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Abstract

This article presents EVALLOS, a comprehensive platform for assessing the Received  18/02/2025
achievement of Program Learning Outcomes (PLOs) and supporting academic quality =~ Accepted ~ 01/11/2025
assurance in higher education. The platform implements a multi-level learning analytics ~ Published  28/12/2025
workflow that maps assessment items to Course Learning Outcomes (CLOs),

aggregates CLO results across classes and courses, and computes program-level PLO

attainment indicators. Bloom-based rubrics are employed to capture both lower-order

and higher-order cognitive skills, while a CLO-PLO alignment matrix enables

systematic aggregation of course results to the program level. This study focuses on the ~ Keywords

design and operationalization of accreditation-oriented indicators that support evidence- Learning Analytics,

based quality assurance and continuous improvement in alignment with international
frameworks such as ABET, AUN-QA, and FIBAA. The system was deployed in a
Vietnamese university, where the results indicate improved transparency in outcome

Outcome-Based
Education, CLOs-PLOs

evaluation and more focused curriculum improvement actions driven by program-level Alignment Matrix

analytics and stakeholder feedback.
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1 Introduction gaps between classroom practice and program

o ) , accreditation reports.
Recent reforms in Vietnamese higher education have

placed increasing emphasis not only on the definition
of student learning outcomes (SLOs), but also on
providing convincing evidence that program learning
outcomes (PLOs) are being systematically achieved.
Accreditation agencies require robust documentation
of how course level assessments are aggregated and
used for program level decision making. However,
most existing information systems still treat assessment
data as isolated scores at the course level, which creates

https.//doi.org/10.55401/29z76f32

These issues can only be addressed by having a better
and more comprehensive framework for evaluating
SLOs. This kind of framework must go beyond the
reliance on numbers like test scores alone to involve
means of measuring things like experiences and
feelings. Observation, portfolios, and feedback from
stakeholders are some of the methods that can give us
a true idea of how our students are doing related to
program level learning [1]. If these means are utilized,
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universities can move toward fact-based decisions

about their curricula, teaching, and assessment
methodologies. In this way, their educational programs
would remain relevant and of high quality over time.
It aims to establish a coherent system through which
various SLOs assessment data are collected, processed,
and reported. This system aims to provide universities
with more specific details on how well their students
are achieving the set program level learning results. In
this way, it will be easier for curriculum developers to
implement changes and enhance training programs.
The application of such technology in colleges and
universities in Viet Nam will enhance their output
quality by ensuring that these programs maintain their
relevance to set training goals and meet the needs of the
students [1]. Researchers have also established a very
valuable framework for assessing outcome standards at
the student and subject levels based on the analysis of
various techniques for measuring student and subject
learning outcomes [1]. The framework will serve as the
foundation for the design of EVALLOS system that is
intended to ease and enhance the assessment of
learning outcomes in universities=

A preliminary version of EVALLOS platform,
focusing primarily on course learning outcome (CLO)
and student learning outcome (SLO) assessment at the
course level, was previously reported in a conference
paper presented at ATAC 2024 [2]. In addition, a
companion journal article has described the core data-
processing architecture and Al-driven reporting
mechanisms of EVALLOS [3]. The present article
complements these prior publications by shifting the
and a

focus to accreditation-oriented indicators

program-level analytics workflow that supports

evidence-based academic quality assurance. In
particular, this study emphasizes how CLO-level
evidence is systematically aggregated to demonstrate
PLO attainment, how these indicators align with
international accreditation frameworks, and how the
resulting analytics support continuous improvement
processes at the program level. Technical details of
automated reporting and Al-assisted content generation
are outside the scope of this article and are discussed in

[3].The main contributions of this article are threefold:
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(1) We design and implement a multi-level analytics
workflow that aggregates CLOs results across classes and
courses to estimate PLO attainment at the program level.
(2) We operationalize accreditation-oriented indicators
that connect EVALLOS reports with the expectations
of ABET, AUN-QA and FIBAA.

(3) We report empirical findings from the deployment
of EVALLOS in a real higher education context and
discuss its implications for academic quality assurance
and continuous improvement.

