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Abstract

This study analyzed the prevalence, causes,
and effects of variation orders (VOs) on
completed infrastructure  projects  at
Camarines Norte State College (CNSC)
from 2021 to 2024. Employing a mixed-
methods design that integrated descriptive
analysis with simple linear regression, the
study examined a census of sixteen (16)
General Appropriations Act (GAA)-funded
projects drawn from the Physical Plant
Division (PPD) and Commission on Audit
(COA) records. Results yielded 23 approved
VOs with 61 documented causes, the most
prevalent being alignment to actual field
conditions (27.87%), changes in contract
quantities (24.59%), reclassification of work
items (22.95%), and introduction of new
work items (19.67%). Simple linear
regression revealed that each additional VO
predicted an average cost increase of
P271,798.07 (R? = 0.484, Adj. R2=0.417, F
= 14.058, p = 0.002, 95% CI [P117,285.90,
P426,310.23]) and an average schedule
extension of 31.83 days (R? = 0.747, Adj. R?
= 0.681, F = 44.376, p < 0.001, 95% CI
[21.645, 42.014]). Although all projects
complied with the 10% cost variation ceiling
under Republic Act No. 9184, 87.5%
experienced schedule delays averaging 51
days. Findings underscore the need for
enhanced preconstruction planning,
streamlined approval procedures, and digital
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monitoring tools to improve project
performance in state universities and
colleges.
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Variance; Republic Act 9184; Infrastructure
Management

1. Introduction

Infrastructure development is critical to
national  progress and institutional
sustainability.  Large-scale  construction
projects, however, are rarely executed
exactly as planned. They often encounter
design changes, unforeseen site conditions,
and client-driven  modifications  that
necessitate formal contract adjustments,
commonly referred to as variation orders
(VOs). When poorly managed, VOs lead to
cost overruns, schedule delays, and
diminished project quality—outcomes that
are particularly consequential in resource-
constrained public institutions (Amzafi et
al., 2024; Shugran & Ghazali, 2024).

In developing countries, these challenges
are compounded by economic instability,
limited technical capacity, and complex
administrative systems that impede efficient
project delivery (Amzafi et al., 2024; Msiska
et al., 2022). Globally, public construction
projects in Saudi Arabia recorded schedule
delays of 22—-200% and cost increases of up
to 42.86% attributable to VOs (Alsulami,
2024), underscoring  the universal
significance of effective VO management.

In the Philippines, Republic Act No.
9184 (RA  9184)—the  Government
Procurement Reform Act—governs contract
variations in public procurement. Its
Implementing Rules and Regulations (IRR),
Annex E, prescribes specific procedures for
VO processing and caps cumulative VO
costs at 10% of the original contract amount
(GPPB, 2022). Despite these safeguards,
implementation remains inconsistent across
state universities and colleges (SUCs),
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where administrative delays and resource
constraints continue to hinder compliance
(Flores & Ching, 2018; Martanti et al.,
2024). The  Philippine Institute  of
Development Studies (PIDS) further notes
that inadequate initial  engineering—
resulting in field-level design reworking—is
among the primary drivers of project delays
in public institutions.

Camarines Norte State College (CNSC)
is a state university whose infrastructure
budget escalated from P25 million in 2023
to P130 million in 2025 (DBM, 2025).
Despite this growth, CNSC infrastructure
projects have been recurrently subject to
variation orders stemming from design
revisions,  funding  adjustments, and
unforeseen site conditions. Records from the
Physical Plant Division (PPD) indicate that
these VOs have led to cost increases and
schedule delays across multiple project
cycles. Understanding the extent, causes,
and consequences of these VOs is therefore
essential for improving project management
efficiency and ensuring compliance with RA
9184.

