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Industry-aligned quality assurance (QA) education remains underexplored in software engineering (SE) curricula,
contributing to graduates’ unpreparedness for QA roles due to misalignments between academic training and industry
practices. This study examines the impact of Oral Inquiry Audits (OIAs) — a pedagogical tool derived from industry
practices involving oral discussions on QA processes — on undergraduate SE students’ group learning and project
deliverable quality. Using a quasi-experimental design, SE students developing web applications for real clients within an
ISO 25010:2023-aligned QA framework were divided into control (no OIAs) and treatment (OIAs) groups. Data
collection included assessments of QA knowledge and customer feedback, with statistical analyses comparing results
across groups. This study found that OTIAs enhanced group learning and project deliverables in team-based settings, with
the treatment group showing greater improvements than the control group, particularly in Integrity and Usability. OIAs
can serve as a replicable academic tool to bridge academia-industry gaps by providing experiential, standards-aligned QA
training, enhancing graduates’ readiness for QA roles, and integrating ISO frameworks into SE education.
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1. Introduction

A comprehensive quality assurance (QA) approach
is critical for producing high-quality software pro-
ducts. This study adopts the ISO/IEC 25010:2023
standard, which defines key characteristics of soft-
ware quality — in the categories of compliance,
correctness, maintainability, usability, and integrity
—relevant to applications developed by studentsin a
software engineering (SE) course [1-3]. These char-
acteristics serve as benchmarks for ensuring soft-
ware meets user needs.

QA processes are integrated throughout the soft-
ware development lifecycle (SDLC), beginning with
requirements analysis and extending through test-
ing and maintenance phases. Activities include
requirement analysis, risk management, validation
test planning, code reviews, and various types of
testing (e.g., unit, integration) [3, 4]. The goal is to
prevent defects, detect issues early, and improve SE
practices to deliver high-quality products [1, 2].

Inconsistent application of QA processes can
lead to software quality failures due to varying
compliance levels or inconsistent standards among
team members [4, 5]. This study focuses on addres-
sing these inconsistencies within individual student
projects
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1.1 Statement of the Problem

QA plays a critical role in software development,
yet there is a persistent misalignment between
academic instruction and industry practices in SE
education [6-8]. This gap contributes to inadequate
QA implementation, leading to software failures,
increased maintenance costs, and diminished qual-
ity [9, 10]. Addressing this issue requires training on
quality principles and preventive measures
throughout the software lifecycle [9, 10, 11-13].

This study investigates Oral Inquiry Audits
(OIAs), an industry-derived pedagogical tool
designed to enhance QA education by aligning
academic practices with industry standards. OIAs
supplement documentary audits by incorporating
interactive discussions where team members
explain their QA processes and rationale, providing
real-time feedback and fostering deeper under-
standing of QA principles [3, 14, 15]. Grounded in
Vygotsky’s zone of proximal development (ZPD),
OIAs leverage social learning through interactions
with auditors and peers, accelerating comprehen-
sion and improving communication skills essential
for professional QA roles [16, 17].

In SE education, OIAs can be used to evaluate
compliance with organizational QA processes by
examining artifacts such as test plans and test
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results. They align with ISO/IEC 25010:2023 stan-
dards and Capability Maturity Model Integration
(CMMI) Level 5 principles to ensure consistency
and foster iterative refinement of quality goals[1, 2].
For example, auditors may assess usability by
examining evidence of learnability metrics — defined
as the ability of users to learn product functions
within a specified timeframe — and verifying adher-
ence to prescribed processes [1].

By contributing to existing pedagogical tools
which can help bridge the gap between academia
and industry, OIAs can improve both learning
outcomes and project deliverable quality. Students
gain hands-on experience applying QA processes in
real-world scenarios while developing skills in
teamwork, reflection, and communication [14, 15].
This innovative approach addresses key challenges
in current QA pedagogy —such as limited alignment
with industry standards [3, 6, 18] — and positions
OIAs as a replicable framework for enhancing SE
education.

1.2 Purpose and Research Questions

This study explores the use of OIAs as a pedagogi-
cal approach in QA education in the SE domain, as
a tool to increase alignment between academic
instruction and industry practices. This is based
on the premise that exposing students to industry-
like processes in the classroom has the potential of
increasing alignment with industry practices, pos-
sibly enhancing students’ employability and readi-
ness to enter the workforce [18].

Specifically, the purpose of this study is to
investigate the impact of OIAs on (a) group learn-
ing of QA concepts, and (b) correlation of learning
with project deliverable quality. In the context of
the study, OIAs help ensure adherence of artifacts
against the SE process framework provided to
students (documented in the given project note-
book), which is inspired by ISO and CMMI stan-
dards. Adherence is assessed using a rubric,
standardized scripts, and protocols, which are
aligned with selected quality characteristics (applic-
able for web applications developed in the class) as
defined by the ISO/IEC 25010:2023 [1] and CMMI
[2] standards; and inspired by QA principles
described by Pressman & Maxim [3]. This study
determined the impact of OIAs in aligning project
deliverables with project requirements as agreed
upon with the assigned real customers.

This study was guided by the following research
questions:

Research Question 1: How does the use of OIAs
impact learning of QA, as a group, as measured
by pretest and posttest assessments?

