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ABSTRACT- This retrospective program-level study evaluated engineering licensure examination performance through an 
integrated statistical quality-control framework. Aggregated institutional records covered 1,069 examinees from Civil 
Engineering, Electrical Engineering, and Mechanical Engineering across 17 available examination periods from 2022 to 
2025. Non-passers were treated as non-conforming outcomes. Variable-subgroup p-charts assessed statistical stability, while 
an attribute capability assessment compared each program's pooled non-conformance rate with a predefined 40% institutional 
action threshold. A literature-informed Ishikawa diagram organized probable causes for subsequent validation. Civil 
Engineering was statistically stable but not capable: 346 of 701 examinees did not pass (49.36%), and no point exceeded its 
control limits. Electrical Engineering was capable overall (25 of 153; 16.34%) but not fully stable because April 2022 and 
August 2024 exceeded their upper control limits. Mechanical Engineering showed the strongest overall performance (28 of 
215; 13.02%; yield = 86.98%), although the August 2023 subgroup contained only one examinee and therefore had limited 
interpretive value. The findings demonstrate that passing percentage alone cannot distinguish predictable underperformance 
from isolated special-cause variation. Combining p-charts, threshold-based attribute capability assessment, and structured 
root-cause mapping provides a more actionable basis for program review. Capability classifications remain conditional on the 
selected institutional threshold, and the proposed Ishikawa causes require validation using cohort records, interviews, and 
subject-level performance data. 
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1. INTRODUCTION 
Licensure examination results are among the most visible 

indicators of professional-program outcomes. They influence 

curriculum review, student-support planning, public 

accountability, and stakeholder judgments about graduate 

readiness. Yet institutional reports commonly summarize 

performance only as passing percentages. A single percentage 

cannot show whether an observed result reflects routine 

variation, an isolated disturbance, or a persistently inadequate 

process level. 

Contemporary quality-assurance research therefore favors 

multidimensional and evidence-based evaluation. Educational 

quality is shaped by interacting instructional, institutional, 

learner, and resource conditions [1], while higher-education 

quality assurance increasingly emphasizes systematic 

evaluation and improvement rather than compliance alone 

[2]. Statistical process control (SPC) extends this logic by 

examining performance as a process observed repeatedly 

over time. Educational applications have shown that control 

charts can identify unusual periods that ordinary summaries 

may conceal [3-5]. 

A p-chart is appropriate when outcomes are binary and 

subgroup sizes vary. In the present context, each examinee 

was classified as conforming (passed) or non-conforming 

(did not pass), and each examination period formed a 

subgroup. The chart estimates a pooled non-conformance rate 

and subgroup-specific three-sigma limits, thereby separating 

common-cause variation from potential special-cause signals 

[6-9]. However, statistical stability is not equivalent to 

acceptable performance. A program may be stable at an 

undesirable non-conformance level, or it may have a 

favorable overall rate while containing isolated unstable 

periods. 

Attribute capability assessment addresses this distinction by 

comparing observed non-conformance with a defined 

requirement. Capability concepts link process performance to 

specifications, yield, and non-conformities [10-12]. For 

binary educational outcomes, the comparison must be 

interpreted cautiously because standard Cp and Cpk indices 

are designed for continuous measurements. This study 

therefore uses a threshold-based attribute assessment and 

explicitly labels its capability ratio as a study-defined 

comparison rather than a conventional process capability 

index. 

Statistical signals also require diagnostic follow-up. Fishbone 

or Ishikawa diagrams organize plausible causes into 

categories and support systematic investigation [13-16]. They 

do not establish causality, but they help translate an abstract 

signal into evidence to be collected from learners, faculty, 

program records, instructional materials, and data systems. 

The study integrated these three functions-stability 

monitoring, threshold-based capability assessment, and root-

cause mapping-to evaluate Civil Engineering, Electrical 

Engineering, and Mechanical Engineering licensure 

examination performance. It aimed to determine each 

program's pooled non-conformance rate, identify p-chart 

signals, classify capability relative to a 40% institutional 

action threshold, and specify evidence priorities for 

continuous improvement. 

 

METHODOLOGY 
Research design and data source 

A retrospective descriptive-evaluative design was used. The 

dataset consisted of all available aggregated institutional 

licensure records for the three engineering programs from 

2022 to 2025. For every examination period, the records 

reported the total number of takers, passers, and non-passers. 
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The analysis included five Civil Engineering periods, six 

Electrical Engineering periods, and six Mechanical 

Engineering periods. Individual names, student numbers, and 

other personal identifiers were neither required nor reported. 