1.1 Objectives of the Study
This study aimed to:

1. Determine the prevalence and primary
causes of variation orders in CNSC
completed infrastructure projects (2021—
2024);

2. Assess the effects of variation orders on
project performance using Cost Variance
(CV) and Schedule Variance (SV);

3. Analyze the predictive relationship
between variation orders and project
performance through simple linear
regression; and

4. Propose strategic recommendations to
improve variation order management at
CNSC.

1.2 Review of Related Literature

Variation orders are defined as formal
written instructions that modify the original
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scope, design, timeline, or cost of a
construction contract (Keane, 2010; Memon
et al., 2014). While VOs are sometimes
unavoidable, poorly managed changes create
cascading effects on project cost, schedule,
and quality (Arain et al., 2004; Love et al.,
2019). The literature categorizes VO causes
into owner-related factors (scope changes,
delayed  decisions),  consultant-related
factors  (design errors, inadequate
specifications), contractor-related factors
(poor execution, supply issues), and
external/regulatory factors (code changes,
force majeure) (CII, 1994; Amzafi et al.,
2024; Alsohiman et al., 2023).

In terms of impacts, studies consistently
demonstrate that VVOs result in cost overruns
and schedule delays. Bower (2000)
established that indirect costs of contract
variations are frequently underestimated.
Hanna et al. (2002; 2004) found that the
cumulative effect of project changes is
disproportionately larger than the sum of
individual changes. Ndihokubwayo and
Haupt (2009) further noted that VOs can
either add value or generate waste,
depending on the quality of preconstruction
planning and change management protocols.

Within the Philippine context, SUCs
operate under strict procurement regulations
that impose both cost ceilings and approval
timelines. Flores and Ching (2018) found
that RA 9184 compliance varies
significantly across SUCs. Famadico and
Baccay (2018) advocated for proactive
planning and technology adoption to reduce
VO impacts in Philippine public projects.
Castafieda et al. (2023) identified persistent
compliance gaps in RA 9184
implementation, including irregularities in
VO  processing.  These institutional
vulnerabilities highlight the need for
empirical studies at the SUC level to guide
evidence-based policy reform.

1.3 Theoretical and Conceptual
Framework
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This study is grounded in Strategic
Management Theory and Systems Theory.
Strategic Management Theory posits that
organizational performance depends on
alignment between planning and resource
allocation; poorly planned projects that
generate excessive VOs represent a
misalignment between institutional goals
and execution capacity. Systems Theory
views a construction project as an
interconnected system where a change in
one component triggers cascading effects on
cost, schedule, and quality (Clough et al.,
2015). Within this framework, VO causes
(as defined under RA 9184 Annex E) serve
as system inputs, CNSC's approval and
implementation procedures constitute the
process, and Cost Variance and Schedule
Variance represent the measurable outputs.

2. Methodology

2.1 Research Design

This study employed a mixed-methods
research design, combining descriptive and
quantitative approaches. The descriptive
component determined the prevalence and
classified the causes of approved VOs, while
the quantitative component—specifically
simple linear regression—measured the
predictive relationship between the number
of VOs and project performance indicators
(CV and SV). The term 'mixed-methods'
refers to the combination of descriptive
frequency analysis with inferential statistical
analysis, rather than the integration of
qualitative data collection methods such as
interviews or focus groups.

2.2 Research Locale

The study was conducted at Camarines
Norte State College (CNSC), located in
Daet, Camarines Norte, Philippines. The
scope encompassed infrastructure projects
across the main campus and satellite
campuses in Daet (Abafio), Mercedes, Labo,
Jose Panganiban, and Santa Elena
(Entienza).
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2.3 Population and Sampling

A census approach was employed,
covering all 16 General Appropriations Act
(GAA)-funded infrastructure projects at
CNSC completed between 2021 and 2024—
constituting the total population. GAA-
funded projects were selected because they
are time-bound by annual appropriations and
subject to fund reversion, making timely
completion and contract management
critical; delays or cost escalations from
variation orders carry direct fiscal
consequences. Inclusion criteria: GAA-
funded projects with complete
documentation, formally completed within
the reference period. Exclusion criteria:
projects  funded  through  non-GAA
mechanisms and projects not yet completed
as of data collection (March-June 2025).
The small population size (n = 16) means
findings are specific to CNSC and not
readily generalizable to other SUCs or
agencies.

2.4 Data Collection

Data were sourced from official records
of the CNSC Physical Plant Division (PPD)
and the Commission on Audit (COA),
including approved variation orders, project
status reports, contract documents, and
summative time extension documents. Data
integrity was ensured through triangulation:
PPD records were cross-referenced with
COA audit reports and procurement
documentation. Formal authorization was
obtained from the CNSC President and PPD
Head prior to accessing institutional records.