2 Literature Review

2.1 International Accreditation Standards for
Evaluating Educational Outcomes

The standards of international accreditation are an
important aspect in ensuring the quality of higher
education programs delivered worldwide. Through the
effective utilization of frameworks, the standards serve
to facilitate the assessment, quantification, and
enhancement of the programs’ CLOs and PLOs for the
institutions. A number of prestigious organizations
contributing to the quality of high education programs
delivered worldwide are ABET (Accreditation Board
for Engineering and Technology) [4], AUN-QA
(ASEAN University Network Quality Assurance)[5],
and FIBAA (Foundation for International Business
Administration Accreditation) [6], among others, who
utilize distinct approaches for the assessment of their
results in the field of education.

ABET accredits programs in technology, computer
engineering, and science to ensure graduates meet
Its framework

social and industrial needs [4].

emphasizes clear goals and outcomes, program
development, and adequate support services, assessed
through self-evaluation, peer review, and continuous
improvement [4]. ABET accreditation also provides
global recognition and supports ongoing curriculum
updates to keep pace with technological change [4].

AUN-QA aims

standards across ASEAN and ensure programs remain

to harmonize higher education

relevant to labor market needs [5]. Accreditation

typically
followed by external reviews, including stakeholder

involves institutional self-assessment

interviews and checks on alignment between teaching,
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learning, and outcomes [5]. It also supports regional
cooperation and continuous improvement to strengthen
graduate readiness [5].

FIBAA focuses on accrediting higher education
programs in business administration, social sciences,
and law [6]. Its process typically includes institutional
self-assessment and external site visits to review how
learning goals are planned, implemented, and
evidenced through teaching, assessment results, and
quality assurance practices [6].
ABET, FIBAA, and AUN-QA

development of EVALLOS by shaping its alignment

informed the

and quality assurance approach. In particular, AUN-
QA emphasizes constructive alignment between
learning objectives and CLOs/PLOs, while ABET
highlights evidence-based assessment and performance
FIBAA
reinforces the role of self-assessment and reporting to

indicators for continuous improvement.
support ongoing program enhancement. Together,
these perspectives help EVALLOS align outcome
evaluation with international quality benchmarks.

2.2 Global Methodologies for Evaluating Educational
Output Standards

OBE emphasizes explicit identification of learning
outcomes and the focus of all learning processes toward
the realization of the stipulated learning outcomes [7].
Most modern accreditation standards such as ABET
and AUN-QA operate using the principle of OBE. It
emphasizes the close linkage between PLOs and CLOs
and provides encouragement for a continuous
improvement process through collection and analysis
of data from the stakeholders, including teachers and
students, as well as business partners to ensure that
training objectives remain helpful and relevant to the
needs of today's working environments [7].
Performance Indicators are quantitative and qualitative
measures used to determine whether learning goals have
been achieved [8]. In Viet Nam, program indicators are
employed in higher education institutions such as Lac
Hong University to establish how CLOs and PLOs
deliver combined positive outcomes with the aim of
further improving their curriculum. Benchmarking is the
process whereby an institution measures its performance
against those of similar institutions or other global

standards aimed at assurance of quality and continuous
improvement. This method helps schools find their
strengths and weaknesses so that they can meet or
exceed international educational standards [8].

Rubrics are detailed modes of evaluation that designate
standards on how to judge the performance of students
on specific assignments [9]. They make an assessment
more open and fair to students by giving them feedback
on what they are doing. Rubrics are excellent in
measuring soft skills
communication, which employers look for after
graduation [9]. Rubrics help students understand what

such as teamwork and

is expected of them and show them how to reach the
skills they want by giving clear standards [9].

3 Materials and Methods

3.1 System Design

EVALLOS is designed as a data-driven platform that
collects assessment records, outcome mappings, and
rubric-based evaluations to compute CLO and PLO
attainment indicators. The overall platform architecture
and Al-driven reporting pipeline are described in detail
in [3]. Here, we summarize the components necessary
to operationalize accreditation-oriented indicators and
to support program-level quality assurance analysis.
Input requirements: In order to assess student
performance and determine if the CLOs have been
achieved, data must be collected on grade distribution,
including the number of participants and student scores.
These provide an opportunity to take a closer look at
performance across courses and form the basis for
determining the extent to which the CLOs have been
achieved. Furthermore, it is important to establish
specific objectives for PLOs and CLOs. The objectives
establish a basis against which performance or
achievements are measured and guide efforts towards
improvement.

3.2 Applying Bloom’s Taxonomy for Evaluation

In EVALLOS, Bloom’s Taxonomy is used as a
structural basis for designing assessment rubrics. Each
assessment item is associated with rubric levels that
reflect different cognitive complexity levels, allowing
the system to distinguish between lower-order and
higher-order learning outcomes. These rubric levels are
stored together with item scores and are used to support
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threshold-based attainment evaluation at both the CLO
and PLO levels [10, 11].