Research Question 2: What is the correlation

between learning QA through the use of OIAs
and project deliverable quality?

2. Literature Review

This literature review explores the current state of
QA education in SE, focusing on the use of OIAs as
a pedagogical approach to better align academic
instruction with industry demands. It provides an
overview of QA concepts, challenges in aligning
education with industry standards, and innovative
teaching methods, including audits and peer
reviews, while situating the study within its theore-
tical framework.

2.1 Quality Assurance

QA, an integral component of a QMS, is a systema-
tic, planned set of actions designed to promote
high-quality products, services, and processes
while promoting continuous improvement [3, 19,
20]. Within this framework, QA focuses on process-
oriented, preventive actions; in contrast, QC
emphasizes product-focused, detective actions
[21-23]. Together, QA and QC provide leading
and lagging indicators for comprehensive perfor-
mance management [1-3, 24, 25].

The International Organization for Standardiza-
tion 9001:2000 (ISO 9001:2000) and CMMI define
essential QMS eclements applicable across disci-
plines [2, 24]. Specifically, ISO 9001:2000 for engi-
neering organizations offers a framework for
defining, identifying, and managing interrelated
processes to enhance overall quality, ultimately
leading to the fulfillment of customer requirements
[1, 3, 24]. CMMI is a process improvement frame-
work, developed by the Software Engineering Insti-
tute at Carnegie Mellon University, designed to
help organizations enhance their development pro-
cesses and deliver high-quality products and ser-
vices. [2].

Researchers have found inadequate QA can
result in increased failures, higher maintenance
costs, and decreased software quality [9, 11, 12].
In fact, despite the importance of QA and QMS [3],
there remains a pressing need to align academic
instruction with industry practices in QA. To
address this issue, researchers have suggested the
need for innovative pedagogical approaches to
bridge the gap between theoretical knowledge and
practical application of QA principles. One such
approach proven effective in industry is the use of
audits [3], which has been largely unexplored as a
learning tool in academic settings.

2.2 Industry—Academia Alignment in Quality
Assurance Education

Acharya [6] highlighted the need to align SV&V
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education with industry practices for engineering
graduates. Wilson and Johnson [26], in their study
of the Australian IT industry noted a growing
interest in quality management, and a university’s
response by adapting its educational offerings to
respond to industry trends. Stepanova et al. [27] in
their paper on employer feedback on hiring com-
puter science students, highlighted discrepancies
between undergraduate computer science program
outcomes and employers’ expectations, particularly
in fostering soft skills and practical skills, including
QA. Employers advocate for a curriculum that
teaches students a disciplined software develop-
ment approach which includes practices that pro-
duce high-quality results.

These studies have identified challenges in cur-
rent QA education, including insufficient hands-on
exercises and real-world applications in SV&V
education; lack of exposure to industry standards
such as ISO 9001, IEEE, and CMMI; and a short-
age of trained SV&V practitioners in industry
attributable to ineffective pedagogy. Before imple-
menting QA, organizations should provide com-
prehensive training on quality principles and goals,
corresponding policies and processes, relevant
metrics, and monitoring techniques for consistent
application [13]. This training is considered crucial
for ensuring effective implementation and consis-
tent application of QA practices across an organi-
zation.

2.3 Current Pedagogy in Quality Assurance

Researchers have explored various pedagogical
approaches to teaching QA, highlighting both
strengths and limitations. Padua [28] demonstrated
the effectiveness of audits in improving project
deliverable quality but noted the lack of control
groups or comparative analyses, limiting the assess-
ment of this approach. Similarly, Laporte and April
[29] integrated lectures, practical exercises, and
team projects but did not present quantitative
data or comparative evaluations. Other studies,
such as Jenkins [30] and Thompson and Edwards
[31], relied on observational insights rather than
empirical data, while Acharya et al. [32] introduced
hands-on activities like LEGO-based exercises and
active learning tools but lacked rigorous evaluation
of learning outcomes. Elgrably and Oliveira [33]
conducted a quasi-experimental study comparing
active learning with traditional methods, finding
improved outcomes for the experimental group but
excluding audits from their model. Across these
studies, common challenges persist, including insuf-
ficient empirical evaluation, limited alignment with
industry standards, and a focus on defect detection
rather than prevention [29, 34-36]. These gaps
highlight the need for innovative approaches like

OIAs, which emphasize process consistency and
industry alignment to address these pedagogical
challenges effectively.

2.4 Audits

An audit is a systematic, independent examination
of an organization’s records, processes, or systems
to verify their accuracy, effectiveness, and compli-
ance with established standards or regulations [37].
This formal evaluation serves as a critical tool for
ensuring accountability, improving quality, and
identifying areas for enhancement across various
domains, including healthcare, business, research,
and SE.

Audits have demonstrated significant benefits
across various fields, such as improving clinical
outcomes and patient safety in healthcare [38, 39],
enhancing compliance with counseling frameworks
in social services [40], and increasing financial
transparency and credibility in business [37, 41].
In qualitative research, audit procedures have been
shown to help maintain consistent quality in
research results and increase accountability [42].
The authors found the audit process aligned with
social learning principles in terms of social interac-
tion, observation, and modeled behaviors. This
alignment improved attention and retention,
boosted motivation, and enhanced learning
through others’ experiences.

