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Abstract— Software systems need a proper evaluation to avoid
errors and problems. This research aims to showcase an
evaluation method to test an integrated mobile and web
application for gathering valuable feedback from Filipinos
nationwide. This application, named "BOSESKO: Building on
Opinions and Sentiments for Sustainability and Knowledge
Opportunities'' – a multilingual, inclusive, deliberative, synoptic,
digital participatory toolkit, is intended to act as a central hub to
solicit insights on both existing and upcoming policies in the
Philippines. AppTest pertains to a comprehensive evaluation of
the BosesKo software system. This research hopes to identify the
strengths and weaknesses of BOSESKO and improve it, which
would serve as a tool to potentially enhance civic engagement in
the country by actively involving the general public in
policy-making. This study employed a mixed-method approach
that seamlessly integrates manual and automated testing
techniques. The assessment of BOSESKO is aligned with the ISO
25010 standard, focusing on evaluating usability and
performance efficiency. To delve into the usability of BOSESKO,
a usability survey was administered to gauge user perspectives on
(a) learnability, (b) appropriateness, (c) recognizability, (d)
operability, (e) error protection, (f) user interface aesthetics, and
(g) accessibility. Additionally, in-depth performance evaluations
were conducted using various automated tools, including
WebPageTest, PageSpeed Insight, Google Lighthouse, Yellow
Lab, and Pingdom. This combination of manual and
computerized methodologies provided a robust and thorough
analysis of BOSESKO and, in turn, offered valuable insights into
the functionality and efficiency of the developed system. As of the
time of this writing, about 10,500 users across the Philippines
have already engaged with BOSESKO. Initial assessment results
of BOSESKO revealed an acceptable user rating with an average
weighted mean of 4.36 in terms of usability. Meanwhile, the
applied automated tests yielded positive performance scores of
89% and 76% for the web and mobile platforms. However, the
evaluation results suggest image and search engine optimization.
Overall, these results underscore the robust foundation
established by BOSESKO, indicating its considerable potential
and strong starting point.
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I. INTRODUCTION
The completion of a fully developed system, inclusive of all

its features and functionalities, does not mark the end of the
entire software development process. It will further require

extensive testing and evaluation to assess its readiness for
deployment and public use. Software quality in industrial
applications, or even in everyday life, is critical for both
developers and users [1]. Software testing is essential for
analyzing software quality, minimizing project costs, and
ensuring timely delivery. In essence, software testing involves
an in-depth evaluation, either manually or by automated
methods, to ensure that the system meets outlined standards
[2].
Manual testing includes usability inspections, which rely on

professional analysis and theoretical concepts supported by
study or observation. These inspections frequently use
heuristic assessments, cognitive pathways, and rules/checklists
to analyze specific navigational faults or behaviors.
Furthermore, user-centered procedures that involve users in
testing, interviews, and physiological exams are also part of
this [3] where the quality of the developed system is gauged
by customer satisfaction and approval [2]. Automated testing,
on the other hand, addresses the constraints of manual testing
by providing repeatable test cases, which is crucial in the
increasing complexity of software development. Using
automated testing methods to evaluate application quality and
functionality has become critical, resulting in increased
reliability, reusability, cost savings, greater coverage, and
faster results when compared to manual testing [4].
Historically, product quality evaluation was largely

concerned with functionality. As the complexity of robust
system development has grown over time, an expansion of
characteristics and sub-characteristics has been incorporated
to comprehensively and rigorously evaluate software quality
[5]. Software product quality models have progressed in their
ability to adequately represent and convey the abstract concept
of software quality since the 1970s [6]. One of these is the
most recent standard, ISO 25010 Quality Model, which is
deemed to have more features than the other quality models
combined [7].
The ISO/IEC 25010 standard within the Quality Model

division establishes quality requirements for software
development products in eight domains, including functional
suitability, performance efficiency, compatibility, usability,
reliability, security, maintainability, and portability [1], [8].
This more sophisticated model provides a holistic view of
software quality, supporting companies in obtaining a deeper
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grasp of user requirements. It supports well-informed
decision-making by allowing for a more complete assessment
of the product's strengths and weaknesses in order to improve
software quality [5].
Furthermore, this research study seeks to assess the quality

of the BOSESKO system—Building on Opinions and
Sentiments for Sustainability and Knowledge Opportunities,
by integrating the ISO 25010 standard quality model. The
evaluation was conducted using a combination of manual and
automated testing techniques, consolidating user feedback
with statistical data obtained by the automated tools in use.

