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ABSTRACT: Licensure examination results are commonly summarized through passing rates, yet such summaries do not
distinguish routine variation from unusual process signals. This study applied exploratory Statistical Quality Control to the
Licensure Examination for Teachers ratings of Bachelor of Secondary Education Mathematics and Science graduates of the
University of Science and Technology of Southern Philippines during the March and September administrations of 2023 and
2024. The institutional records comprised 183 examinees organized into eight program-period subgroups (h=4-38). Because
subgroup sizes were unequal and the two programs represent different academic processes, program-specific X-bar and S
charts were constructed using weighted program means and pooled within-subgroup standard deviations. Three-sigma limits
were adjusted for each subgroup size. The Science process had a weighted mean of 85.03 and a pooled standard deviation of
3.61; the March 2024 mean (82.75) was below its lower control limit (83.17). The Mathematics process had a weighted mean
of 84.37 and a pooled standard deviation of 3.41; the September 2023 mean (81.46) was below its lower control limit (82.03).
All subgroup standard deviations were within their corresponding S-chart limits. The results indicate two program-specific
episodes of possible special-cause variation in average performance, while within-cohort dispersion remained statistically
consistent. The charts are exploratory because only four periods were available per program; they identify periods for
institutional review but do not establish causes. Continued monitoring using additional examination periods, cohort-level
predictors, and verified root-cause analysis is recommended.
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Assurance

INTRODUCTION

Professional teacher licensure is a legal requirement in the
Philippines under Republic Act No. 9293 [1]. Consequently,
performance in the Licensure Examination for Teachers
(LET) is widely used as an institutional indicator of graduate
preparedness, even though licensure scores alone do not
represent the full range of competencies required for effective
teaching. A national study found that LET outcomes vary
across programs, examination schedules, and regions,
reinforcing the need for institution-level interpretation rather
than reliance on a single percentage [2].

Philippine studies have associated LET performance with
collegiate achievement, pre-board results, and performance in
professional and specialization courses [3,4]. These findings
support curriculum alignment, diagnostic assessment, and
structured review programs. However, conventional
summaries such as means and passing percentages provide
limited information about whether changes between cohorts
are expected or whether a particular period warrants
investigation.

Statistical process control (SPC), also referred to in this paper
as Statistical Quality Control (SQC), provides a framework
for separating common-cause variation from signals that may
represent special causes. A previous USTP study used a p-
chart to examine pass-fail outcomes in LET components [5],
while recent higher-education research demonstrated that
SPC can produce different and more actionable
interpretations than traditional performance reporting [6]. The
X-bar chart monitors subgroup means, whereas the S-chart
monitors  within-subgroup  dispersion  [7,8].  Their
interpretation must nevertheless respect assumptions about

rational subgrouping, stable measurement, and adequate
baseline data [9].

The available institutional dataset contained results for
both BSEd Mathematics and BSEd Science. Because these
programs have distinct specializations and potentially
different performance baselines, the analysis treated them as
separate processes. The study aimed to: (1) describe subgroup
means and variability across four LET administrations; (2)
identify program-period means or standard deviations outside
subgroup-specific control limits; and (3) derive cautious
quality-assurance implications from the observed process
behavior.

MATERIALS AND METHODS

Research design and data source

A descriptive quantitative design with exploratory SPC
analysis was used. De-identified secondary records were
obtained from the Office of the Dean, College of Science and
Technology Education, USTP. The dataset covered BSEd
Science and BSEd Mathematics graduates who took the
March and September LET administrations in 2023 and 2024.
The eight program-period subgroups contained 183
examinees, with subgroup sizes ranging from 4 to 38.
Individual ratings were summarized by subgroup size,
subgroup mean, and subgroup standard deviation. No
personally identifying information was reported.

Rational subgrouping

Mathematics and Science were not pooled into a single
control process because the programs differ in content
specialization and may have different performance baselines.
Each program was therefore evaluated using its own process
center and pooled within-subgroup variability. Examination
period was treated as the subgrouping factor. This decision
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improves alignment between the statistical model and the
educational processes being monitored.

CONTROL-LIMIT ESTIMATION

For each program, the mean-chart center was estimated as the
examinee-weighted average of the four subgroup means. The
within-program process standard deviation was estimated by
pooling the four subgroup variances with degrees-of-freedom
weighting. Each subgroup's mean-chart limits equaled the
weighted center plus or minus three pooled standard errors,
where the standard error was the pooled standard deviation
divided by the square root of that subgroup's size. This
formulation directly accommodates unequal subgroup sizes.
For the S-chart, subgroup-specific center lines and three-
sigma limits were derived from the normal-theory c4 bias-
correction constant for each subgroup size and the pooled
program standard deviation [7]. A point beyond its
corresponding limit was classified as an exploratory special-
cause signal. Because only four subgroups were available per
program, supplementary run rules were not applied, and all
control limits were treated as provisional rather than as a
mature operational baseline.

Data interpretation

Control-chart signals were interpreted as prompts for
investigation, not as proof of a causal problem. Potential
explanatory factors such as curriculum implementation,
cohort preparation, attendance in review activities, and
examination-specific conditions were not measured in the
available dataset. Therefore, no causal tests were performed.

RESULTS

BSEd Science

The BSEd Science process had a weighted center of 85.03
and a pooled within-subgroup standard deviation of 3.61. The
March 2024 subgroup mean of 82.75 was below its subgroup-
specific lower control limit of 83.17, indicating a possible
special-cause decline in average performance. September
2024 produced the highest mean (87.80) but remained just
within its upper limit (87.93). All four subgroup standard
deviations were inside their S-chart limits.

