significant
improvements in user experience and satisfaction
quantitatively.

A. Procedure

The initial stage of the research was the development of
a Bacana Ul prototype by implementing the initial Bacana
design (conventional prototype) before implementing the
results of the new visual methods, namely the Super
Golden Ratio and Horizontal scrolling. The old Bacana
interface design will be refined: visual elements (layout,
book card size, typography, etc.) are arranged according to
the ratio @* = 1.4656 for more harmonious proportions.
Each key component (e.g., cover image and book title text,
margins between elements) is resized to maintain the
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consistency of the Super Golden Ratio based on literature
guidelines [3].

In addition to proportional calculations, this study also
applies the Super Golden Ratio spiral model. The Super
Golden Ratio spiral is a logarithmic spiral that widens by a
factor of y every quarter turn. This y factor is a real solution
of the algebraic equation y* = y? + 1 (approximately
1.4656), which also appears as the limit of the ratios of the
Narayana series [24]. This shape is analogous to the golden
spiral; the golden spiral widens by a factor of ¢ every
quarter turn, while the super golden spiral widens by a
(smaller) factor of y [25]. Thus, both the golden and super
golden spirals are logarithmic spirals with a constant
growth in radius per angle, although the super golden spiral
“grows” slightly slower.

In terms of visual composition, the logarithmic spiral
framework can be used as a guide for arranging interface
elements to direct the hierarchy of information and focus
the user's attention. Generally, the center of the spiral is

ﬂ Halo, John
» v

Semua [ Sejarah | ‘ nik ‘ ‘ Fantasi | see

Kor

i §
£ |
AR ik
Mungk%r‘l kamu suka
1 - ‘
EEENARI
NGAN
u&sgk‘
. /. '9 011 aaan
S
gy
Citylite Laut Berceruta
Menari Dengan Ombak
Loguler minaauini 0 cdeastanees
A

placed on the most important UI element (for example, the
search field or the main button) so that the area becomes the
main focal point, then the spiral curve naturally guides the
user's eye to the surrounding secondary elements. This kind
of spiral composition technique has long been known in art
and photography for example, the golden spiral is often
used to "flow" the audience's gaze towards the focal point
organically [25].

In the context of digital interfaces, several early studies
have shown similar benefits: Herdiana et al. (2022) found
that a Trouble Ticket application layout designed with the
Super Golden Ratio in reference to the size and position of
UI components resulted in significant improvements in UX
aspects [3]. In short, the use of the Super golden logarithmic
spiral is expected to create a directed and harmonious visual
flow, balancing the layout and facilitating user exploration
of important information without feeling forced.
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Fig. 1. User Interface design with Super Golden Ratio composition (A) and without Golden Ratio (B).

Additionally, horizontal navigation is implemented for
reading content (e.g., book pages can be swiped sideways).
To ensure users are aware of horizontally scrollable content
(not hidden at the side of the screen), the interface includes
visual cues such as arrows or the display of the next portion

of content at the edge of the screen. This step was taken
because eye-tracking research shows that many users will
not scroll sideways if there is no clear cue [18]. Prototypes
were developed in various fidelity levels: from wireframe
(low-fidelity) to high-fidelity interactive prototypes using
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User interface (UI) design software (e.g., Figma or Adobe
XD). The final result was two versions of the Bacana
prototype: (1) version B (control) with a conventional
design, and (2) version A (experimental) with Super
Golden Ratio + Horizontal scrolling. Both prototypes
will be tested in the next stage.

B. Data Collection and Analysis Techniques

Research data will be collected using a questionnaire
with a Likert scale (e.g., a scale of 1-5) to measure research
variables. The Likert scale is commonly used in
quantitative research because it is effective for measuring
respondents’ attitudes, opinions, or perceptions of a
particular phenomenon [26]. Using a Likert questionnaire,
each statement will have measurable answer options based
on five basic User interface (UI) design principles: visual
harmony, minimum content size, proportional balance,
clear visibility, and cut-off session. These will be presented
in the questionnaire, ensuring that the data obtained is
quantitative and easy to analyze.