II. LITERATURE REVIEW

In the field of software development, software testing is
widely considered as an essential phase for ensuring that the
system conforms to user requirements and specifications [4].
The improvement of product quality is significantly
influenced by the pivotal role of software testing.
Consequently, various software testing models have been
established to set a standard for assessing software products
[9]. Quality software is free of errors, specifically bugs and
vulnerabilities, such as missed or misinterpreted requirements
and errors in design, functional logic, data linkages, process
timing, validity checking, and coding errors. The second,
more subtle, factor is that the system can handle its technical
debt and meets various quality and quality attribute
characteristics [10]. There are plenty of quality characteristics
that describe the system and serve as the basis and
cornerstone for the evaluation of a product’s or software’s
quality. The quality model refers to the collection of qualities
used as the foundation for evaluation [11].

An international standard known as ISO/IEC 25010
is used to assess or gauge the quality of software both
internally (the software itself) and externally (the software as
it relates to hardware, data, and other software integrated in a
computer system) [12]. It has been utilized by several
researchers in their research for its universality that makes it
simple to adapt to the creation of numerous specialized
software quality models [13]. This standard breaks software
quality down into many sub-aspects, enabling developers to
create custom metrics and measurements to precisely evaluate
both functional and non-functional needs [14].

According to International Organization for
Standardization (ISO) / International Electrotechnical
Commission (IEC), there are eight quality attributes that make
up the product quality dimension: Functional suitability,
Performance efficiency, Compatibility, Usability, Reliability,
Security, Maintainability, and Portability [15]. Functional
suitability pertains to the degree to which software can offer
features that are suitable for use in specific circumstances
[16]. Efficiency is the capacity of a user to execute a given
activity quickly and accurately, or within the allotted time task
[17]. The extent to which a product or system may exchange
information with other products, systems, or components
while executing a function inside a common environment,
hardware, or software is referred to as compatibility [18].
Meanwhile, usability is the extent to which a particular

product may be utilized by certain users to accomplish
particular goals while taking into consideration effectiveness,
efficiency, and happiness in a specific usage context [19].
Reliability equates to how the software can be used according
to the required functionality and the intended level of
accuracy. Security is a product-level application that provides
services to safeguard against unauthorized access, usage,
modification, tampering, or other potentially harmful activities
that may compromise confidentiality, non-repudiation, and
authentication [20]. The capability of a software product to be
effectively and efficiently modified is referred to as its
maintainability while portability measures the capacity of a
product or component to be transferred successfully and
efficiently from one hardware, software, or user environment
to another [21].

Various researchers such as [8], [22], [23], and [24]
have employed ISO 25010 as the foundational model for
conducting quality testing on their respective systems or
applications. Comparatively, [25] used the ISO/IEC
25010:2011 product quality characteristics in their study,
assessing their developed software from two distinct
perspectives—user view and technical view. On a technical
point of view, the approach to quality measurement is
software-oriented, with automated testing and monitoring
tools used to evaluate the system's functional suitability,
performance efficiency, reliability, security, and portability. In
contrast, measuring tends to be more user-oriented in quality
test designs based on users’ point of view. This entails using
questionnaire data extraction methodologies and subjecting
the survey tool to validity, reliability, and feasibility testing.

In the context of usability evaluation, both [26] and
[27] employed a questionnaire-based method to assess the
usability of their respective developed websites. In this
approach, participants were required to complete a usability
survey with questions or remarks regarding their experiences
with the websites.