3.3 CLO attainment workflow

After defining the overall system architecture and the
set of CLOs for each course based on Bloom’s
taxonomy, EVALLOS performs a structured workflow
to compute CLO attainment indicators from raw
assessment data.

For each course, instructors first create a bank of
assessment items, such as exam questions, quizzes,
assignments or project components. Each item is
associated with one or more CLOs through a binary or
weighted mapping. In the binary case, a value of 1
indicates that an item contributes to a given CLOs and
0 otherwise. In the weighted case, instructors can
specify different contribution weights when an item is
designed to address multiple CLOs with different
levels of emphasis.

Let Q ={q1,93, ---, @m } denote the set of assessment
items and C = {cy, ¢3, ..., C Jthe set of CLOs of a course.
The item to CLO mapping is represented by a matrix M €
R™*" where M; jis the contribution weight of item g;to
CLO ¢;. In the simplest case, M;; € {0,1}.

For each student attempt on an item, EVALLOS stores
the awarded score together with the maximum possible
score and the rubric level that characterizes the quality
of the answer. Based on these records, the platform
computes item level indicators such as:

- The average score and standard deviation

- The proportion of students who achieve at least a
given percentage of the maximum score

- The distribution of rubric levels reached by the cohort
These indicators are then propagated from items to
CLOs using the mapping matrix. A typical aggregation
function for CLOs cjcan be written as

m
_ Myj-s
AC]' = Tnl_l ’
Mlj . Slmax

i=1
where s;and s;"*denote the average obtained score and
the maximum possible score of item g;, respectively. This
expression yields a normalized attainment value in the
interval [0» 1]or [0’ 100]when expressed as a percentage.
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In practice, institutions may prefer to work with rubric
based thresholds instead of raw percentages. Therefore,
EVALLOS allows administrators to define a set of
attainment levels such as “not attained”, “partially
attained”, “attained” and “exceeded”. Each level
corresponds to a score range or to a combination of
After
attainment value for each CLO, the platform assigns
the appropriate attainment level according to these
thresholds.

The resulting CLO indicators are visualized in multiple

rubric levels. computing the normalized

ways. At the class level, instructors can inspect bar
charts and tables that show, for each CLO, the
percentage of students who surpass the minimum
acceptable level, as well as the distribution of rubric
levels. At the course level, coordinators can compare
CLO attainment across different class sections and
semesters. These visualizations help identify CLOs that
consistently underperform and may require revision of
teaching activities,
descriptors.

assessment design or rubric

The overall logic of this CLO attainment workflow is
consistent with our previous conference work on
EVALLOS,
calculations and examples using a smaller dataset. In

in which we introduced the basic
the present article, this workflow serves as the
foundation for higher level analyses at the PLO and
accreditation level.

34 PLO aggregation and accreditation-oriented
indicators

The main methodological extension in this article lies
in the way EVALLOS aggregates CLOs results to
estimate PLO attainment at the program level and in
how it transforms these results into indicators that are
directly usable for accreditation and quality assurance.
Each program specifies a set of PLOs that describe the
expected competencies of graduates. For every course
in the curriculum, course coordinators define how the
course CLOs contribute to these PLOs through a
CLOs-PLOs mapping matrix. Let P =
{p1, P2, ., Px } denote the set of PLOs and A®LO the
vector of CLO attainment values for a given course.
The CLOs-PLOs mapping is encoded in a weight
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matrix W € R™¥, where Wjiindicates the degree to
which CLO c;jcontributes to PLO py.
For each course, EVALLOS computes a course level
contribution to PLO attainment as

Alguise = g(Ao, W),

where g(+)is an aggregation function configured by the

program. A common choice is a weighted average
n

M/jk 'AC]'

j=1
T —n_
D Wi
Jj=1

which intuitively states that the attainment of a PLO is

PLO
Acourse,pk -

a weighted combination of the attainment of the CLOs
that contribute to it. Other schemes such as taking the
minimum of contributing CLOs or combining rubric
based categories are also supported to match
institutional policies.

At the program level, the platform aggregates the
contributions of all relevant courses. Depending on the
institution, this can be done per cohort, per intake or
across multiple intakes. If C; denotes the set of courses
that contribute to PLO py, a simple aggregation across
courses can be expressed as

PLO — PLO
Aprogram,pk - h({Acourse,pk | course € Ck})'

where h(:) is an aggregation function such as an
average weighted by enrolment size. This computation
yields program level PLO attainment indicators that
can be compared with institutional targets.