These findings across diverse fields highlight the
potential of audits as a possible tool for quality
improvement and learning, suggesting their poten-
tial value in SE education. However, although
audits have shown promise in various fields, it is
important to compare them with other pedagogical
approaches used in engineering education.

2.5 Comparison with Other Pedagogical
Approaches

Several pedagogical approaches in engineering edu-
cation share similarities with audits but lack the
comprehensive features of OIAs. Cooperative
learning emphasizes teamwork and accountability
but does not include iterative reflection or align-
ment with industry standards, which are central to
OIAs [43]. Collaborative learning fosters peer inter-
action and reflection but lacks structured evalua-
tion and external feedback, which OIAs provide
through standardized audits and debriefing sessions
[44, 45]. Peer reviews focus on product quality but
overlook process compliance, whereas OIAs eval-
uate adherence to team-wide QA processes, pro-
moting continuous improvement [3, 46, 47].
Grounded in ISO/IEC 25010:2023 and CMMI
Level 5 principles, OIAs integrate social learning
and iterative refinement, bridging academic instruc-
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tion with industry practices to enhance SE educa-
tion [2, 3].

2.6 Theoretical Framework

Vygotsky’s ZPD provides the theoretical foundation
for exploring the impact of OIAs on learning QA
through social interactions within student teams and
between students and auditors. According to
Vygotsky’s ZPD, learning occurs most effectively
when a more knowledgeable individual guides stu-
dents through the learning process within their
developmental zone [16, 17]. Although originally
developed in the context of childhood development,
the ZPD concept has been applied successfully to
other domains, including engineering education [48].

In this study, OIAs facilitate interactions among
team members during audit preparation, with audi-
tors during the audit, and in post-audit discussions.
These interactions align with Vygotsky’s emphasis
on social learning, where guidance from more
knowledgeable individuals — whether peers or audi-
tors — accelerates students’ understanding of QA
processes. By requiring students to articulate their
understanding of QA practices verbally, OIAs
promote real-time feedback and reflection, helping
students identify and address gaps in their compre-
hension that might not be evident through written
documentation alone. Additionally, these interac-
tions foster essential communication skills [14, 15]
critical for professional QA roles.

Grounded in Vygotsky’s ZPD theory, this
research examines how OIAs influence both group
learning outcomes and project deliverable quality in
an undergraduate SE class. The study hypothesizes
that the social learning fostered by OIAs enhances
students’ ability to apply QA concepts effectively
while improving the quality of their project deliver-
ables as measured by user acceptance testing results
and customer satisfaction [3, 49].

3. Methods

This study investigated the impact of OIAs on
group learning of QA, and correlation with project
deliverable quality as part of an undergraduate SE
class. Vygotsky’s ZPD [16, 17] form the basis for
exploring the effect of OIAs on group learning and
the hypothesized impact to project deliverable
quality. According to the ZPD, specifically in the
area of social learning, learning happens when a
more knowledgeable person [16, 17], represented in
this study by other team members and the auditor,
guides the students through the learning process.
Guided by Creswell and Guetterman [50], this
section provides an overview of the research meth-
odology and the pedagogical approach to address
the study’s research questions.

3.1 Overall Research Design

This study employed a quasi-experimental quanti-
tative approach to compare control and treatment
groups, using the nonequivalent control group
design [51]. Both control and treatment groups
consisted of project teams tasked with developing
web applications for real customers who represent
organizations with needs for automation or deci-
sion support. Intact groups in this study, repre-
sented by class sections, are used rather than
random assignment of individuals, and pretests
and posttests are administered to both groups.
This design was chosen given the constraints of
the setting of the class, where random assignment
of individual students is difficult due to the possible
wide disparity of collective skill level across control
and treatment groups. It allows for a comparison
between groups while acknowledging the potential
preexisting differences between the intact groups.
Sections were randomly assigned to control or
treatment groups. The study includes measures
for both groups to assess the impact of the OIAs
on group learning, and its correlation with project
deliverable quality.

Both groups used the same experiential-learning
curriculum, a learner-centered pedagogy that
emphasizes learning-by-doing [52].Statistical ana-
lysis was used to assess differences between the
control and treatment groups across two dependent
variables: learning and project deliverable quality.
The study was conducted over multiple semesters,
with group learning, and its effect on project
deliverable quality, being investigated simulta-
neously. This research design aims to provide an
evaluation of the impact of OIAs when combined
with experiential-based learning

3.2 Pedagogical Approach

The pedagogical approach in this study aims to
achieve two key learning outcomes: equipping
students with the ability to articulate relevant
ISO-based quality characteristics and correspond-
ing targets, and with the ability to describe the
processes and artifacts that contribute to meeting
these quality characteristics. The approach is
grounded in experiential learning (EL), a learner-
centered pedagogy that bridges classroom theory
with industry skills by engaging students in active
problem-solving and reflection [52]. EL fosters
deeper understanding of engineering concepts, pro-
ject management, and professional collaboration
while aligning educational outcomes with work-
force demands. In this study, students were divided
into project teams using stratified randomization to
ensure balanced representation based on shared
characteristics, such as QA experience [53]. Each
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team was assigned a real-world customer requiring
a web-based application for automation or decision
support. Teams followed an SE process framework
inspired by ISO/IEC 25010:2023 [1] and CMMI
standards [2], which demonstrated a 97% success
rate in previous student projects [1, 2, 24]. A rubric
aligned with the process framework guided students
through project execution. Development occurred
over three iterative sprints, short phases typical of
agile projects that adapt to changing requirements
[3]-