Each examination period was treated as a subgroup. The total 

number of takers was denoted by n(i), the number of non-

passers by d(i), and the subgroup non-conformance 

proportion by p(i) = d(i)/n(i). The pooled center line for each 

program was calculated as p-bar = sum[d(i)]/sum[n(i)]. 

P-chart analysis 

Subgroup sizes differed, the upper and lower control limits 

were computed separately for each period: UCL(i) = p-bar + 

3{p-bar(1-p-bar)/n(i)}^(1/2) and LCL(i) = max[0, p-bar - 

3{p-bar(1-p-bar)/n(i)}^(1/2)]. A point above the UCL was 

interpreted as an unfavorable special-cause signal requiring 

investigation.  

Threshold-based attribute capability assessment 

Program-level attribute performance was summarized using 

pooled non-conformance, yield (1 - p-bar), non-conforming 

outcomes per million observations (p-bar x 1,000,000), 

Z.Bench = Phi^(-1)(yield), and an illustrative long-term 

sigma conversion (Z.Bench + 1.5). A study-defined threshold 

performance ratio was calculated as TPR = 0.40/p-bar. TPR 

values above 1.00 indicate that the observed non-

conformance rate is below the 40% action threshold. These 

metrics are descriptive transformations of binary outcomes; 

TPR is not Cp, Cpk, Pp, or Ppk. A program was classified as 

capable only in relation to the predefined threshold. 

Ishikawa analysis 

The effect placed at the head of the Ishikawa diagram was 

high or unstable non-conformance in engineering licensure 

performance. Probable causes were organized under learner 

preparedness, instructional process, program/system, faculty 

and support, materials and resources, and measurement/data. 

The categories were derived from the statistical patterns and 

quality-improvement literature.  

 

3. RESULTS AND DISCUSSION 
Overall program conditions 

The three programs represented distinct quality conditions 

(Table 1). Civil Engineering had the largest number of 

examinees and the highest pooled non-conformance rate. 

Electrical Engineering had a comparatively low pooled rate 

but two above-UCL periods. Mechanical Engineering had the 

lowest pooled rate and no above-UCL points, although one 

subgroup contained only one examinee. 

Table 1: Overall p-chart and threshold-based attribute 

capability summary 

Program 

Ta

ker

s 

Non-

passer

s 

p-bar Yield Signals 
TP

R 

Quality 

condition 

Civil 

Engineering 
701 346 49.36% 50.64% 0 

0.8

1 

Stable; not 

capable 

Electrical 

Engineering 
153 25 16.34% 83.66% 2 

2.4

5 

Capable; 

unstable 

Mechanical 

Engineering 
215 28 13.02% 86.98% 0 

3.0

7 

Capable; 

mostly 

stable 

 

Figure 1. Variable-subgroup p-chart for Civil Engineering. 

Civil Engineering recorded 346 non-passers among 701 
examinees (49.36%). All five points remained within their 
subgroup-specific limits, including the highest observed rate 
in May 2025 (57.34%). The chart therefore suggests 
common-cause variation around a consistently high center. 
Because the pooled rate exceeded the 40% threshold (TPR = 
0.81), the program is stable but not capable. The priority is 
not to search for a single anomalous cohort but to review 
recurring system conditions, including curriculum alignment, 
competency remediation, mock-board preparation, review 
attendance, and student readiness. 

 

Figure 2. Variable-subgroup p-chart for Electrical Engineering. 

Electrical Engineering recorded 25 non-passers among 153 
examinees (16.34%), corresponding to a yield of 83.66% and 
TPR of 2.45. April 2022 (42.86%) and August 2024 
(80.00%) exceeded their respective UCLs. The program is 
therefore capable in the threshold sense but not fully stable. 
The August 2024 subgroup contained only five examinees, so 
the signal should be investigated without overgeneralization. 
Useful evidence includes cohort composition, subject-level 
scores, review implementation logs, attendance, faculty 
assignments, and any changes in examination or reporting 
practice. 
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Figure 3. Variable-subgroup p-chart for Mechanical 
Engineering. 

Mechanical Engineering recorded 28 non-passers among 215 
examinees (13.02%), the lowest pooled rate and the highest 
yield (86.98%) among the programs. Its TPR of 3.07 
indicates the largest margin below the action threshold. No 
point exceeded the UCL. Nevertheless, August 2023 
produced 100% non-conformance because the subgroup 
consisted of only one examinee. The corresponding UCL was 
extremely wide, illustrating how very small n can make a p-
chart mathematically valid but practically uninformative. 
Continued monitoring should therefore include a minimum-

subgroup interpretation rule and rolling aggregation when 
cohorts are exceptionally small. 