In contrast, [28] and [29] concentrated specifically on
performance efficiency, utilizing automated testing tools to
measure this aspect. Load testing, a type of performance
testing, is a series of processes for determining load-related
vulnerabilities in a system that is being tested [30]. One
well-known and open source web performance testing tool is
WebPageTest [31], which can be utilized to assess the
website’s speed, usability, and resilience [32]. Consequently,
[33] used the WebPageTest tool in his study, which is
acknowledged as the leading open-source tool for assessing
three essential web metrics: loading time, page size, and the
number of requests. This tool, which has been widely used by
many researchers, facilitates the analysis of web traffic data
from a large number of Internet users, making it a valuable
resource for determining the efficiency of various web
systems. Furthermore, this tool can present test findings that
are specific and detailed, allowing researchers to analyze the
advantages and disadvantages or elements of the website that
must be refined [34]. Another automated tool is Google
Lighthouse, as highlighted by [35], due to its advanced metric
that assesses SEO, best practices, accessibility, and
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performance. The application of it was demonstrated in the
study by [36], that produced comprehensive evaluations with
ratings for several audit categories and doable
recommendations for improvement. On the other hand,
PageSpeed Insights evaluates webpage performance and
optimization and offers speed scores for desktop and mobile
versions [37]. The utilization of PageSpeed Insights in rating
loading times, giving ratings, and making recommendations
for speed optimization without sacrificing user experience was
highlighted by [38]. Additionally, Pingdom is a useful tool for
evaluating the effectiveness of websites. It assesses websites
using important parameters such as page requests, load times,
performance, and page sizes [39]. This is consistent with the
methodology used by [40] in their study, which employed
similar categories for evaluating websites. In addition,
Pingdom provides useful advice to improve loading times. Its
capacity to separate loading speeds for distinct website
elements, such as images, CSS, JavaScript, and RSS is
highlighted in the study by [39]. Furthermore, Pingdom is
available as a free online trial edition [41], which makes it an
easy-to-use tool for anyone looking to analyze and enhance
the effectiveness of their website.

III. METHODOLOGY

The researchers employed the methodological approach
implemented by [25] to conduct a thorough assessment of
software quality, taking into account both user and technical
points of view. The evaluation focused on two ISO 25010
characteristics - the usability and performance efficiency.
Usability is categorized under the user perspective, whereas
performance efficiency is classified under the technical point
of view.

A. Test Design Based on Technical Perspective
To assess the performance efficiency of the system, various

open-source automated tools such as WebPageTest, Google
Lighthouse, PageSpeed Insights, and Yellow Lab were
utilized. Additionally, a proprietary software, Pingdom, was
also used to check if disparities would emerge in the results
compared to those generated from free tools.

B. Test Design Based on Users’ Perspective
A usability questionnaire was utilized to collect user

feedback, encompassing statements that correspond to each
sub-characteristic of usability. Specifically, there were six (6)
statements addressing appropriateness recognizability, four (4)
statements for learnability, five (5) statements for operability,
another four (4) statements focusing on user error protection,
six (6) statements covering user interface aesthetics, and seven
(7) statements pertaining to accessibility. In total, the
questionnaire comprised 32 items.
To administer the system testing based on the user’s

perspective, the usability questionnaire was adapted into an
online survey instrument using Google Forms. A total of 346
respondents participated, specifically students aged between
19 and 24, coming from different state universities - who were
one of the key users of the BOSESKO application. The
demographic composition of the respondents comprised

48.1% women, 46.6% men, and the remaining 5.3% were
from the LGBTQ+ community.
In conducting usability analysis, quantitative descriptive

analysis was used. This involved calculation of the frequency
distribution of scores based on the quantitative values
assigned to each category on the five-point Likert scale. This
was also used in the computation and interpretation of the
weighted mean for each sub-characteristic as shown in Table
1.

TABLE 1. LIKERT RATING SCALE

Rating Scale Range Verbal Interpretation
5 4.50-5.00 Highly Acceptable
4 3.50-4.49 Acceptable
3 2.50-3.49 Moderately Acceptable
2 1.50-2.49 Unacceptable
1 1.00-1.49 Highly Unacceptable

IV. DISCUSSION

A. Performance Efficiency

1) WebPageTest: Figure 1 illustrates the page
performance metrics obtained through the WebPageTest tool.
One notable observation was the system's slow first-byte time,
which is 1.504 seconds, indicating a prolonged server
connection and response time. Furthermore, pixels began
appearing at 2.700 seconds, with the first contentful paint
loading at 2.673 seconds. The speed index was notably slow,
requiring 2.750 seconds for the page to appear usable.
Additionally, the largest contentful paint (LCP) recorded a
high value of 2.673 seconds, attributed to the element
involved being an image. Recommendations for optimization
were suggested to expedite the image fetching process. On a
positive note, there were no instances of cumulative layout
shift, and the main thread experienced no significant blockage,
taking only 0.945 seconds. Lastly, the page weight was
determined to be 1559 KB, highlighting the overall size of the
webpage.

