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EDITORIAL 
 

Dear Readers, 

 

It is my great privilege and honour to write this Editorial for the December 2024 issue of The Palawan 

Scientist Journal, a publication of the Western Philippines University. Having partnered and 

collaborated with the institution while undertaking my environmental social science PhD fieldwork in 

the Philippines, I commend their ongoing commitment to both multi- and interdisciplinary research as 

evidenced by the range of topics and disciplines included in this issue. 

  

Something that struck me when reading the diverse set of articles published here is the presence of two 

core thematic threads running through them: 1) a commitment to research that demonstrates the intrinsic 

connection between people and nature; and 2) a clear drive for research that benefits the public good. 

A number of the articles in this issue draw together important learnings related to two of the great 

challenges humanity has experienced in the 21st century so far: the COVID-19 pandemic (as discussed 

in Lim et al. and Foronda et al.) and the ongoing biodiversity crisis and potential impact on ecosystems 

and peoples’ livelihoods (as discussed in Dangan-Galon et al and Salazar et al.) 

 

What is evident is that these and other major challenges have and continue to impact humanity 

differently, both between different regions of the world and across different social groups within 

societies. It is thus imperative that we continue to listen to and learn about these varied experiences so 

that the current and future challenges we face recognise and account for these differences in the 

strategies we develop and undertake to address them. This is of particular importance for those whose 

voices may be less heard, whether that is small nation states in global governance fora, or groups on the 

margins of the societies we are part of. 

  

This journal issue includes studies with a clear aim of equipping policymakers and resource-users with 

knowledge that can support sustainable management of natural resources, so fundamental to the lives 

and livelihoods of rural communities in the Philippines and across so much of the world. This 

knowledge can play a powerful role in complementing what is already known, for example the 

Indigenous wisdom and traditional ecological knowledge of Indigenous peoples and local communities 

that is so fundamental to the effective and equitable conservation of nature. I was delighted to see an 

article that shines a lens on the oft-ignored gendered differences in women’s and men’s use, access to, 

knowledge of, and actions related to natural resources and conservation (Bauyot et al.). 

  

Increasing the accessibility of education (as discussed in Junsay and Lagura) and the continued 

democratisation of knowledge are key as we seek the current and future solutions to society’s biggest 

challenges. Western Philippines University’s commitment to early career researchers and support of 

open-access knowledge without paywalls or associated fees are pivotal steps in advancing the equity of 

science and academia. 

  

To conclude, I would like to thank the authors of all the articles published in this issue for your excellent 

submissions, and my fellow The Palawan Scientist Editorial Board members for taking the time to 

review these. For those reading this issue interested in submitting to this journal, we strongly encourage 

you and welcome your future submissions! 

  

Let us continue to be curious and committed in pursuit of the wellbeing of people and planet! 

 

 

Timur Jack-Kadıoğlu, PhD 

Associate Editor – The Palawan Scientist 

Technical Specialist, Fauna & Flora, Cambridge, United Kingdom 

https://doi.org/10.69721/TPS.J.2024.16.2.x  

https://doi.org/10.69721/TPS.J.2024.16.2.x
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ABSTRACT 
 

The COVID-19 outbreak has led to remarkable changes in the transport sector and people’s 

travel behavior. The suspension of public transport leads to an increase in the number of private car users 

and the number of walking activities. The last mile, being one of the weakest links in the transport 

network, has become more challenging to manage with the imposition of different travel restrictions. 

Using the data collected from the households of Barangay Batasan Hills, Quezon City, Philippines, this 

study aimed to understand people’s travel behavior during the pandemic. Specifically, a binary logit 

model was used to determine the significant factors that affect the last-mile travel mode choice under 

different alert levels. Results showed that age during the pandemic, monthly household income, the 

purpose of travel, travel expense, travel time, departure time, origin, compliance with COVID-19 

measures, and trip duration have significant factors in last-mile travel mode choice. In addition, risk 

perception on public transport was also a determinant of last-mile travel mode under alert levels 1 and 2. 

Analyzing travel behavior during the COVID-19 pandemic is deemed beneficial in devising strategies 

and interventions that will help mitigate the spread of the virus while still allowing economic activity and 

the movement of people to happen.  

 

Keywords: alert levels, COVID-19, last mile, mode choice, travel behavior 

 

 

 

INTRODUCTION 

 

The COVID-19 pandemic has emerged as a 

major concern for the entire world, posing 

unprecedented risks to the health sector, economy, 

labor market, food supply, and transportation. 