Attribute performance interpretation 

The attribute indicators reinforced the distinction between 
stability and adequacy. Civil Engineering had an estimated 
Z.Bench of 0.02 and illustrative long-term sigma level of 
1.52, whereas Electrical Engineering had 0.98 and 2.48, and 
Mechanical Engineering had 1.13 and 2.63, respectively.  

The threshold itself is consequential. A 40% non-
conformance action level classifies Electrical and Mechanical 
Engineering as capable and Civil Engineering as not capable, 
but another evidence-based threshold could change these 
classifications. Future institutional use should justify the 
threshold through policy, historical performance, 
accreditation expectations, or comparison with national and 
peer-institution benchmarks. Statistical control limits and 
performance thresholds answer different questions and should 
not be substituted for one another. 

Ishikawa-guided diagnostic priorities 

Figure 4 converts the statistical findings into an 
investigation structure. The diagram does not claim that the 
listed factors caused failure. Rather, it identifies categories 
under which the institution can collect evidence. The 
program-specific logic is straightforward: stable but high 
non-conformance points toward recurring system and 
instructional conditions; isolated above-UCL points point 
toward period-specific changes; and very small subgroups 
point toward data-quality and interpretation safeguards. 

 
Figure 4. Ishikawa diagram of probable causes requiring validation. 
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Table 2: Program-specific diagnostic focus and evidence for validation 

Program Statistical condition Primary diagnostic focus Suggested evidence 

Civil Engineering Stable but above threshold Program/system; instructional 

process; learner preparedness 
Curriculum mapping; subject-level board ratings; 

mock-board results; review attendance; remediation 

records; faculty and student interviews. 

Electrical Engineering Below threshold with two 

above-UCL periods 
Period-specific instructional, 

cohort, support, and data 

factors 

Cohort profiles; class-size notes; faculty assignments; 

review logs; attendance; changes in exam preparation 

or data coding. 

Mechanical Engineering Below threshold and mostly 

stable; one n = 1 subgroup 
Measurement/data quality and 

monitoring rules 
Minimum-subgroup rule; rolling aggregation; source-

record validation; continued Phase II monitoring. 

LIMITATIONS 
The analysis was limited to one institution, three programs, 

and 17 examination periods. Each program had only five or 

six subgroups, so the estimated control limits are provisional 

and sensitive to the available cohorts. Subgroup sizes were 

unequal, and one Mechanical Engineering period had n = 1. 

The study used aggregated results and therefore could not 

examine first-time-taker status, academic history, subject-

level board ratings, review attendance, demographic factors, 

or other predictors. The 40% threshold was an institutional 

action value rather than a national specification. Finally, the 

Ishikawa categories were not empirically validated and 

cannot support causal conclusions. 

CONCLUSION AND RECOMMENDATIONS 
Engineering licensure performance is more informative when 

evaluated as a repeated quality process rather than as a 

sequence of isolated passing percentages. The combined 

framework distinguished three conditions: Civil Engineering 

was stable but not capable relative to the 40% action 

threshold; Electrical Engineering was capable overall but 

unstable because of two special-cause signals; and 

Mechanical Engineering was capable and mostly stable but 

contained one practically uninterpretable one-person 

subgroup. 

The institution should use program-specific responses. Civil 

Engineering requires sustained system-level improvement 

rather than a one-period corrective action. Electrical 

Engineering requires targeted investigation of April 2022 and 

August 2024 before its favorable pooled capability is treated 

as dependable. Mechanical Engineering should preserve 

effective practices while strengthening small-cohort 

interpretation and data validation. Across programs, the 

institution should establish a verified Phase I baseline, freeze 

the limits for prospective Phase II monitoring, and re-baseline 

only after documented process change. 

Future analyses may incorporate national passing rates, 

institutional targets, first-time and repeat examinee status, 

subject-level ratings, academic records, and review-program 

participation. Interviews and document analysis should be 

used to validate the Ishikawa hypotheses. A Plan-Do-Check-

Act cycle can then connect each examination result to 

targeted intervention, prospective monitoring, and evidence-

based standardization. 

DATA AND ETHICAL STATEMENT 
The study analyzed aggregated, de-identified institutional 

records and involved no direct interaction with individual 

examinees. Names, student numbers, and other personally 

identifiable information were not included in the analytical 

dataset or reported in the manuscript. 
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