2.5 Data Analysis
The following analytical procedures were
applied:

Prevalence Analysis. Frequency counts
and percentage distributions were computed:
Percentage (%) = (f/ N) x 100, where f is
the frequency of each VO cause and N is the
total number of recorded causes (N = 61).
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Cost Variance (CV). CV =EV — AC,
where EV is the original contract amount
and AC is the revised contract amount. A
negative CV indicates a cost overrun.

Schedule Variance (SV). SV=EV - PV,
where EV is the original duration and PV is
the revised duration. A negative SV
indicates a schedule delay.

Simple Linear Regression. Two separate
simple linear regression models were run
with number of VOs as the sole independent
variable: one predicting CV and one
predicting SV. Regression assumptions were
addressed as follows: (a) Linearity —
assessed through scatterplot inspection; (b)
Independence — assumed given the census-
based, non-repeated-measures design; (c)
Normality of residuals — acknowledged as
a limitation given the small dataset (n = 16);
(d) Homoscedasticity — assessed visually.
Statistical significance was evaluated at o =
0.05. Analyses were performed using
Microsoft Excel Data Analysis ToolPak.

3. Results

3.1 Prevalence and Causes of Variation
Orders

A total of 23 approved variation orders
were identified across 16 completed GAA-
funded projects at CNSC between 2021 and
2024. Because a single VO may have
multiple underlying triggers, 61 distinct
causes were recorded and classified per
Annex E of RA 9184 (Table 1).

Table 1. Prevalence and Causes of Variation
Orders (2021-2024)
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Subs_urface or_Iz_atent 3 492
physical conditions

Unusual or

extraordinary physical 0 0.00
conditions

Total 61 100.00

Alignment to actual field conditions was
the most prevalent cause (27.87%), followed
by changes in contract quantities (24.59%),
reclassification of work items (22.95%), and
introduction of new work items (19.67%).
Subsurface or latent physical conditions
accounted for 4.92%, while unusual or
extraordinary physical conditions were not
recorded. The dominance of field alignment
issues reflects persistent gaps between pre-
bid design drawings and actual site
conditions, consistent with patterns observed
in other Philippine SUCs (Flores & Ching,
2018; PPD, CNSC (2024)).

3.2 Cost Performance (Cost Variance)

Table 2 presents the cost performance of
all 16 projects. Nine projects recorded a CV
of zero; one project recorded a negligible
positive variance (Project 3: +P439.64); and
seven projects incurred cost overruns
ranging from $50,605.80 to $2,300,000.00.
No project exceeded the 10% cost variation
ceiling mandated by RA 9184.

Table 2. Cost Variance per Project

Cause of Variation Frequenc Percentage

Order (per RA 9184 quency g
() (%)

Annex E)

Alignment to actual

field conditions 17 27.817

Increase or de(_:r'ease in 15 24,59

contract quantities

_Reclas&ﬁcahon _of work 14 29 95

items (plans/designs)

Introd_uctlon of new 12 19.67

work items

Proie Original Revised Cost cV
ct l\fo Contract Contract Variance (%)
" | Amt. (P) Amt. (P) ®)

36,980,070 | 36,980,070

1 12 12 0.00 0.00
19,916,486 | 19,916,486

2 39 39 0.00 0.00
34,990,488 | 34,990,049 +0.00

3 69 05 +439.64 1
18,999,047 | 18,999,047

4 20 20 0.00 0.00
21,513,614 | 21,513,614

5 1 2 0.00 0.00

6 23,412,536 | 25,712,536 | (2,300,000. 9.82
73 73 00) '

7 23,609,827 | 24,847,801 | (1,237,973. 594
.83 .18 35) '
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15 1 152 175 (23)

16 2 300 375 (75)

Note: Figures in parentheses denote schedule delays. Mean
delay across all delayed projects = 51 days.