The treatment group underwent OIAs after each
sprint, while the control group followed the stan-
dard curriculum without audits. OIAs were inspired
by Gantz’s IT audit methodology and conducted by
teaching assistants using standardized prompts and
rubrics [54]. During OIAs, auditors assessed adher-
ence to QA processes by examining artifacts and
engaging students in discussions about quality
characteristics such as usability. For example, audi-
tors evaluated learnability — a sub-characteristic of
usability defined as the ability of users to learn
product functions within a specified timeframe —
by reviewing metrics and evidence of process adher-
ence [1]. This hands-on approach aligns academic
instruction with industry practices while fostering
reflection and skill development critical for profes-
sional QA roles. By integrating EL principles with
OIlAs, this study provides a replicable framework
for teaching QA concepts in SE education.

3.3 OIA Implementation

Each OIA consisted of a structured, interactive
dialogue between the student development team
and an assigned auditor and was conducted once
after each sprint (for a total of three audits) [56].
OIAs supplemented documentary audits of project
artifacts by adding a dynamic discussion layer,
promoting deeper engagement with QA principles.

The auditor’s primary role was to verify each
team’s adherence to the course’s SE process frame-
work — as documented in their project notebook —
and to prompt students to clearly articulate and
justify their QA decisions. Both the process frame-
work and accompanying rubrics were aligned to
recognized  standards, including ISO/IEC
25010:2023 quality characteristics and relevant
CMMI practices. Below is a description of a session
sequence:

1. Presentation of Artifacts: The team began by
presenting key artifacts from the sprint, such as
updated user stories, acceptance criteria, test
case documentation, and usability test results.

2. Rubric-Guided Inquiry: The auditor initiated a
series of questions from an audit rubric tailored
to the QA characteristic under review, such as

Usability, Compliance, Integrity, Maintain-
ability, or Correctness. For instance, when
reviewing Usability, teams were asked to pro-
vide evidence supporting specific sub-charac-
teristics like Learnability or Inclusivity. For
more detail on the audit rubrics and evaluation
criteria, see the “Assessment Instruments’ sec-
tion.

e Example (Learnability): The auditor looked
for requirements that were both measurable
and testable (e.g., “A college-aged user shall
perform Task A in under five minutes”).

e Teams could be prompted: “Please show
evidence that users can accomplish Task A
within the specified time.”

e Example (Inclusivity): The auditor requested
evidence that the application’s accessibility
had been evaluated according to the Web
Content Accessibility Guidelines (WCAG),
potentially using a WAVE report to identify
any compliance errors or usability barriers
for people with disabilities.

3. Evidence and Rationale: The auditor requested
supporting documentation (such as test cover-
age reports, user feedback, design mock-ups)
and probed for the rationale behind the team’s
QA decisions. This approach encouraged stu-
dents to reflect on both procedural and user-
centered aspects of their software.

4. Real-Time Response and Dialogue: Student
teams responded in real time, explaining their
reasoning, referencing relevant metrics, and
acknowledging any deviations from the pre-
scribed process. The interactive nature of the
audit facilitated immediate clarification and
fostered student growth through direct feed-
back.

5. Feedback and Incremental Improvement: The
auditor provided timely feedback, highlighting
both areas of compliance and any deficiencies
requiring correction prior to the next sprint.
This iterative cycle reinforced continuous
improvement and ensured that students had
specific, actionable goals for subsequent work.

To provide further context for these procedural
steps, students and customers shared their experi-
ences with the OIA process. Several student parti-
cipants noted that the structured audit questioning
in OIAs “prompted us to revisit test cases before
each sprint review,” enabling their teams to catch
errors early and refine deliverables. Customers
consistently noted that teams ‘“asked thoughtful
questions that clarified expectations and technical
specifications,”” and by Sprint 3 observed ‘“‘visible
gains in visual consistency, user flow optimization,
and overall application quality.” One student
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reported that towards the end of the software
development lifecycle “our customer felt the UI
was intuitive, even similar to existing software he
uses,” underscoring how iterative, rubric-guided
feedback not only improved technical correctness
but also aligned products with professional usabil-
ity standards.

3.4 Site Location and Population

The study was conducted at a large Southwestern
R1 HSI university. Participants are students in the
Computer Science & Engineering BS program
enrolled in an SE course. Students in the SE
course have diverse backgrounds, including varying
levels of prior relevant work experience. Many have
a high GPA, reflecting the competitive entry thresh-
old for Computer Science and Engineering. This
location was selected through convenience sam-
pling, leveraging the researcher’s employment at
the institution and role as the class instructor for
the class. This approach was chosen primarily due
to ease of access to the student population, time and
cost efficiency, and the researcher’s familiarity with
the organizational environment [51]. The location
provided an opportunity to assess the impact of
OIAs on students’ learning in QA, correlated with
project deliverable quality, in a real classroom
setting.