Government authorities started implementing 

lockdowns, community quarantines, curfews, and 

travel restrictions to curb the spread of the virus. Social 

distancing and other safety measures are practiced and 

have become part of the new normal. To prevent 

people from getting infected, only one person per 

household is allowed to go outdoors, essentially to buy 

goods and do activities. Non-essential businesses and 

service providers were temporarily closed. Schools 

and workplaces transitioned into a remote 

environment. Real-life social interactions and social 

gatherings had abruptly declined due to the imposition 

of physical distancing rules (Massaccesi et al. 2021). 

The Philippines, a third-world developing country, 

reported its first confirmed case on 22 January 2020 

(DOH 2020). Since then, the number of infected 

people continued to grow. Because of its resource and 
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capability limitations, handling the virus has become a 

big challenge in the Philippines’ public health sector.  

In September 2020, the government 

introduced alert-level systems. This alert level system 

was first implemented in Metro Manila then in the rest 

of the country months after (Tantuco 2021). During 

the COVID-19 transmisison, the area is placed under 

alert level 1, total bed usage, and intensive care unit 

use were all low or declining (Baclig 2022). Intrazonal 

and interzonal movements were allowed regardless of 

age and comorbidity. Establishments are also allowed 

to operate at maximum capacity (DOH 2021). Under 

alert level 2, everyone was allowed to go out, but 

government authorities also imposed additional safety 

measures and restrictions. It was implemented in areas 

with increasing hospital admissions even if the number 

of infected cases were low (Baclig 2022). Gaming 

establishments were not allowed to operate while other 

establishments were allowed to open at a maximum of 

50% indoor capacity and 70% outdoor capacity. When 

alert level 3 was imposed residents below 18 years old 

and belonging to the vulnerable population were 

restricted from going out, except when buying 

essential goods or doing essential activities. Areas 

with a high risk of transmission were not allowed to 

operate, while those with low to medium risk can open 

up to 30% indoor capacity for fully vaccinated 

individuals and 50% outdoor capacity. At least 60% 

on-site workforce was also allowed in government 

establishments (DOH 2021). Further, when the area 

had high cases and hospital admissions, alert level 4 

was implemented (Baclig 2022). Intrazonal and 

interzonal travel was only allowed for individuals 

without comorbidities, not pregnant, and whose ages 

were between 18 to 65 years old. A maximum of 10% 

indoor capacity for fully vaccinated individuals  and 

30% outdoor capacity was given for service 

establishments, while at least 40% on-site workforce 

in the government services. Lastly, alert level 5 

signified alarming cases and hospital admissions. The 

movement of the people was limited to accessing 

essential goods and services or work only. The strictest 

rules and guidelines like ECQ were usually 

implemented in this scenario (Baclig 2022). Mass 

gatherings were not allowed, and strict home 

quarantines were imposed. Government officials and 

authorities were also in a skeleton workforce (DOH 

2021). 

Along with these numerous contagion-

related guidelines implemented at both local and 

national levels, transportation systems and services 

were also suspended. Restrictions began with the 

banning of international travel from countries with 

confirmed cases, followed by visa restrictions and 

checkpoints at the entry and exit points across every 

country (Pawar et al. 2020). As a result, the transport 

industry was greatly shaken on the economic level. 

Although airlines reacted differently to the 

implemented restrictions on air travel (Monmousseau 

et al. 2020), major carriers in the airline industries 

have experienced a 60% to 80% reduction in their 

capacity. In the Philippines, public transport was only 

allowed to operate at full capacity under alert level 1 

scenario (Philippine News Agency 2022). Under alert 

levels 2 and 3, it was allowed to keep 70% of 

passenger capacity (Philippine News Agency 2022), 

while full suspension of its usage was imposed under 

alert level 5 scenario. Further, studies revealed that the 

mode choice behavior of working Filipinos was 

affected by the pandemic with the increased shift of 

respondents from public transportation to using 

private vehicles, active transportation, and shuttle 

services (Co et al. 2023). These results complemented 

the studies from other countries where private 

transport users gradually increased during the 

COVID-19 pandemic (Hasselwander et al. 2021; 

Shakibaei et al. 2021; Zhang et al. 2021; Abdullah et 

al. 2022), while a minor shift to walking activities for 

non-commuting was observed (de Haas et al. 2020; 

Borkowski et al. 2021; Paul et al. 2022). Lastly, non-

motorized vehicle users also increased during the 

pandemic for both commuting and discretionary 

purposes (de Haas et al. 2020; Abdullah et al. 2022; 

Paul et al. 2022). These results imply that walking or 

another active transport mode, motorized and private 

vehicles lessen the risk of getting infected (Ancheta et 

al. 2023). There is a need to determine the factors 

affecting the last-mile travel mode choice under the 

different COVID-19 alert levels. This can contribute 

to the extensive studies on the effects of the pandemic 

on transportation by taking into consideration alert 

level scenarios and specifically analyzing only the 

last-mile travel mode of respondents.  