. 177281 [ WL | g 000
. 29969067 | 28969057 | 0 000
0 | BELLEE | BELE2 [ 000
| 87830 | 14B183%5 [, 000
12 | 500336 | 299998 1 99 66351) | 415
;3| 16780974 | 17250997 §451,023.18 68
1g | 4625 | 495640 §362,185.99 o
15 | 3798320 | 3883243 | (ga01772) | 2.24
15| 24998394 [ 5000000 | co gocm) | o2

Note: Figures in parentheses denote cost overruns. All

projects complied with the 10% VO cost ceiling under RA

3.4 Regression Analysis: Variation
Orders and Project Performance

Simple linear regression was conducted
separately for Cost Variance and Schedule
Variance, with the number of variation
orders as the independent variable in both

models. Complete regression outputs—
including model summaries, ANOVA
tables, and coefficient statistics—are

presented in Tables 4 through 7.
Table 4. Regression Model Summary — Cost

9184. Variance
R std
Multip | Squa | Adjust E ' Observati
3.3 Schedule Performance (Schedule le R re ed R P”OF ons
Variance) (R?) ®)
Table 3 presents schedule performance. 0.6955 2-483 0.4171 131?6,977. 16
Fourteen of 16 projects (87.5%) experienced

schedule delays, with an average delay of
approximately 51 days. Project 6 recorded

Table 4a. ANOVA — Cost Variance

the longest delay (140 days), followed by d F
Project 11 (103 days) and Project 16 (75 Source | ¢ | SS MS (Fs)'g'
days). Only Projects 1 and 2 were completed 140
within the original contra.ct duration. . Regress | | | 3.472,086,845,1 | 3,472,086,845.1 ?8:

Table 3. Schedule Variance per Project ion 91.96 91.96 opoo

: No. | Original Revised Schedule 2)
Project | o+ | purati Durati Vari ~
No. 0 uration uration ariance Residua | 1 | 3,704,796,745,0 | 246,986,449,66

VOs | (Days) (Days) (Days) | 5 40.35 9.36
1 2 324 324 0 Total | L | 7:176,883590,2
2 0 160 160 0 a6 | 3231
3 1 180 251 (71)
4 1 210 224 14 . .
: I 160 180 §20§ Table 5. Regression Coefficients — Cost
6 4 250 390 (140) s Variance - 5
. td. t p- ower pper

! 2| 250 284 (34) varl | COefl. | Error | sta | val | 95% | 95%
8 1 120 165 (45) able | B(®) | o) t e | @ @)
9 3 180 252 (72) Interc N/ N/
10 1 250 314 (64) ept | ° NA A |a |NVA | NA
11 1 1% 253 (103) Nl 27L79 | 7249 |37 |00 | 11728 | 42631
12 1 35 107 (72) vos | 807 | 159 |49 |02 |59 | 023
13 1 189 237 (48)
14 1 170 212 (42) Regression equation: Cost Variance = P271,798.07

x (No. of VOs). Rz = 0.4838: variation orders
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explain 48.38% of the variance in project cost. The
95% CI [P117,285.90, P426,310.23] excludes zero,
confirming statistical significance.

Figure 1. Number of Variation Orders vs. Cost Variance
(CNSC Completed Infrastructure Projects, 2021-2024)

PHP 1,5 -

PHP 1.0M -

Cost Overrun (PHP)

PHE 500K -

=0.4838  Adj. R = 0.4171
F= 14058 p=0.002

PHPO - '

Jl-‘qualmu Cost Overrun = PHP 271,798.07 x (No. of VOs)
[

i ) .
1o 2 H a
Number of Variation Orders

Figure 1. Scatter Plot of Number of Variation Orders
vs. Cost Variance (CNSC Completed Infrastructure
Projects, 2021-2024)

Table 6. Regression Model Summary —
Schedule Variance

- Std.,

Multipl Squar Adjuste | Error | Observatio
2

eR e (R?) dR §Days ns

0.8645 | 0.7474 | 0.6807 32'75 16

Table 6a. ANOVA — Schedule Variance

Source df | SS MS 'E) (Sig.
44,376

Regressio 1 47,617.361 | 47,617.361 | (p=

n 7 7 0.000011
)