Table 1. Program-period statistics and control-chart classifications
for BSEd Science

Period n (LC'\C?ETCL) (LCL?UCL) Interpretation
March 2023 17 (szjflg;ee) (1.2'51-2?45) Heontol
Sep.2023 36 (83.2%2.84) (2.25?1?87) Meir:’s;g's "
March 2024 34 (83.?5;;2.89) (2.3'52.9591) Megnirt: T:Ic?r\:zrtlcu
Sep.2024 14 (82.?12(7).93) (1.42‘-52-364) e

BSEd Mathematics

The BSEd Mathematics process had a weighted center of
84.37 and a pooled within-subgroup standard deviation of
3.41. The September 2023 mean of 81.46 was below its lower
control limit of 82.03. The remaining subgroup means were
within their limits. September 2024 had only four examinees,
producing a wide X-bar interval (79.26-89.48) and an S-chart
lower limit of zero; its in-control classification should
therefore be interpreted cautiously. All Mathematics
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subgroup standard deviations remained within their S-chart
limits.
Table 2. Program-period statistics and control-chart classifications
for BSEd Mathematics

: Mean S .
Period n (LCL-UCL) (LCL-UCL) Interpretation
84.55 3.302 Mean and S in
March2023 21 (g9 14.8660)  (1.76-4.97) control
81.46 4.478 Mean below LCL;
Sep. 2023 19 (82038672)  (1.67-5.05) S in control
85.58 2.811 Mean and S in
March2024 38 (g 75.86.03)  (2.20-4.57) control
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Figure 1. Program-specific X-bar charts with subgroup-size-
adjusted limits.

Science: S-chart

Standard deviation

Subgroup §  +ve-- ucL

Center line  «++-+ LcL
T T T T
Mar Sep Mar Sep

2023 2023

Mathematics: S-chart

7 - =@~ Subgroup S cassl YL
Center line  ---- LcL

Standard deviation
w b

July-August



Sci.Int.(Lahore),38(4),113-116,2026

Figure 2. Program-specific S-charts with subgroup-size-adjusted
center lines and limits.

DISCUSSION

Special-cause signals in the process mean

Two mean-chart signals were identified: BSEd Science in
March 2024 and BSEd Mathematics in September 2023.
These periods should be examined for assignable conditions
that were different from the surrounding cohorts. Plausible
lines of inquiry include subject-area performance, academic
standing before graduation, review-program participation,
faculty or curricular changes, and the balance of first-time
takers and repeaters. Prior Philippine studies show that
academic achievement and performance in professional and
specialization courses are associated with LET outcomes
[3,4,10]. Those associations provide hypotheses for follow-
up, but the present control charts cannot determine which
factor caused either signal.

The decision to analyze the programs separately was
consequential. Pooling Mathematics and Science into one
center assumes a common process and may distort limits
when program baselines differ. Program-specific monitoring
is more useful for curricular decision-making because it links
the signal to the academic unit that can investigate and
respond.

Stability of within-cohort variation

No S-chart point exceeded its subgroup-specific limits.
Thus, the observed within-cohort dispersion was statistically
compatible with the estimated program processes. This does
not mean that variability was identical across periods; rather,
the differences were not sufficiently large to exceed the
expected range after accounting for subgroup size. The
September 2024 Mathematics subgroup illustrates why
unequal-n limits matter: with n=4, uncertainty is high and the
chart is less sensitive to a genuine shift.

Implications for quality assurance

Quality assurance in higher education concerns fitness for
purpose, accountability, and continuous improvement
[11,12]. In this context, control charts can complement, but
should not replace, national passing-rate comparisons, item-
level analyses, curriculum reviews, and student-support data.
The practical contribution of SPC is its discipline: institutions
respond differently to a point consistent with routine variation
than to a point that crosses a statistically derived limit. Gessa
et al. [6] likewise showed that SPC can reveal patterns that
traditional academic performance summaries may not show.

For operational use, the College should maintain a
longitudinal LET database with program, examination date,
first-time/repeater status, component scores, academic
averages, pre-board results, and review attendance. After a
signaled period is investigated, a verified special cause may
be excluded from a revised Phase | baseline; otherwise, it
remains part of the system to be improved. Interventions
should be evaluated prospectively rather than inferred from a
single subsequent cohort.

Limitations

The analysis covered one institution, two programs, and
only four examination periods per program. This small
number of subgroups makes the estimated centers and limits
provisional. The calculations were based on the subgroup
summaries reported in the manuscript; independent
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verification against the underlying individual-level dataset is
necessary before submission or institutional action. The study
did not include national benchmarks, component-level LET
ratings, first-time-taker status, or explanatory variables.
Moreover, control-chart limits were estimated from all four
periods, including the signaled observations, which can
widen the limits and reduce sensitivity. These constraints
preclude causal conclusions and broad generalization.

CONCLUSION

Program-specific, unequal-subgroup-size X-bar and S-chart
analysis identified two periods that warrant institutional
review. The March 2024 BSEd Science mean and the
September 2023 BSEd Mathematics mean fell below their
respective lower control limits, while all subgroup standard
deviations remained within their S-chart limits. The results
suggest isolated changes in average performance rather than
unusual changes in within-cohort dispersion. Because the
baseline contains only four periods per program, the charts
should be considered exploratory. Continued data collection,
verification of raw scores, and structured root-cause
investigation are necessary before the limits are adopted for
routine quality monitoring.
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