The goal of efficiently connecting 

transportation linkages remains to be a challenge up to 

this day. Especially, this problem came out worst 

during the pandemic due to the lack of transportation 

modes available. The last mile is commonly referred 

to as the last leg of a transportation journey comprising 

the movement of passengers from a transportation hub 

to the destination (Chen et al. 2021) in the context of 

transport planning and supply chain management. It is 

frequently the weakest link in a transport network 

(Stam et al. 2021). A wide range of research 

investigating the factors that affect travel mode choice 

has been conducted (i.e. Ben-Akiva et al. 1985; 

Hensher 1994; Hasnine et al. 2018; Mao et al. 2018; 

Yang et al. 2018; Mohd Ali et al. 2022). The literature 

in the context of last-mile transport mode choice has 

been growing (i.e. Meng et al. 2016; Mo et al. 2018; 

Guo et al. 2020; Lu et al. 2022). The pandemic-related 

variables and their effects on travel mode choice are 

also considered in some research (i.e. Bhaduri et al. 

2020; Abdullah et al. 2022; Paul et al. 2022; Zubair et 

al. 2022). However, there are limited studies on last-

mile mode choice behavior for developing countries 

(e.g. Patil et al. 2020) and studies that incorporate both 

the pandemic-related factors and last-mile travel mode. 
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Managing the last mile will be even more challenging 

as usage of the transport modes in the country is 

significantly impacted by the outbreak of the virus. 

Although the use of various modes of transportation 

has already been relaxed, the transmission of the virus 

is still not yet fully managed and controlled. Protocols 

and restrictions are still changing depending on the 

type of alert level being imposed in an area. This 

means that behaviors are still affected by the pandemic. 

Plans and strategies should also be specific to each 

area and each alert level. Furthermore, the long-term 

heterogeneous impacts of the pandemic within 

different transportation sectors (Mack et al. 2021) will 

most likely bring transport disruptions and require 

adjustments from transport system providers and users.  

The objective of this study is to analyze and 

determine the factors affecting the last-mile travel 

mode choice under different alert levels using the data 

collected from households in Barangay Batasan Hills, 

Quezon City, Philippines. This study did not 

specifically focus on the last-mile problem in 

passenger transport which refers to the disconnect 

between public transport and an individual’s origin or 

destination (Tight et al. 2016). However, the study 

focused simply on the last-mile transport mode 

choices of individuals during the pandemic and the 

factors affecting their decision according to various 

alter level scenarios. The results of this study can be 

used to understand the travel behavior of the residents. 

Further, this can be helpful for designing strategies and 

plans that will help manage the last mile link and 

mitigate the spread of the virus at the same time. 

 

 

METHODS 

 

Study Area 

Barangay Batasan Hills was chosen as the 

study area based on a decision criterion that includes 

the population, existing transport networks, travel 

demands, and existing establishments. Barangay 

Batasan Hills is one of the barangays in Quezon City, 

Philippines (see Figure 1). As of the 2020 Census, 

Batasan Hills has 166,572 residents which represents 

5.63% of Quezon City’s total population. Moreover, 

the barangay has 161,352 families, with an average of 

4.67 members per household, according to the 2015 

Census (PhilAtlas 2020). There are three major roads 

in Batasan Hills: Commonwealth Avenue (Radial 

Road 7/N170), Batasan (IBP) Road, and the Batasan-

San Mateo Road. Batasan is also served by the Batasan 

Station of MRT Line 7 located a few meters south of 

the junction of Commonwealth Avenue and IBP Road 

near the Sandiganbayan Centennial Building.  

The study area is composed of medium to 

high-density residential zones, with major and 

metropolitan commercial zones, institutional zones, 

and housing zones. Notable buildings and structures 

within the barangay include the Batasang Pambansa 

Complex which houses the House of Representatives; 

and the Sandiganbayan Centennial Building which is 

home to Sandiganbayan – one of the major courts of 

the country. Other government establishments in the 

area include the headquarters of the Civil Service 

Commission, the Commission on Audit, and the 

Department of Social Welfare and Development. Also 

located within the barangay are: Ever Gotesco 

Commonwealth (a shopping mall); Diliman 

Commercial Center which has branches of Starbucks 

and Ministop, and satellite offices of Pag-IBIG Fund 

and Social Security System; and St. Peter Parish: 

Shrine of Leaders – all mentioned are along 

Commonwealth Avenue. On the other hand, available 

transport modes in the area are bus lines, tricycles, 

jeepneys, PUVs, and MRT (Batasan Hills undated). 