The population consisted of all students enrolled
in an SE course, consisting of junior and senior level
undergraduate students, mostly majoring in com-
puter science, with a small percentage majoring in
computer engineering and other disciplines such as
electrical engineering. In an academic year, there
are between 100 and 150 students enrolled in this
class. The SE class is an elective course with the
prerequisite of the foundations of SE course for
students majoring in Computer Science and Engi-
neering. However, this pre-requisite is not manda-
tory for students outside of Computer Science and
Engineering. This SE course is the only one con-
ducted in the spring and fall semesters.

3.5 Variables

The independent variable for this experiment was the
OIAs administered to the treatment group partici-
pants. The dependent variables measured were learn-
ing of QA and project deliverable quality. To
minimize intermingling, sections were randomly
chosen to contain only control or only treatment
groups. Both groups received identical course mate-
rials, pretest and posttest instruments, and instruc-
tion from the same instructor and teaching assistants
whenever possible. Teaching assistants assigned to
the treatment group were provided with standar-
dized OIA protocols, scripts, and rubrics to maintain
consistency. The treatment group were subjected to

OIAs, while the control group followed the standard
curriculum without modifications. Finally, posttest
measures were administered to both groups to eval-
uate the effectiveness of OIAs on learning outcomes
and deliverable quality, enhancing the study’s inter-
nal validity and reliability.

3.6 Data Collection

Data collection used quantitative methods, consist-
ing of pretests and posttests using audit rubrics and
customer feedback forms. Pretests, consisting of
audit rubrics, were given during the first of three
iterative sprints, short phases typical of agile pro-
jects and posttests after the third and last sprint.
Audit rubrics assessed group adherence to QA
processes during sprints, incorporating principles
from CMMI Level 5 [2] and ISO/IEC 25010:2023
[1]. For example, students were asked to describe
the monitoring of quality objectives and the process
they applied to achieve them. Customer feedback
forms inspired by Hill et al. [55] assessed satisfac-
tion with deliverables.

Stratified randomization balanced participants’
prior experience across treatment and control
groups. Treatment groups underwent OIAs using
standardized protocols, while control groups
simply followed the standard curriculum. Data
was gathered at multiple points — after each
sprint. Creswell and Creswell’s [51] exclusion cri-
teria addressed incomplete data, nonparticipation,
outliers, inter-group collaboration, attrition, and
prior audit experience. Identical course materials
and trained personnel ensured comparability across
groups.

This study prioritized bias mitigation to enhance
internal validity, as emphasized by Creswell and
Creswell [51]. Key strategies included:

Standardized Training: Instructors and teaching
assistants underwent uniform training to ensure
consistent application of OIA procedures.

e Standardized Grading: Detailed rubrics with
clear criteria guided evaluations. Graders parti-
cipated in training sessions, mock evaluations,
and regular discussions to address discrepancies,
ensuring consistent grading standards.

¢ Blind Methodology: Bias was minimized through
measures such as auditors with minimal student
interaction, anonymized data coding during ana-
lysis, and blind evaluation of deliverables and
results.

e Standardized Protocols: Uniform scripts and
procedures were employed to reduce subjective
interpretations during OIAs.

These measures collectively aimed to control bias
throughout data collection and analysis, to help
bolster the study’s reliability.
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3.7 Assessment Instruments

Below is a description of the assessment instru-
ments used in this study: the group audit rubrics
employed to measure group learning (with an
illustrative example for Usability) and the instru-
ment used to gather customer feedback on project
deliverable quality.

3.7.1 Assessment Instrument for Usability ( Group
Audit Rubric)

To systematically assess group learning and deliver-
able quality in usability, we employed a structured
group audit rubric aligned with industry standards.
This rubric was applied during OIAs to evaluate the
presence, quality, and effectiveness of usability-
focused practices and artifacts in student projects.
The criteria reflect ISO/IEC 25010:2023 usability
characteristics and established quality assurance
methodologies, encouraging evidence-based reflec-
tion, measurable outcomes, and continuous
improvement.

Each team’s work was evaluated using weighted
criteria contributing to a composite score out of
100%. Evaluators used a four-point scoring guide
to ensure that assessments were specific and detailed,
minimizing the risk of generic or off-topic responses.

Usability Assessment Criteria and Weights:
1. Usability Requirements (20%)

e Evidence of user stories and/or acceptance
criteria explicitly addressing usability.

e Requirements specified as measurable and
testable (e.g., “A college-aged user shall be
proficient in basic system use within five
minutes”).

2. Test Case Evidence — Sunny-Day and Rainy-

Day Scenarios (20%)

e Test cases cover both typical (sunny-day)
and edge/failure (rainy-day) user scenarios.

e Test documentation includes clear inputs,
expected outcomes, and pass/fail criteria.

3. Usability Test Coverage (15%)

e Percentage of usability-related test cases exe-

cuted, with documentation of pass/fail rates.
4. Usability Test Results (25%)

e Representative samples of test results for
usability scenarios, including both successes
and failures.