Figure 1. Web Application Performance Summary Based on WebPageTest

2) Google Lighthouse: Four (4) metrics, namely
performance, accessibility, best practices, and search engine
optimization (SEO), were evaluated using this automated tool.
Figure 2 shows that the system demonstrated satisfactory
results, achieving 98% in performance, 83% in accessibility,
and a perfect score of 100% in best practices. However, the
SEO metric showed a slightly lower result at 80%. According
to the tool's assessment criteria, the system's overall
performance falls within the 90-100% range, categorizing it as
a good score, while the mobile platform as presented in figure
3, got 76%, which needs improvement.
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Figure 2. Web Application Performance Summary Based on Google
Lighthouse

Figure 3. Mobile Performance Summary Based on Google Lighthouse

3) PageSpeed Insights: Table 2 presents the results of
using PageSpeedInsights which tested the system on both web
and mobile platforms. The differences in performance are
discernible. The system exhibited a robust performance using
the web application with a score of 92, whereas for the mobile
platform, it lagged behind with a score of 65. On the other
hand, the system demonstrated higher accessibility on mobile
devices, yielding an 83 accessibility score compared to the
web application with a score of 82. Notably, both platforms
excelled in adhering to best practices, securing a perfect score
of 100. Examining SEO performance, the web application
outperformed the mobile with scores of 80 and 79,
respectively. Other metrics, such as first contentful paint,
favored the web application, achieving a faster load time of
0.5 seconds compared to the mobile's 1.3 seconds. Moreover,
the mobile platform showed considerably higher total
blocking time, with 1710 milliseconds, while the web
application experienced only 80 milliseconds. Similarly, the
speed index favored the web application at 0.9 seconds,
contrasting sharply with the mobile's 6.9 seconds. Analyzing
the largest contentful paint, the web application achieved a
loading time of 1.7 seconds, surpassing the mobile's 2.3
seconds. Meanwhile, no cumulative layout shift occurred for
both platforms.

TABLE 2. PAGESPEED INSIGHTS RESULTS

Metrics
BOSESKO

Web
Application

BOSESKO
Mobile

Application
Performance 92 65
Accessibility 82 83
Best Practices 100 100

SEO 80 79
First Contentful Paint 0.5 s 1.3 s
Total Blocking Time 80 ms 1710 ms

Speed Index 0.9 s 6.9 s
Largest Contentful Paint 1.7 s 2.3 s
Cumulative Layout Shift 0 0

4) Yellow Lab: Yellow Lab Tools was another tool
utilized for software quality testing in the mobile platform.
This automated tool as shown in Table 3 assessed the system
in detail by following ten (10) metrics and assigning scores
ranging from A as the highest to C as the lowest. The system's
performance for the seven metrics, including Requests, DOM
Complexity, JS Complexity, Bad JS, jQuery, CSS Complexity,
and Web Fonts, was deemed excellent, achieving a mark of A.
Additionally, page weight and server configuration received a
grade of B. Regarding page weight, a notable inadequacy was
observed in image optimization, a generally easy method for
reducing page weight and load time. The system could save
255 KB by optimizing 8 images, where one oversized image
was identified. Regarding server configuration, issues were
detected, including one HTTP protocol offender and 11
caching instances being disabled. Lastly, the Bad CSS metric
received a C rating. This was due to an unknown parsing error
during testing, leading to miscalculations in other CSS metrics
and scores.