 

Data Collection 

Data used for analysis in this study were 

collected from households that were randomly 

selected using the cluster sampling method. A survey 

questionnaire was designed containing four sections. 

The first section was intended to capture the socio-

demographic and household characteristics of the 

respondents (gender, age, household position, civil 

status, educational attainment, number of household 

members, number of children, elderly members, 

person with disabilities, vehicle ownership, type and 

number of vehicles owned, house ownership, 

residential period, occupation, occupation setup, 

monthly income). The section on travel characteristics 

was designed to get the travel behavior and detailed 

movement of the respondents. The third section 

captured the variables that are related to risk 

perceptions, compliance with the pandemic protocols, 

social responsibility, travel anxiety, fear of infection, 

and vaccination status. Lastly, the possible factors that 

they prioritize when choosing their transport mode and 

their corresponding level of priority were obtained in 

the last section.  

Face to face survey was conducted to obtain 

data used for analysis in this study. After the survey, 

data were encoded, checked, and validated. Missing 

and inconsistent data were removed. A total of 326 

valid responses were obtained and coded using the 

dummy coding technique. Further, stepwise backward 

elimination was employed to select the independent 

variables that affect the mode choice of respondents. 

An initial model containing the initial list of 

independent variables was estimated. Then 

insignificant variables were removed one at a time 

based on their p-values until all the variables left were 

significant at a 95% confidence level (Washington et 

al. 2011). All the remaining significant variables were 

used as the explanatory variables for the final analysis 

and interpretation of the logit model of last-mile travel 

mode choice. 
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Figure 1. Batasan Hills, Quezon City Map. Source: ArcGIS (2024). 

 

 

Logit Model Parameter Estimation and Validation of Model Specification 

 The binary logit model was used for data 

analysis. Any household, h, traveling his last mile by 

walking, w, or through a vehicle (public/private), v, is 

represented by a utility function as presented in 

Equations 1, and 2, respectively. β'wh, and β'vh are 

vectors of parameters that are estimated for the model 

for households, h, choosing walking, w, or vehicle, v, 

as last-mile travel mode, respectively. Xwh and Xvh are 

vectors of the determinants that households prioritize 

when choosing last-mile travel mode choice of either 

walking, w, or by vehicle, v, respectively. εwh and εvh 

are vectors that account for the effects of unobserved 

attributes and preferences on observed alternatives w 

and v, respectively. 

  

  𝑈𝑤ℎ = 𝛽′𝑤ℎ𝑋𝑤ℎ + 𝜀𝑤ℎ (1) 
 

 𝑈𝑣ℎ = 𝛽′𝑣ℎ𝑋𝑣ℎ + 𝜀𝑣ℎ (2) 
 

Pwh, and Pvh, indicate the probability that a 

household chooses walking, w, or by vehicle, v, as last-

mile travel mode choice, respectively. These can be 

determined using Equations 3 and 4, respectively. 

 

 𝑃𝑤ℎ =
𝑒𝛽′𝑤ℎ𝑋𝑤ℎ

𝑒𝛽′𝑤ℎ𝑋𝑤ℎ+𝑒𝛽′𝑣ℎ𝑋𝑣ℎ
            

  
(3) 

 
 

 𝑃𝑣ℎ =
𝑒𝛽′𝑣ℎ𝑋𝑣ℎ

𝑒𝛽′𝑤ℎ𝑋𝑤ℎ+𝑒𝛽′𝑣ℎ𝑋𝑣ℎ
 

(4) 
 

 

The coefficients β, X, and ε were determined 

using the maximum likelihood estimation. STATA 

version 15.0 was used in estimating the parameters of 

the binary logit model. The significance of the 

independent variables to the last-mile travel mode 

choice was determined using the t-statistics (p-value). 

The final model includes determinants whose p-value 

is less than 0.05 (significant at 95% confidence level) 

or 0.01 (significant at 99% confidence level). Also, 

model fit was assessed using the McFadden pseudo R2. 

The values of McFadden pseudo R2 ranging from 0.2 

to 0.4 indicate that the model fits the data well 

(McFadden 1997). 
 