5. Usability Monitoring Evidence (20%)
e Ongoing documentation of usability tracked
via project metrics addressing:
— Learnability
— Operability
— User error protection
— Inclusivity
Scoring Guide:
3 — Meets Expectations: Specific, detailed, and

personally developed evidence; thoroughly
addresses all criteria.

2 — Partially Meets Expectations: Includes
some specificity but relies on generic or
template-based elements.

1 — Minimally Meets Expectations: Mostly
generalized and lacks sufficient detail.

0 — Does Not Exist or Unacceptable: Off-
topic or missing evidence.

This standardized rubric allowed the research
team to compare both the breadth and quality of
usability assurance across teams. By focusing on
explicit artifacts and ongoing process monitoring,
the instrument supports the alignment of student
practices with professional expectations for usabil-
ity-focused QA.

3.7.2 Customer Feedback Form and User
Acceptance Testing (UAT)

At the conclusion of each sprint, actual customers
completed a combined User Acceptance Testing
(UAT) and customer satisfaction survey instrument
adapted for agile practice. During UAT, critical
deliverable features were evaluated using a pass/fail
metric for key requirements, and overall satisfac-
tion with features was rated on a five-point Likert
scale. Customer data were collected blind to team
assignment (customers were not informed whether
teams were in the OIA or control group).

The customer feedback instrument included tar-
geted items assessing both completeness and quality
of project delivery:

e Completeness: Customers rated their satisfaction
with how well the team addressed and delivered
all agreed-upon requirements, using a point scale
(0-3+). Survey prompt included: “Completeness
— Rate your satisfaction on how well the team
understood your requirements, as shown by the
delivery of all agreed-to requirements.”” Branch-
ing follow-up questions prompted respondents to
provide supporting information for their rating.

e Quality: Customers assessed how well the team
implemented the specified features (as referenced
in the UAT Form), including whether the appli-
cation was free from errors and whether each
feature met their definition of success. Satisfac-
tion was recorded using the same rating scale,
with open response fields for justification. Survey
prompt included: Rate your satisfaction on how
well the team implemented the agreed-to features
described in the User Acceptance Test Form.
Was the app free from errors? Did each feature
satisfy your definition of success?”

By integrating both quantitative ratings and
qualitative feedback, the customer satisfaction
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instrument provided detailed insights on functional
delivery and implementation quality, supporting
robust post-sprint evaluation of student projects.

3.8 Data Analysis by Research Question

3.8.1 Research Question 1: How does the use of
OIAs impact group learning of QA?

The null hypothesis (H;o) posits no impact of OIAs
on QA learning, while the alternative hypothesis
(Hi.) suggests a positive effect. Data from OIA
rubrics were analyzed. The Mann-Whitney U test
[57], ideal for small samples and non-normal dis-
tributions, compared Sprint 1 and Sprint 3 results
between treatment and control groups, providing a
robust evaluation of OIAs’ impact on group learn-
ing of QA.

3.8.2 3.8.2 Research Question 2: What effect do
OIAs have on project deliverable quality?

The null hypothesis (H,o) posits no effect of OIAs
on deliverable quality, while the alternative (H»,)
suggests a positive impact. Customer feedback
forms inspired by Hill et al. [S5] measured satisfac-
tion ratings with teams developing identical appli-
cations for comparability. Statistical analysis via
one-way and repeated measures ANOVA com-
pared quality improvements (Sprint 1 vs. Sprint 3)
between groups, supplemented by Levene’s and
Shapiro-Wilk tests to ensure validity despite non-
normal data and small samples, providing a stan-
dards-aligned evaluation of deliverable quality.
With the study design, data collection protocols,
and analytic approach detailed above, we next
report the results of these analyses. Findings are

M Control

Mean Change QA Score (Post-Pre)

Sprint 3 minus 1
Compliance

Sprint 3 minus 1
Correctness

el

Sprint 3 minus 1
Integrity

presented in alignment with the research questions,
focusing first on group learning gains and then on
difference in project deliverable quality.

4. Results

This section presents the findings of our study on
the impact of OIAs on group learning and project
deliverable quality in an SE course. We analyzed
data collected from control and treatment groups
using various statistical methods, including one-
way ANOVA, and repeated-measures ANOVA.
Our analysis focused on comparing improvements
in quality metrics between Sprint 1 and Sprint 3 for
both groups and examining the overall effect of
OIAs on group learning and customer satisfaction.
The following subsections detail our findings, start-
ing with descriptive statistics and progressing
through more complex analyses.

4.1 Descriptive Statistics

We measured score improvement on five OIA
metrics between Sprint 3 and Sprint 1 for control
and treatment groups. The treatment group had
wider improvements than the control group on all
metrics except Compliance, where both groups had
relatively little improvement (Treatment: M =
0.433, SD = 1.268; Control: M = 0.5, SD =1.225).
The treatment group had the most score improve-
ment for Usability (M = 1.275, SD = 1.419) and
Integrity (M = 1.25, SD = 0.814). The control group
also had the largest improvement on Usability (M =
0.875, SD = 0.386). Fig. 1 shows the mean score
improvement between sprints for both groups.