TABLE 3.YELLOW LAB TOOLS SCORE DETAILS

Metrics
BOSESKO

Web
Application

BOSESKO
Mobile

Application
Page Weight A B
Requests A A
DOM Complexity A A
JS Complexity A A
Bad JS A A
jQuery A A
CSS Complexity A A
Bad CSS C C
Web Fonts A A
Server Configuration B B
Global Score A - 90/100 A - 89/100

5) Pingdom: Aside from employing open-source
software tools for testing, the researchers utilized Pingdom, a
proprietary software, to assess whether there were significant
differences in the results. Ultimately, the result generated from
this tool as shown in figure 4, closely aligned with those
obtained from other tools, yielding a performance score of 88
out of 100, corresponding to a descriptive mark of B which
means efficient.
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Figure 4. BOSESKO Web Application Performance Summary Based on
Pingdom

6) Performance Efficiency Test Summary: After
conducting a series of performance efficiency tests using five
distinct automated tools, the generated results were
consolidated in Table 4. For the web platform, five tools were
considered: WebPageTest at 76%, Google Lighthouse at 98%,
PageSpeed Insights at 92%, Yellow Lab Tools at 90%, and
Pingdom at 88%, resulting in an average performance score of
88.33%. In contrast, the mobile platform involved only four
tools - WebPageTest with a score of 74%, Google Lighthouse
with 76%, PageSpeed Insights with a score of 65%, and
Yellow Lab Tools with 89%, yielding an average performance
score of 76%. The substantial gap between the web
application and mobile efficiency is evident. Thus, further
improvements may be made, such as enhancing search engine
and image optimization.

TABLE 4. PERFORMANCE EFFICIENCY TEST RESULTS

Tools Used

Performance Score
BOSESKO

Web
Application

BOSESKO
Mobile

Application
WebPageTest 76% 74%
Google Lighthouse 98% 76%
PageSpeed Insights 92% 65%
Yellow Lab 90% 89%
Pingdom 88% -
Average Score 89% 76%

B. Usability
Based on the usability test results outlined in Table 5, it was

evident that respondents expressed an acceptable level of
agreement regarding the system's adherence to usability
sub-characteristics. The survey form contains 36 questions,
each sub-characteristic having six (6) questions. Notably, the
user interface aesthetics received the highest weighted mean
of 4.41, closely followed by appropriateness, recognizability,
and learnability, scoring 4.40, followed by user error
protection with 4.34, then operability with 4.30, and
accessibility with 4.28. The respondents somewhat agreed
with the system's overall usability, yielding an overall
weighted mean of 4.36. Moreover, this result is considered as
acceptable based on the criterion previously defined in Table
I.

TABLE 5.USABILITY TEST RESULTS

Sub-Characteristics Weighted
Mean

Verbal
Interpretation

Appropriateness
Recognizability

4.40 Acceptable

Learnability 4.40 Acceptable
Operability 4.30 Acceptable
User Error Protection 4.34 Acceptable
User Interface Aesthetics 4.41 Acceptable
Accessibility 4.28 Acceptable
Overall Weighted Mean 4.36 Acceptable

V. CONCLUSIONS

In conclusion, this research discusses the results of
AppTest, a comprehensive evaluation of the BosesKo
software system, a digital participatory toolkit designed to act
as a central hub to solicit insights on existing and upcoming
policies in the Philippines. The usability analysis involved
10,500 users, predominantly students from various state
universities in the Philippines. Initial findings revealed a
commendable user rating, with an average weighted mean of
4.36 across different usability sub-characteristics as evaluated
by 346 respondents. The system demonstrated effectiveness in
user interface aesthetics, appropriateness, recognizability,
learnability, operability, user error protection, and
accessibility. These results underscore the potential of
BOSESKO to actively engage the public in policy-making,
thereby enhancing civic participation.
Further, the performance efficiency assessment, which

employed various automated tools, including WebPageTest,
Google Lighthouse, PageSpeed Insights, Yellow Lab Tools,
and Pingdom, shows that the system exhibited satisfactory
scores in performance, accessibility, best practices, and search
engine optimization with an average score of 89% and 76%
for the web and mobile platform respectively.
However, this research identified areas for improvement,

particularly in search engine and image optimization, which
will serve as actionable points for further development. Future
works may also include evaluating the security and portability
of the BosesKo system for a more robust and efficient digital
participatory toolkit, thereby fostering increased civic
engagement in the policy-making process in the Philippines.
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