TABLE L. INSTRUMENTS

Z
e

Question(s)
Visual harmony
Minimum content size
Proportional balance
Clear visibility
Cut-off section

bl Pl B Il Fo

Drawing on previous studies conducted by Kurniawan
(2025), the five selected question attributes are regarded as
the most relevant. This assumption is grounded in findings
that visually appealing interface organization and layout
can improve user statisfaction, especially when the Super
Golden Ratio are implemented in combination with
Horizontal scrolling [9]. This approach has also been
adopted by previous studies. For example, Permana et al.
(2024) explained that “a Likert scale questionnaire was
used to collect data, and basic linear regression was used
for analysis” [27], indicating that this method is suitable for
obtaining quantifiable feedback from digital application
users. Respondents will be recruited through digital reader
communities and online networks, then asked to complete
a prepared Likert questionnaire.

Before completing the questionnaire, respondents will
complete a short demographic survey and confirm their
regular use of e-book applications to ensure the relevance
of the sample. The questionnaire data will be analyzed
using simple linear regression analysis with the help of
SPSS software. Simple linear regression is a statistical
method for testing the linear relationship pattern between
one independent variable and one dependent variable [28].
With this method, researchers can measure the extent of the
influence of the independent variable (for example, aspects
of interface design) on the dependent variable (for example,
satisfaction or ease of use).

Regression analysis also allows for testing the
significance of these relationships. The use of SPSS for

linear regression analysis is very common in quantitative
research. For example, Febrita et al. (2025) processed
questionnaire data with "multiple linear regression using
SPSS" in their study, confirming that SPSS is reliable for
calculating regression coefficients and significance tests.
This overall procedure ensures that statistical calculations
can be performed accurately and efficiently, allowing for
valid interpretation of research findings. The criteria set
were active users of digital reading applications (e-books)
aged 15-30. This criterion was chosen so that respondents
were familiar with the reading application interface and
could assess design differences more accurately.

A total of 107 respondents participated in this study and
were included in the analysis. This sample size is
considered adequate for quantitative analysis using simple
linear regression, particularly in studies involving user
perception data collected through Likert scale
questionnaires. The number of respondents provides
sufficient ~statistical power to identify meaningful
relationships between interface design variables and user
satisfaction. Simple linear regression was selected because
this study focuses on examining the direct effect of a single
independent variable namely the implementation of the
Super Golden Ratio combined with Horizontal scrolling on
the dependent variable of user satisfaction. This analytical
approach is commonly applied in UI/UX research to
evaluate the strength and significance of relationships
between design interventions and user perception
outcomes. The research instrument consisted of a
questionnaire comprising 25 items measured using a 5-
point Likert scale (1 = strongly disagree to 5 = strongly
agree). Twelve items were used to measure interface design
aspects related to the implementation of the Super Golden
Ratio and Horizontal scrolling, while the remaining thirteen
items measured overall user satisfaction.

IV. RESULT AND DISCUSSION

A. Validity check

Instrument validity testing was conducted to ensure that
the questionnaire accurately measured user satisfaction.
The test was conducted by using Pearson Product Moment
correlation with SPSS. The test results showed that all
statement items had a calculated r-value greater than the
table r-value of 0.361 at a 5% significance level. Thus, all
items were declared valid and suitable for use in data
collection. The high item correlation value indicates
respondents’ consistency in assessing interface design
aspects, particularly after the implementation of the Super
Golden Ratio and Horizontal scrolling.

TABLE I SUPER GOLDEN RATIO & HORIZONTAL SCROLLING

(PRA-TES) — PEARSON’S VALIDITY

Q1 Q2 Q3 Q4 Q5 Q6 Q7

SUM  .690 787 721 812 809  .830  .760

Sig 2 .000 .000 .000 .000 .000 .000  .000
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Q8 Q9 Q10 Q11 Q12
SUM 862 .881 .823 .800 778
Sig2 .000 .000 .000 .000 .000
TABLE II. SUPER GOLDEN RATIO & HORIZONTAL SCROLLING
(POST-TEST) — PEARSON’S VALIDITY
Q1 Q2 Q3 Q4 Q5 Q6 Q7
SUM 737 726 800 713 709  .800  .880
Sig2 .000 .000 .000 .000 .000 .000 .000
Q8 Q9 Q10 Q11 Q12
SUM 812 .884 743 799 .806
Sig 2 .000 .000 .000 .000 .000
TABLE IIL. USER STATISFACTION (PRA-TES) — PEARSON’S
VALIDITY
Q1 Q2 Q3 Q4 Q5 Q6 Q7
SUM 835 772 820 .845 790 855 .808