Treatment

Sprint 3 minus 1
Usabdlity

Sprint 3 minus 1
Maintainability

Sprint 3 minus 1
Average

Fig. 1. Mean score improvement for control and treatment groups.
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Table 1. Sprint 3 minus Sprint 1 t-tests between control and
treatment

t df P
Compliance 0.093 9.988 0.536
Correctness -0.789 9.118 0.225
Integrity -3.161 5.142 0.012*
Usability -0.666 5.735 0.266
Maintainability -1.692 8.098 0.064
Average -1.217 7.433 0.13

Note. * = p < 0.05.

4.2 Mann-Whitney U Tests

We conducted a series of Mann-Whitney U tests, to
determine whether the mean score improvements of
Compliance, Correctness, Integrity, Usability, and
Maintainability from Sprint 3 and Sprint 1 for the
treatment group were significantly different from
the control group (see Table 1 for detailed t-test
results). We also tested the change differences for
the average of all metrics. A significant difference

between treatment and control groups was
observed for Integrity t(9.99) = -3.161, p = 0.012.
No other differences were significant, but Maintain-
ability approached significance.

4.3 ANOVA

We performed a series of one-way analyses of
variance (ANOVA) to examine the differences in
improvements (delta) between control and treat-
ment groups following the classroom intervention
on the final project ratings of Usability, Integrity,
Maintainability, Compliance, and Correctness.
Levene’s test of equality and Shapiro-Wilk’s nor-
mality checks were performed for each test. We
found that Integrity, F(1, 10) = 5.174, p = 0.046,
and Usability, F(1, 10) = 9.1, p = 0.013, violated
Levene’s test due to unequal variance between
groups, and Compliance and Integrity did not
meet the Shapiro-Wilk test of normality (W =
0.539, p > 0.001; W = 0.843, p = 0.03).

Table 2. Sprint 3 minus Sprint | ANOVA results for control and treatment groups

SS df MS F p e
Compliance Group 0.013 1 0.013 0.009 0.928 8.576x10-4
Residuals 15.533 10 1.553
Correctness Group 0.75 1 0.75 0.622 0.449 0.059
Residuals 12.06 10 1.206
Integrity Group 3.36 1 3.36 9.994 0.01* 0.5
Residuals 3.362 10 0.336
Usability Group 0.48 1 0.48 0.444 0.52 0.043
Residuals 10.813 10 1.081
Maintainability Group 0.653 1 0.653 2.861 0.122 0.222
Residuals 2.283 10 0.228
Note: * = p < 0.05.
B Control Treatment
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Fig. 2. Mean score differences for group learning metrics.
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A significant difference between groups in mean
score change (delta) was found for Integrity,
F(1,10) = 9.994, p = 0.01, n* = 0.5 (see Table 2 for
complete ANOVA results). Mean differences also
approached significance for Maintainability,
F(1,10) = 2.861, p = 0.122, > = 0.22 at a = 0.10.
No other mean score differences were significant.

4.4 Repeated-Measures ANOVA

We performed a series of one-way repeated-mea-
sures analyses of variance (ANOVA) to determine
whether quality of deliverables scores (Group
Learning and Customer Satisfaction) were signifi-
cantly different for control and treatment groups
between Sprint 1 and Sprint 3.

Results of the repeated measures ANOVAs eval-
uating score improvements between groups showed
a main effect of group on scores, F(2, 20) = 5.338, p
= 0.014, n* = 0.26, indicating that scores were
significantly different between control and treat-
ment (see Fig. 2 for mean score differences for
group learning metrics). However, there was no
significant interaction between the repeated mea-
sures factor and group, F(1, 10) =2.164, p = 0.172,
= 0.041.

5. Discussion

The results of this study provide quantitative and
practical evidence that OIAs can improve group
learning of QA processes and, in certain domains,
enhance project deliverable quality. Consistent with
Vygotsky’s ZPD, which posits that learning occurs
most effectively when guided collaboration chal-
lenges learners just beyond their current indepen-
dent capability, the OIA format positioned the
auditor as a “more knowledgeable other” [16, 17]
guiding student teams through a scaffolded reason-
ing process. Structured questioning and requests
for evidence required teams to operate just beyond
their current mastery, encouraging active resolution
of gaps and aligning with prior findings in social
learning contexts where immediate, targeted feed-
back accelerates conceptual understanding [43, 45].
In this study, auditors and peers prompted stu-
dents to articulate their reasoning, defend QA
decisions, and connect evidence to standards-
based criteria. Over successive sprints, students
shifted from heavy reliance on auditor guidance to
independently applying QA principles — an indica-
tor of progression through the ZPD. This iterative,
socially mediated process advanced not only tech-
nical understanding but also professional compe-
tencies such as evidence-based justification, critical
reasoning, and reflective self-assessment [48, 49].
The observed improvements in Integrity and
Usability echo Padua’s [28] report of improved

deliverable quality through audit-based pedagogy,
while extending their work through the inclusion of
a control group and systematic measurement of
learning outcomes. Similarly, Laporte and April
[29] integrated QA practices into project-based
work but without the oral defense component
which, in our study, appeared to solidify learning
through articulation and justification. This aligns
with findings from Kolmos and Holgaard [58], who
reported that in team-based oral project examina-
tions, the dialogic questioning process progresses
from broad to deep technical inquiries, enabling
students to demonstrate both breadth and depth of
understanding. They found that such oral defense
settings mirror professional engineering practice,
fostering collaborative reasoning, communication
skills, and the ability to articulate and defend
decisions — skills highly valued by industry.
Unlike Padua [28] and Laporte and April [29],
who reported only qualitative gains, this study
provided statistically significant evidence by com-
paring gains of the treatment group (with OIAs) to
those of the control group (standard EL pedagogy).