To make these indicators meaningful for accreditation,
EVALLOS organizes them into dashboards that mirror
key questions of frameworks such as ABET, AUN-QA
and FIBAA. For each PLO, the platform provides:

- Current attainment values and attainment level
according to predefined thresholds

- Trend lines across several recent cohorts to support
continuous improvement evidence

- The list of courses and CLOs that contribute to the
PLO, with their individual attainment values

- Counts of improvement actions that were triggered by
low PLO attainment and their follow up status

These elements allow program committees to see not
only whether a PLO is attained, but also how robust this

attainment is over time and which parts of the
curriculum are responsible for strengths or weaknesses.
In addition, EVALLOS generates ready-to-use tables
and figures that can be inserted into self evaluation
reports. For example, a program can export a summary
table that shows, for each PLO, the attainment value of
the last three cohorts, the threshold used to judge
acceptability, and the main actions taken when
attainment fell below the target.

By integrating course level CLO attainment, program
level PLO aggregation and accreditation-oriented
indicators into a single workflow, the methodology
implemented in EVALLOS closes the gap between
classroom assessment and institutional quality
assurance. It enables stakeholders at different levels,
from instructors to program coordinators and quality
assurance units, to rely on a common data
infrastructure and a shared set of indicators when
making decisions about curriculum design, teaching

improvement and external accreditation.
4 Results

EVALLOS supports CLO assessment through the
Exam Teams Management Interface, where instructors
(e.g.
presentations) and link each question to CLOs using a

organize  assessments midterms, finals,

Question-to-CLO mapping matrix. The system
CLO

attainment rates using standard formulas, enabling

aggregates student results and computes
comparison across exam teams to identify strengths
and weaknesses. As shown in Table 1, all three CLOs
in Assessment Group A met the predefined attainment
threshold, with an average score of 20/33 (60.6%).
MCQ5 exhibited the highest attainment (88.9%), while
MCQ2 showed the

indicating a potential misalignment between the

lowest attainment (31.2%),

assessment item and the targeted CLO.
Table 1 Assessment results for CLOs in Assessment
Group A

Item Related CLO | Attainment (%)
MCQIl CLOl1 60.4
MCQ2 CLO2 31.2
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MCQ3 CLO2 61.8
MCQ4 CLO3 72.6
MCQ5 CLO3 88.9
Overall

(CLO1-CLO3) — 60.6

Note: Attainment (%) is calculated as the ratio between
the average obtained score and the maximum possible
score. The predefined attainment threshold is 60%.

At the course level, EVALLOS tracks CLO attainment
across multiple class sections and semesters. Through
the Courses Management Interface, instructors can
manage courses and generate CLO reports showing
average CLO scores, attainment percentages, and trend
charts, with exports available for further analysis (e.g.,
Excel). Table 2 summarizes CLO attainment across
semesters for the selected course. CLO1 achieved the
highest average attainment (76.16%), while CLO2 and
CLO3 reached similar levels (75.15%). The results
indicate consistent attainment across semesters, with
all CLOs meeting the institutional threshold (Pass).
Table 2 CLO attainment across semesters for the
selected course (%)

Semester CLO1 CLO2 CLO3
2023-1 75.1 74.6 74.7
2023-2 76 75 75.1
2024-1 76.8 75.6 75.5
2024-2 76.74 75.4 75.3

Average 76.16 75.15 75.15

Note: All CLOs meet the institutional attainment
threshold (e.g.,

60%). Values are reported as

attainment percentages.

The CLOs-PLOs Mapping tool on the EVALLOS
platform ensures that each Course Learning Outcome
contributes effectively to the Program Learning
Outcomes. As shown in Table 3, the CLOs—PLOs
mapping matrix specifies how each CLO contributes to
the program PLOs. CLOI1 contributes to PLO1 and
PLO2, while CLO2 supports PLO2 and PLO3. This
matrix helps program teams identify which CLOs and
courses are most critical for each PLO and pinpoint
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areas that may require additional instructional support
to strengthen PLO attainment.
Table 3 CLOs—PLOs mapping matrix for the program

CLO PLO1 PLO2 PLO3
CLOl v v
CLO2 v v
CLO3 v v
Note: A check mark (V) indicates that the

corresponding CLO contributes to the PLO.
EVALLOS evaluates program level PLO attainment by
aggregating CLO results across relevant courses and
calculating attainment percentages for each PLO. The
Program PLO Assessment Results interface then
presents these outcomes in tables over semesters/years,
helping program coordinators track trends and identify
PLOs that decline, which may signal the need to review
and revise related courses.