Sig 2 .000 .000 .000 .000 .000 .000 .000

Q8 Q9 Q10 Qi1 QI2 Q13

SUM 804 830 .880 .694 796 726
Sig2 .000 .000 .000 .000  .000 .000
TABLE IIL. USER STATISFACTION (POST-TEST) — PEARSON’S

VALIDITY

Q1 Q2 Q3 Q4 Q5 Q6 Q7

SUM 824 821 843 758 .829  .828 .801
Sig 2 .000 .000 .000 .000 .000 .000 .000

Q8 Q9 Q10 Qi1 Q12 Q13

SUM 72759 833 741 782 777
Sig 2 .000 .000 .000 .000 .000 .000

B. Reliability check

Based on Table 4, the pre-test and Post-test yielded
Cronbach's Alpha values of 0.946 for the pre-test and 0.943
for the Post-test for the 12 items, respectively. Meanwhile,
Table 5 yields Cronbach's Alpha values of 0.953 for the
pre-test and 0.951 for the Post-test for the 13 items.
Therefore, these values are well above the general guideline
of Cronbach's Alpha > 0.7 as the minimum threshold for
adequate reliability, and > 0.90, which is often interpreted
as very high or excellent reliability in quantitative research
[29]. Even very high Cronbach's Alpha (> 0.94) remains
acceptable as long as each item maintains theoretical
relevance and there is no obvious redundancy in the
construct being measured. In addition, quantitative
research using new or modified instruments generally
requires high reliability values as evidence that the scale is
effective in the specific study context, including user
experience (UX) and interface interaction research, where
inter-item coherence is key in measuring user perceptions.

C. Heteroskedasticity check

Heteroskedasticity is a condition in which the residual
variance in a regression model is not constant across
observations. This violates the homoskedasticity
assumption in classical regression analysis and can result in
inefficient variance estimates and inaccurate statistical
tests. According to research by Hanna Rajh Weber, adding
a regression line to each plot can at least provide an
overview of the spread of the residuals relative to the
predictors [30]. If, for example, the variability of the
residuals around the regression line is seen to differ for
different levels of the predictor, the assumption of constant
error variance may be questioned. However, using
inferential tests based on this assumption can produce
biased standard errors, often leading to very high Type I
error rates (citations). Therefore, Table 6 shows that the
Super Golden Ratio and Horizontal scrolling variables
have a statistically significant effect on the dependent
variable because the significance level is <0.05, so it can be
concluded that the data do not exhibit potential
heteroskedasticity.

D. Autocorrelation check

In this experiment, a Durbin-Watson autocorrelation
analysis was conducted. Autocorrelation refers to the
correlation of a variable with itself over successive time
intervals [31]. Based on Table 7, the regression model at
both stages shows a strong linear relationship between the
predictor and dependent variables, as indicated by the
multiple correlation coefficient (R) of 0.946 for both the
pre-test and Post-test. The R-square values were 0.895 (pre-
test) and 0.900 (Post-test), respectively, indicating that
approximately 89.5% (pre-test) and 90.0% (Post-test) of
the variation in the dependent variable can be explained by
the independent variables in the model. The adjusted R-
square was slightly lower (0.894 pre-test; 0.899 Post-test),
indicating adjustment for the number of variables in the
model. The standard error of the estimate decreased from
3.340 in the pre-test to 2.458 in the Post-test, indicating an
increase in the model's predictive accuracy at the post-
intervention measurement.