The use of OIAs encourages standardization of
educational QA frameworks, grounded in industry
standards such as ISO/IEC 25010:2023. This stan-
dard provided defined expectations for artifacts,
processes, and evaluation criteria, which — when
coupled with OIAs — minimized subjective inter-
pretation by instructors and auditors and led to
more consistent application of QA processes. By
making these expectations explicit, OIAs helped
ensure equal opportunities for project teams to
succeed. This effect held regardless of differences
in prior experience, skill mix, or work style. Social
learning theory suggests that such a structured,
equitable environment supports more uniform mas-
tery of QA competencies. [45].

Beyond learning outcomes, customer satisfaction
improved in both control and treatment groups.
The use of OIAs exposes students to standardized
and stable QA practices in academic settings — a
practice important to workplace readiness [3]. This
practical uniformity, even in the absence of large
mean differences in customer satisfaction ratings,
represents a noteworthy pedagogical contribution:
graduates are better equipped to enter industry
better prepared to follow and adapt formal QA
procedures, apply structured methods, and engage
in reflective, evidence-driven decision-making.

While these findings demonstrate important edu-
cational benefits, they must be interpreted in light of
several methodological and practical limitations.

6. Limitations and Future Research

This study acknowledges several limitations that
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may have influenced its findings. Data collection
relied on structured surveys and rubrics rather than
richer qualitative approaches — such as focus group
interviews — which could have illuminated the
interactional dynamics that make OIAs effective.
Researcher bias, stemming from prior experience
with OIAs, may have introduced subjectivity, and
customer evaluations of project deliverable quality
may lack objectivity. The study’s focus on under-
graduate SE students limits its generalizability to
other contexts, and the small sample sizes reduced
statistical power, while the one-semester period
posed challenges for students to fully grasp QA
principles amidst competing course topics. Addi-
tionally, implementing OIAs required significant
time, resources, and consistent application by
teaching assistants, presenting logistical hurdles.
Confusion between Compliance (alignment with
customer requirements) and Correctness (align-
ment with developer interpretations) contributed
to rating variability, likely due to students’ limited
exposure to requirement negotiation processes.
Ceiling effects in customer satisfaction scoring
may also have masked subtler differences in deliver-
able quality, suggesting the need for more granular
quality metrics.

These kinds of challenges are not unique to this
study. Consistent with findings reported by Drob-
ni¢ Vidic [59], the use of process- and outcome-
oriented assessment instruments — such as audit
rubrics and authentic project portfolios — enhances
the alignment between evaluation methods and
intended learning outcomes. Nevertheless, limita-
tions in reliability, student workload, and formative
feedback echo challenges in the broader engineering
education literature. Future research should con-
tinue to refine these instruments and study their
impact on skill development and transferability in
professional contexts.

Despite these limitations, the study showed that
OIAs significantly enhanced group learning in
domains such as Integrity and Usability, as well as
project deliverable quality — gains attributed to
OIAs’ emphasis on social learning and iterative
customer feedback. However, non-significant find-
ings in Maintainability highlight the challenges of
measuring long-term code sustainability in short
academic projects; future studies should consider
phased assessments mirroring industry workflows,
such as modularity evaluations, code reviews, and
post-delivery testing.
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7. Conclusions

This study highlights the potential of OIAs as an
innovative pedagogical approach to enhance QA
education in undergraduate SE. OIAs help to align
academic instruction with industry practices, redu-
cing the gap between theoretical knowledge and
practical application, preparing students for real-
world QA roles. The findings demonstrated that
OIAs hold promise in improving group learning
and project deliverable quality, particularly in
metrics such as Integrity and Usability. These
improvements underscore the value of integrating
experiential learning techniques grounded in
Vygotsky’s ZPD, which fosters collaboration,
reflection, and skill application.

Beyond SE, the structured approach of OIAs and
their alignment with ISO/IEC 25010:2023 offer
broader applicability across disciplines that empha-
size quality management systems. This study con-
tributes to QA pedagogy by providing a replicable
framework that supports industry-academia colla-
boration while equipping students with skills essen-
tial for professional success. Future research can
expand on these findings by exploring individual-
level learning outcomes and implementing OIAs
across diverse educational settings to further vali-
date their effectiveness.
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Appendix A: Glossary

ANCOVA Analysis of covariance QA Quality assurance

CMMI Capability maturity model integration QC Quality control

CSCE Computer Science and Engineering SDLC Software development lifecycle

EL Experiential Learning SE Software engineering

GPA Grade point average SQA Software quality assurance

ICT Information and communication technology SV&V Software verification and validation
ISO International Organization for Standardization ZPD Zone of proximal development
OIA Oral inquiry audit
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