Residual é é6’095'638 1,073.0426

1 | 63,713.000
Total 6 0

Table 7. Regression Coefficients — Schedule

Variance
Coeff
Variab | .p Std. t p-I Lowe | Uppe
le (Days Erro Stat valu | r r
) r e 95% | 95%
:”ter“p 0 NA | NA | NIA | NA | NA
No.of | 31.83 | 4.77 | 6.66 3 00 | 2164 | 4201
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[Vos |0 |8 2 J1 |5 | 4

Regression equation: Schedule Variance = 31.830
days x (No. of VOs). Rz = 0.7474: variation orders
explain 74.74% of the variance in project duration.
The 95% CI [21.645, 42.014] excludes zero,
confirming statistical significance.

Figure 2. Number of Variation Orders vs. Schedule Variance
(CNSC Completed Infrastructure Projects, 2021-2024)

s Delay (Days)

Edquation: Delay = 31.83 days x (No. of VOs)
Ri=0.7474  Ad). R? = 0.6807
F=44376 p <0001

Figure 2. Scatter Plot of Number of Variation Orders

vs. Schedule Variance (CNSC Completed
Infrastructure Projects, 2021-2024)

The results confirm a statistically
significant positive relationship between the
number of VOs and both cost and schedule
performance. Each additional VO predicted
an average cost increase of $271,798.07 and
an average schedule extension of 31.83
days. Schedule performance demonstrated
higher susceptibility to VOs (R? = 0.7474,
Adj. Rz = 0.6807) compared to cost
performance (R? = 0.4838, Adj. Rz =
0.4171), suggesting that administrative
processing  requirements—rather  than
financial  adjustments alone—are the
primary driver of project delays.

4. Discussion

4.1 Causes of Variation Orders
The prevalence of VOs at CNSC mirrors

patterns documented in the broader
literature. The most frequent cause—
alignment to actual field conditions

(27.87%)—is consistent with findings by
Amzafi et al. (2024) and the PPD, CNSC,
2024, which attribute most VOs in
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Philippine public projects to discrepancies
between bidding-stage drawings and as-
staked conditions. This indicates that pre-
construction surveys are insufficiently
detailed at the design development stage—a
problem also noted by Flores and Ching
(2018) in Philippine SUCs.

Changes in contract quantities (24.59%)
and reclassification of work items (22.95%)
reflect gaps in quantity take-offs and
specification clarity, typically attributed to
consultant-related factors (Arain et al., 2004;
Ghimire et al., 2023). The introduction of
new work items (19.67%) suggests that
project scopes are sometimes finalized
without complete facility requirements.
Notably, no VOs were attributed to unusual
or extraordinary physical conditions,
differing from international cases where
geotechnical surprises are more commonly
reported (Alsulami, 2024; Ismaeil & Sobaih,
2024).

4.2 Cost and Schedule Performance

While CNSC projects demonstrated full
compliance with the RA 9184 cost variation
ceiling (10%), the persistence of schedule
delays (87.5%) reveals a more nuanced
performance challenge. This aligns with
Shugran and Ghazali (2024), who observed
that cost compliance does not necessarily
translate into schedule compliance, as many
VOs that incur no additional costs still
require administrative processing that
extends project durations. The average delay
of approximately 51 days—and peaks of 140
days (Project 6) and 103 days (Project 11)—
carries institutional consequences including
delayed service delivery and extended
contractor mobilization periods.

From a Systems Theory perspective, a
single VO-triggering event initiates a chain
of administrative steps—joint survey, cost
estimate, PPD review, Accounting and
Budget endorsement, and HOPE approval—
that collectively delay physical construction
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even when the financial adjustment is
minimal. PIDS has similarly noted that RA
9184's  mandatory  approval  process
contributes to delays when administrative
capacity is limited.

4.3 Regression Findings in Context

The regression coefficient for Cost
Variance (p = P271,798.07, SE =
P72,491.59; t = 3.749; p = 0.002; 95% CI
[P117,285.90, P426,310.23]; Adj. R? =
0.4171) indicates that VVOs are a statistically
significant predictor of cost escalation,
accounting for 48.38% of cost variance. The
remaining variance reflects other factors
such as market price fluctuations and
procurement delays, consistent with Bower
(2000) and Love et al. (2019), who found
that indirect costs associated with VOs are
often underestimated.