To evaluate the presence of autocorrelation in the
residuals, the Durbin—Watson (DW) statistic is used, which
ranges from 0 to 4, where values close to 2 indicate no
autocorrelation. With a total sample size of 100
participants, the relevant critical DW limits at the 5%
significance level for this model are: dL = 1.676 and dU =
1.712. In addition, the upper limit for the negative direction
is calculated as 4 — dU = 2.288. According to the Durbin—
Watson decision-making criterion, if dU < DW <4 — dU
then the conclusion is that there is no autocorrelation at the
significance level used.

e In the pre-test, the Durbin—Watson statistic was
recorded at 2.178. Since 1.712 <2.178 <2.288, the
result is within the range dU < DW < 4 — dU, so
there is no evidence of autocorrelation in the
residuals of the pre-test model.
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e In the Post-test, the Durbin—Watson statistic was Super Golden -.1326  .020 -.554 -6.821 .000
recorded as 2.223. Since 1.712 < 2.223 < 2.288, Ratio dan
there is again no evidence of autocorrelation in the Horizontal
residuals of the Post-test model. scrolling

Thus, both models (pre-test) meet the assumption TABLE VII.  AUTOCORRELATION CHECK (PRA-TES)

of no residual autocorrelation according to the Durbin R R Square Adjusted R Std. Error Durbin
Watson test at the significance level used. DW Maliets Square  of the Waston
slightly higher than 2 in both measurements pointmore Estimate

towards a very weak tendency towards ndgative 946 895 894 3.340 2178

autocorrelation, but because they are still within the range
without evidence of autocorrelation (between dU and
4—dU), the models can be considered free from sigri¥fddsht R R Adjusted R Std. Error  Durbin

TABLE VII.  AUTOCORRELATION CHECK (POST-TEST)

autocorrelation problems. Therefore, parametric inferences Square  Square Eotf, thet Watson
) . stimate
(t- and F-tests) performed on the regression models Fabe o 500 595 > 458 3573

considered undistorted by residual autocorrelation.

TABLE IV. SUPER GOLDEN RATIO & HORIZONTAL SCROLLING E. Line arity check
(PRA-TES) — RELIABILITY . . L . . .
Linearity evaluation is a crucial step 1n regression

b
Cronbach’s Alpha N of Items analysis to ensure that a linear model can adequately
946 12 represent the relationship between the independent and
dependent variables. The linearity test is conducted by
TABLE IV. SUPER GOLDEN RATIO & HORIZONTAL SCROLLING

comparing the Linearity and Deviation from Linearity

POST-TEST) — RELIABILITY . .
( ) components, with the primary focus of the assessment

Cronbach’s Alpha N of Items being the significance of the Deviation from Linearity. If
943 12 the Deviation from Linearity significance value is greater

than 0.05, the relationship between the variables can be
TABLE V. USER SATISFACTION (PRA-TES) — RELIABILITY assumed to be linear. Based on the linearity test results
Cronbach’s Alpha N of Ttems shown in the table, the significance value for the Linearity
553 T tomponent is 0.000, indicating a highly significant linear

retationship between the independent and dependent
variables. This confirms that statistically there is a strong

TABLE V. USER SATISFACTION (POST-TEST) — RELIABILITY . . L
( ) linear relationship in the tested model.
Cronbach’s Alpha N of Items o o
951 3 However, the significance value of the Deviation from

Tearity component was recorded at 0.012, which is
below the significance threshold of 0.05. The significance
value of the Deviation from Linearity component indicates
Unstandardized  Standardized a small deviation from the linear pattern. However, the

TABLE VI HETEROSKEDASTICITY CHECK (PRA-TES)

Coefficients Coefficients deviation value is relatively small compared to the main

Beta linearity component, so the relationship between variables

Model B Std. Error t Sig.  is still dominated by a linear tendency. In research with user

T (Constant) 4951 975 3077 000 perception data and Likert scales, small deviations from

linearity are often found and can still be tolerated as long as

Super  -052 021 -238 2312 014" the main relationship pattern still shows a dominant linear
Golden Ratio dai

tendency. Therefore, the linear regression model is still
considered suitable for use in this study. However, the
Mean Square deviation value is relatively small (16.784)
compared to the Mean Square linearity (9994.413), which
indicates that the contribution of the deviation is much

Horizontal
scrolling

TABLE VI HETEROSKEDASTICITY CHECK (POST-TEST)

Unstandardized  Standardized smaller than the main linear component.
Coefficients Coefficients L . .. .
Considering the highly significant dominance of the
Beta linear component and the proportion of variation explained
Model B Std.Error t Sig. by the linear relationship, the relationship between the
1 8.934 1.098 8.139 .000 independent and dependent variables in this study can still
(Constant) be considered quite linear in practice and is feasible for

analysis using a linear regression model. Therefore,
although there are indications of deviations from linearity
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statistically, their effects are relatively small and do not
compromise the validity of using linear regression analysis
in this study.