4 Discussion

Findings from the implementation of the EVALLOS
system are consistent with existing work on outcome
based education and quality assurance. The automation
of CLOs-PLOs linkage not only increases transparency
but also encourages more active engagement from
faculty members, which aligns with previous studies on
the value of dashboard based assessment for
monitoring performance.

The use of Bloom’s Taxonomy in the assessment
rubrics brings clearer evidence of students’ intellectual
skill
emphasized higher

development. In particular, courses that

order categories such as
“Analyze/Evaluate” and “Create” showed noticeably
higher PLO attainment, which is in line with earlier
research on the benefits of Bloom-based rubrics for
validity and reliability.

The automated aggregation of multi-class CLO results
also supports prior claims that systematic question,
outcome mapping enhances confidence in mastery
levels compared with ad hoc assessment. In the
EVALLOS reported that

curriculum adjustments became “more focused” when

trial, program chairs

guided by these analytics rather than raw grades.
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When viewed through the lens of international
accreditation frameworks, the role of EVALLOS
becomes even more apparent. Stakeholders are more
engaged and evaluations more data driven, with
stakeholder feedback indicating a higher level of active
participation among quality staff and faculty.
Automated alerts for declining PLO attainment help
trigger timely teaching adjustments, while the
combination of quantitative indicators and reflective
analysis supports a holistic view of program quality.
Overall, the reduction in administrative burden and the
support for constructive alignment enable educators to
spend less time on reporting tasks and more on
designing learning experiences. A platform like
EVALLOS, grounded in a comprehensive taxonomy
and aligned with accreditation requirements, can
contribute to a culture of continuous improvement in
higher education. Future work will extend the system
to incorporate qualitative artefacts such as portfolios
and direct observations, in order to strengthen its
diagnostic capabilities in the affective and cognitive
domains.

5 Conclusion

This study has presented EVALLOS as a platform for
systematically aggregating course-level assessment
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Nén tang ning cao mirc do dat chuin dau ra chwong trinh dao tao
va thic day dam bao chat lwong dao tao
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Tém tit Nghién ctru nay trinh bay EVALLOS, mét nén tang toan dién hd trg danh gia muc d6 dat dwoc Chuén
dau ra chuong trinh dao tao (Program Learning Outcomes — PLOs) va ting cudng cong tac dam bao chét luong
hoc thuét trong gido duc dai hoc. Nén tang trién khai mot quy trinh phén tich hoc tip nhiéu ting, trong d6 cac muc
danh gia duoc anh xa toi Chudn dau ra hoc phan (Course Learning Outcomes — CLOs), két qua CLOs duoc tong
hop gitra cac 16p va cac hoc phﬁn, tir d6 tinh toan céc chi sé mac do dat PLOs & cép chuong trinh. Cac rubric dua
trén thang phan loai Bloom dugc str dung nhdm ghi nhan ca k¥ ning nhan thic bic thip va bac cao, trong khi ma
tran lién két CLO-PLO cho phép tong hop két qua hoc phan 1én cip chuwong trinh mot cach c6 hé thdng. Nghién
clru nay tap trung vao thiét ké va van hanh céc chi sb hudng toi kiém dinh, nham hd trg dam bao chit luong dya
trén minh chimg va thuc day cai tién lién tuc, phu hop véi cac khung chudn quéc t& nhu ABET, AUN-QA va
FIBAA. Hé théng da dugc trién khai tai mot truong dai hoc ¢ Viét Nam, véi két qua cho théy tinh minh bach trong
danh gia chuén dau ra duoc cai thién, déng thoi cac hoat dong diéu chinh chuong trinh dao tao tré nén tap trung va
hiéu quéa hon, dwa trén cac phan tich & cip chuong trinh va phan hdi cia cac bén lién quan. Bai bio ndy mé rong
phién ban hoi nghi va tap chi trudc d6 bang cach nhdn manh phan tich & cdp PLOs chuong trinh va cac bao cao
hudng téi kiém dinh chat lugng.

Tir khéa Phan tich dir li€u hoc tap, Giao duc dua trén Kkét qua, Ma tran lién két CLOs-PLOs
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