The stronger predictive power for
Schedule Variance (B = 31.83 days; SE =
4.778; t=6.662; p < 0.001; 95% CI [21.645,
42.014]; Adj. R?2 = 0.6807) suggests that
schedule delays are more directly
attributable to VO occurrence. Comparable
findings were reported by Alsulami (2024)
in Saudi Arabian public projects. Although
the magnitude of delays at CNSC is
comparatively modest, each additional VO
introduces a predictable increment of delay
regardless of financial scale.

4.4 Limitations

Several limitations should be considered.
First, the study covers only 16 projects at
CNSC over a four-year period. The small
dataset limits statistical power and precludes
multivariate analysis; full verification of
regression assumptions—particularly
normality of residuals and
homoscedasticity—was constrained by the
dataset size. Findings should not be
generalized to other SUCs or government
agencies without further validation. Second,
the study relied on secondary data, which
may not capture all informal causes of
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project modifications. Future research ﬁtrengthen Eroj_ect c?]nstruction ;_re%uency of
H H H H re- ngineers; phase lela-
_shOL_JId _repllca_te this analysis across multiple Constructio | Design alignment
institutions using larger datasets. nPlanning | Consultant VOs
5. Conclusions oo °
. site surveys
Based on the findings, the following and design
. validation)
conclusions are drawn: 5
1. Variation orders are a regular feature of Streamline
CNSC infrastructure projects, with 23 Vo PPD; Throughout | 2t
; Approval . . approvals;
VOs recorded across 16 projects. Process A_Clg‘“é”“{‘_ PmJIECt i | reduced
Predominant causes—field alignment, (standardize | J, ~5C0% | FAPEMENE | genedule
quantity changes, and work item ?n;ims%'aézz delays
reclassificati_on—point to systemic _ processing)
weaknesses in preconstruction planning 3.
and design documentation. lnsgtuti?na" - Improved
P H s Ze Regular ) R
2. _VOs have a statistically significant Coordinatio | Contractor | commulmcau
impact on both cost and schedule. Each n Meetings | s; Internal | oY f’sr;u gar y
additional VO predicts a cost increase of (monthly Audit detection
P271,798.07 (95% CI [P117,285.90, P otoring)
P426,310.23]) and a schedule extension 4 Establish _
of 31.83 days (95% CI [21.645, VO PPD; ICT Systematic
42.014]), confirming measurable and Monitoring | Office; - WINInL | racking and
- an nterna year .
predictable performance consequences. Database | Audit ?gfoﬁness
3. CNSC projects maintained full RA 9184 System
cost compliance; however, schedule 5. Conduct
delays in 87.5% of projects signal that Eﬁﬂ?ﬁ% Enfianced
procedura! qomplia'nce alone d.oe:s not' Seminars on ES;A PPD; Oer;t;e per competency
ensure efficient delivery. Administrative RA 9184 y and
bottlenecks remain a significant source and project compliance
. . . . management
of project inefficiency. 6. Adopt
4. Effective mitigation requires structural Digital IcT Improved
. . . . Office; I .
interventions: enhanced preconstruction Tools (BIM | 5. Within 2 design
surveys, streamlined VO approvals and e- Procureme | Y& accuracy and
L L. Procurement efficiency
within the 30-day RA 9184 limit, and systems) | ™
digital monitoring tools to track VO 7.
frequency, approval status, and gtre?gthte” EF{}DC? End of cach 'mptroved
- - ontractor ' na or eac contractor
performance in real time. Perform_ance CPES project cycle | accountabilit
6. Recommendations (Ee’S'E“g'O” Evaluators y
Based on the study's conclusions, the 8. Expand
following strategic recommendations are ?tUiy Scope o : .
. or Future esearc Broader
proposed' Research _ Office; [r:el;teuf:rech evidence
Table 8. Proposed Strategic (comparativ | Graduate agenda base for VO
Recommendations e analysis School policy reform
with other
Strategy Persons Time Frame | EXPected SUCs)
Involved Outcome
1. PPD; Pre- Reduced
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