F. Normality check

Based on Table 9, data normality was evaluated using
the Kolmogorov-Smirnov test. This test compares the
empirical distribution function of the data with the
theoretical normal distribution [32]. This test is commonly
used in regression analysis to ensure that residuals are
normally distributed, as one of the classical assumptions. In
this study, the significance level was set at 0.05, so the data
are considered normally distributed if the significance
value (Asymp. Sig.) is greater than 0.05. The results of the
Kolmogorov-Smirnov test in the pre-test stage showed an
Asymp. Sig. (2-tailed) value of 0.092. This significance
value is greater than 0.05, so it can be concluded that the
residuals in the pre-test stage do not differ significantly
from a normal distribution. Therefore, the pre-test data can
be assumed to meet the assumption of normality.

In contrast, in the Post-test phase, the Kolmogorov
Smirnov test yielded an Asymp. Sig. (2-tailed) value of
0.000, which is below the significance threshold of 0.05.
This result indicates that there is a statistically significant
difference between the residual distribution and the
theoretical normal distribution, so that the residuals in the
Post-test phase do not fully meet the normality assumption
based on the Kolmogorov Smirnov test. However, in
quantitative research using user perception data and Likert
scales, deviations from normality are often found,
especially in relatively large sample sizes. Furthermore,
based on the Central Limit Theorem principle, the residual
distribution tends to approach normality as the number of
samples increases, so small violations of the normality
assumption are still tolerable as long as the main analysis
remains robust and other regression assumptions are met.
Therefore, the results of this normality test do not
substantially hinder the feasibility of using linear regression
analysis in this study.

G. Linear Regression Analysis

Next, after ensuring that all data meets the required
requirements, a simple linear regression statistical test can
be applied. Based on Table 10, the research hypothesis is
formulated as follows:

e HO: The calculated t-value < the t-table value,
indicating that Super Golden Ratio and Horizontal
scrolling (variable X) have no effect on user
satisfaction (variable Y).

e HIl: The calculated t-value > the t-table value,
indicating that Super Golden Ratio and
Horizontal scrolling (variable X) have an effect
on user satisfaction (variable Y).

TABLE VIII.  LINEARITY CHECK (PRA-TES)
Sum of df Mean F Sig.
Squares Square
Betwee Group(Combin 10514.73 32 328.585 37.343 .000
n ed) 0
Groups
Linearity 9994.413 1 9994.41 1135.83 .000

3 5

Deviation from  520.318 31 16.784 1.908 .012

Linearity
Within 651.139 74 8.799
Groups
Total 11165.89 106
6
TABLE VIII.  LINEARITY CHECK (POST-TEST)

Sumof d Mean F Sig
Square f  squar
s e
Between (Combined) 6007.624 22 273.074 69.937 .000
Groups
Linearity ~ 5701.208 1 5701.208 1406.139 .000
Deviation 306.416 21 14591 3373 .000
from
Linearity
Within 327.983 84  3.905
Groups
Total 6335.607 106
TABLE IX. NORMALITY KOLMOGOROV-SMIRNOV (PRA-TES)

Standardized Residual

N 107

Normal Parameters*-® Mean 46.31
Std. Deviation ~ 9.724
Most Extreme Differences ~ Absolute .080
Positive .080
Negative -.077
Test Statistic .080
Asymp. Sig. (2-tailed) .092¢
TABLE IX. NORMALITY KOLMOGOROV-SMIRNOV (POST-
TEST)
Standardized Residual
N 107
Normal Parameters®-® Mean .0000000
Std. Deviation  2.44640516
Most Extreme Differences Absolute 204
Positive 204
Negative -.160
Test Statistic 204
Asymp. Sig. (2-tailed) .000¢
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The constant (a) =4.860 indicates that user satisfaction
is estimated at 4.860 when the Super Golden Ratio score is
0. The regression coefficient (b) = 0.999 indicates that
every one-unit increase in the Super Golden Ratio score
and Horizontal scrolling is associated with a 0.999-unit
increase in user satisfaction. The calculated t-value for the
coefficient is 29.930, significantly greater than the t-table
£29.930 > 1.981), and the significance value is p = .000

(<0.05). Therefore, HO is rejected and H1 is accepted.
There is a positive and significant influence of the Super
Golden Ratio and Horizontal scrolling variables on user
satisfaction in the pre-test. The standardized Beta
coefficient value of 0.946 confirms that the influence of

variable X on Y is very strong.
o Post-test regression test results:

The Post-test coefficient table yields the following
regression equation:

YO0 =8.490 +0.942XY_{0}=8{.}490 + 0{.} 942 XY0 =
8.490+0.942X

The constant (a) = 8.490 indicates an estimated user

satisfaction of 8.490 when the Super Golden Ratio score is
0. The regression coefficient (b) = 0.942 means that every
one-unit increase in the Super Golden Ratio will increase
user satisfaction by 0.942 units. The calculated t-value for
the coefficient is 30.718, also significantly greater than the

t=table (30.718 > 1.981), with a significance of p = .000
(<0.05). Thus, HO is rejected and H1 is accepted there is a
positive and significant effect of the Super Golden Ratio
and Horizontal scrolling variables on user satisfaction in the
Post-test. The standardized beta of 0.949 indicates a very

strong relative influence.

In conclusion, in both the pre- and Post-tests, the results
of the simple linear regression analysis showed a positive
and significant effect of the implementation of the Super

TABLE X. COEFFICIENTS (PRA-TES)
Unstandar
dized
coefficients
Model B Std. Standar t Sig.
error dized
Coefficients
Beta
(Constant) 4.860 1.578 3.079 .003
Super 999 .033 946 29.930  .000
Golden
Ratio dan
Horizontal
scrolling
TABLE X. COEFFICIENTS (POST-TEST)
Unstandar
dized
coefficients
Model B Std. Standardize t Sig.
error d
Coefficients
Beta
1 (Constant) 8.490 1.689 5.079 .000
Super 942 .031 949 30.718 .000
Golden
Ratio dan
Horizontal
scrolling
TABLE XI. MODEL SUMMARY (PRA-TES)
Model R R Adjusted Std. Error of the
Square R Square Estimate
1 9467 .895 .894 3.340
TABLE XI. MODEL SUMMARY (POST-TEST)
Model R R Adjusted Std. Error of the
Square R Square Estimate
1 9492 900 .899 2.458

Golden Ratio and Horizontal scrolling on user satisfaction.

The t-table value (to/2) is obtained from the t-
distribution table with the following parameters:

o= 0.05 (two-tailed)
n = number of respondents (assuming n = 107)
k = number of independent variables = 1

The degrees of freedom (df) are calculated using the
formula n —k — 1, resulting in:

df=107-1-1=105

Based on the t-distribution table for

df =105 at o/2 = 0.025, the t-table value is 1.983.
e Pre-test regression test results:

The pre-test coefficient table yields the following
regression equation:

Y0 =4.860 +0.999XY_{0} =4{.}860 +0{.1999XY0
= 4.860 +0.999X

The coefficients approaching 1 in both measurements
indicate that changes in variable X are closely related to
changes in variable Y in the tested model.

H. Coefficient determination

Based on Table 11, the results of the simple linear
regression analysis indicate that the implementation of the
Super Golden Ratio and Horizontal scrolling have a very
strong influence on user satisfaction. In the pre-test phase,
the R-square value of 0.895 indicates that 89.5% of the
variation in user satisfaction can be explained by the
implementation of the Super Golden Ratio and Horizontal
scrolling, while the remaining 10.5% is influenced by
factors outside the research variables. Furthermore, in the
Post-test phase, the R-square value increased to 0.900,
meaning that 90.0% of user satisfaction is influenced by the
implementation of the Super Golden Ratio and Horizontal
scrolling, while the remaining 10.0% is influenced by other
factors not examined. The correlation coefficient (R) values
for the pre-test of 0.946 and the Post-test of 0.949 indicate
a very strong relationship between the Super Golden Ratio
and Horizontal scrolling-based interface design variables
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and user satisfaction, and indicate an increase in the
effectiveness of the interface design after the treatment was
administered.

V.  DISCUSSION

The findings in this study provide important
implications for the layout design of mobile applications
that use Horizontal scrolling. This context is particularly
relevant to the Bacana application, which, in particular, in
the context of exploring digital reading content, previously
relied on conventional layouts based on vertical scrolling.
In the early stages of development, the Bacana interface did
not implement the principles of mathematical proportional
ratios or horizontal navigation patterns, so user interaction
still relied on standard visual structures without measurable
aesthetic guidelines. The application of the Super Golden
Ratio as an interface design technique is widely used to
produce aesthetic visual proportions. Previous studies have
shown that interface redesign based on UX evaluation often
significantly improves design quality and user satisfaction
journal.eng.unila.ac.id.

For example, another study reported a jump in usability
scores from 49 to 92 after the redesign of
journaleng.unila.ac.id. Similarly, an app's System
Usability Scale (SUS) can improve dramatically; one study
found an initial SUS score of just 32 (far below the
acceptable threshold of 68) that jumped to 75.4 after the
redesign of jptijournals.id. Such dramatic jumps often
occur when the initial design is quite poor or monotonous,
and is replaced by a new, much more engaging and
contrasting design. Our results regression coefficients close
to 1 and R values 0f 0.946-0.949 (R?~0.90) in both the pre-
and Post-tests indicate a very strong influence of the Super
Golden Ratio and Horizontal scrolling on user satisfaction.
An R?proportion of approximately 90% confirms that most
of the variation in satisfaction can be explained by the tested
design variables. These findings align with the literature on
interface design and user experience, which emphasizes the
importance of visual proportions and navigation flow in
improving interaction quality in small-screen applications.
Previous studies have shown that using proportional ratios,
such as the Golden Ratio, can create better visual balance,
naturally direct user attention, and improve the aesthetic
perception and readability of digital content.

The highest Post-test scores in this study do not
necessarily indicate data manipulation. In quantitative
research, high or near perfect post-intervention scores are
scientifically acceptable as long as the research process
meets methodological standards. In this study, data were
collected through systematic and consistent procedures,
involving real respondents, using instruments that had been
tested for validity and reliability (indicated by a Cronbach's
Alpha value > 0.94), and analyzed using SPSS in
accordance with applicable assumptions and stages of
regression analysis. Many UX/UI studies actually record a
spike in scores after the implementation of a new design,
especially if the initial conditions contrast sharply with the
final conditions. For example, an initial design that is less

intuitive or monotonous can be refined into a new, much
more visually appealing design, resulting in a dramatic
increase. In the aforementioned study, SUS scores jumped
from 32 to 75.4 (jpti.journals.id) and usability scores from
49 to 92 (journal.eng.unila.ac.id) after the redesign. Similar
phenomena have been noted in other research reports: an
old interface design deemed unsatisfactory was optimized
with a new, “recently” implemented design, resulting in a
dramatic increase in user response. Factors contributing to
this score spike include a poor/monotonous initial design, a
visually contrasting new design, and respondents who had
never been exposed to a similar design before. Under these
conditions, the difference in perception between designs
can be so large that SPSS analysis yields a near-perfect
significance value without any suspicion of data
manipulation. In other words, “near perfect” results on
Post-tests are more indicative of the effectiveness of the
new design than of statistical irregularities, provided the
research process has met strict validity and reliability
standards.

In the context of Bacana, the difference between the
initial, entirely vertical design and the new design based on
the Super Golden Ratio and Horizontal scrolling creates
substantial visual and interactional changes. These changes
have the potential to strengthen the overall perception of
interface quality, as reflected in the regression coefficient
value approaching one and the increase in R Square in the
Post-test. Considering the consistency of the results of this
study with the findings of previous studies and the
fulfillment of all assumptions of the statistical analysis, it
can be concluded that the high Post-test results in this study
reflect the effectiveness of the optimized Bacana interface
design, not data anomalies or methodological deviations.
Therefore, the implementation of the Super Golden Ratio
and Horizontal scrolling can be recommended as a valid
and potential design approach to improve user satisfaction
in digital reading applications.

V1. LIMITATIONS AND FUTURE RESEAECH DIRECTION

Despite the strong findings, several limitations of
this study should be acknowledged. First, the evaluation
was conducted using a single application prototype
(Bacana), which may limit the generalizability of the
results to other types of digital reading or content-based
applications. Second, the study relied primarily on self-
reported user satisfaction measured through Likert-
scale questionnaires, which may be influenced by
subjective perceptions, novelty effects, and individual
design preferences. Third, the evaluation was
conducted within a short-term usage context, so long-
term reading behavior, adaptation effects, and sustained
usability of Horizontal scrolling were not examined. In
addition, the implementation of the Super Golden Ratio
and Horizontal scrolling was tested as a combined
intervention, making it difficult to isolate the individual
contribution of each design factor. Future studies are
encouraged to conduct longitudinal evaluations,
involve  diverse  application  contexts, and
experimentally separate proportional layout methods
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from navigation patterns to better understand their
independent and interactive effects on user experience.

VII. SUMMARY

This study addresses the issue of suboptimal layout
structure and interaction flow in the Bacana application
interface, which may affect user satisfaction. To address
this issue, the study evaluated the implementation of the
Super Golden Ratio combined with Horizontal scrolling as
an interface design approach. The reliability test results
indicate excellent internal consistency (Cronbach’s a >
0.94), confirming that the measurement instrument is
reliable.

The results of the regression analysis show that all
classical assumptions were satisfied, including the absence
of heteroscedasticity and residual autocorrelation, as
indicated by the Durbin—Watson statistic falling within the
acceptable range (dU < DW < 4 — dU). The analysis also
reveals a statistically significant linear relationship between
the proposed interface design and user satisfaction (p <
0.001), with a high coefficient of determination (R?~ 0.90),
indicating that a substantial proportion of user satisfaction
can be explained by the design variables examined in this
study.

APPENDIX

A. Questionnaire items

The same set of questionnaire items was administered
in both the pre-test and Post-test phases to ensure
measurement consistency. The items were conceptually
identical, with contextual adjustments to reflect the
conventional interface (pre-test) and the redesigned
interface based on the Super Golden Ratio and Horizontal
scrolling (Post-test).

A. Visual Harmony

Q1. The interface layout appears visually harmonious
and balanced.

Q2. The placement of text, icons, and images appears
well integrated.

Q3. The spacing between interface elements feels
apropriate.

Q4. The overall visual design is aesthetically pleasing.
Q5. The interface feels visually comfortable during use.
B. Minimum Content Size

Q6. The text size is easy to read without zooming.

Q7. The size and spacing of interface elements support
reading focus.

Q8. The distance between content elements feels
cofortable.

Q9. The content layout fits well with the screen size.

Q10. The interface feels comfortable for long reading
sessions.

C. Proportional Balance

QlIl.

balanced.

Interface elements appear proportionally

Q12. The layout guides visual attention naturally.
Q13. The interface layout feels neat and well organized.

Q14. Element proportions are consistent across
different screens.

Q15. The overall layout proportion feels pleasant to
view.

D. Clear Visibility

Q16. Main information and navigation elements are
easy to find.

Q17. Icons and interface elements are easy to
understand.

Q18. Information presentation is clear and well
structured.

Q19. Navigation between content sections feels smooth
and intuitive.

Q20. The interface is easy to use without excessive
efort.

E. User
Experience

Satisfaction and Horizontal scrolling

Q21. The interface clearly indicates the presence of
additional content horizontally.

Q22. Visual cues help users understand the Horizontal
scrolling direction.

Q23. Horizontal scrolling feels comfortable to use.

Q24. Horizontal scrolling does not disrupt reading
focus.

Q25. Overall, I am satisfied with the interface design..
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