 

RESULTS  

 

Socio-Demographics and Travel-Related Variables 

            From the 326 valid responses collected from 

the residents of Barangay Batasan Hills, Quezon City, 

it was revealed that 196 respondents traveled by foot 
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(60.12%), and 130 used public transportation (39.88%) 

in their last mile travel during the pandemic. Table 1 

provides a summary of the description and frequency 

of the socio-demographic and travel-related variables. 

The descriptive analysis showed that most of the 

respondents have ages ranging from 15 to 50 (73.62%), 

have at most 4 household members during the 

pandemic (73.62%), and it is also worth noting that 

60.43% have a monthly household income of more 

than Php10,000. All the interviewees indicated that 

they have traveled during the pandemic. During their 

first-mile trip, 43.56% depart from their houses at 9 

AM or earlier, while 56.44% depart after 5 PM. Most 

of them pay at most PHP 20 which accounted for 

81.29%, while 80.66% travel for at most 20 minutes, 

46.94% go to the workplace, barangay hall, or school, 

43.01% go to a grocery store, shopping mall, or public 

market, and 10.04% go to other locations such as 

hospitals, churches, and relatives. Also, most of the 

last-mile travelers originate from their 

workplaces/barangay halls/schools accounting for 

40.80%. In addition, 288 of the last-mile travels was 

within 20-minute travel (88.34%).  

 

Table 1. Descriptive summary of socio-demographic and travel-related variables used in the analysis. 

 

 
 

Moreover, as shown in Table 2, most of the 

respondents have a high perception of the risk of 

public transport, high compliance with COVID-19 

measures, high COVID-19 fear, and high travel 

anxiety for all alert levels. About 80.06%, 80.06%, 

87.12%, 84.66%, and 86.20% of the respondents have 

high perceptions of the risk of using public transport 

under alert levels 1, 2, 3, 4, and 5, respectively. High 

compliance is also observed on COVID-19 measures 

for alert levels 1 to 5 with proportions of the responses 

equal to 97.24%, 88.04%, 87.73%, 88.04%, and 

90.18%, respectively. Likewise, around four-fifth of 

the respondents have a high level of fear of COVID-

19 under alert level 1 (83.13%), alert level 2 (78.83%), 

alert level 3 (80.06%), alert level 4 (84.05%), and alert 

level 5 (80.37%). The number of respondents with 

high travel anxiety also increased with alert levels, 

with proportions of 76.07%, 80.37%, 87.42%, 88.65, 

and 88.96% for alert levels 1 to 5, respectively. 

Table 3 shows the result of the model 

estimation of last-mile mode choice in all alert levels. 

The models are attributed from alert level 1 to alert 

level 5.  All the models show significance at (p = 0.000) 

which indicates that there is an established relationship 

between independent and dependent variables.  The 

area under curves (AUCs) calculated at 75.83 for alert 

level 1 and 74.53 for alert levels 2, 3, 4, and 5, 

indicating that the models have an excellent ability to 

discriminate. McFadden pseudo-R2 assessed the 

model's goodness of fit. The model’s pseudo-R2 is 

within 0.16 to 0.17. The Correct Classification Rate 

(CCR) for the alert level models (alert levels 1-5) 

ranges from 69.02 to 70.25, and their CCR base rates 

are 52.05. This implies that there is an improvement in 

the predictive accuracy with the addition of significant 

variables in the model.  

The model specification was further 

validated using the Likelihood Ratio (LR) test. The 

binary logit model for alert level 1 yielded LLWhole, 

LLSample1, and LLSample2 values of -181.19, -86.04, and -

92.77, respectively. The resulting value of LR with 5 

degrees of freedom is 4.76. The critical value χ at a 5% 

level of significance and 5⁰ of freedom, χ2 0.05, 5, is 

11.07. The lower value of calculated LR compared to 

χ2
0.05,5 indicates that  the null   hypothesis that  there is
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Table 2. Descriptive summary of scenario-based variables used in the analysis for different alert levels. F- frequency. 

 

 
 

no significant difference between the parameters 

across different samples is accepted. Lastly, the 

LLWhole of the logit models for alert levels 2, 3, 4, and 

5 is equal to -183.79. The LLSample1 for alert levels 2 to 

5 is equal to -92.81, while LLSample2 is equal to -88.77. 

From these values, the calculated LR for alert levels 2, 

3, 4, and 5 is 4.42. The critical value χ at a 5% level of 

significance and 4 degrees of freedom, χ2 0.05,4, is 9.49. 

All the values of LR for alert levels 2, 3, 4, and 5 are 

less than the χ2 0.05,4, which means that there is no 

significant difference between the parameters of the 

whole data and the parameters across different 

samples. 

For the last-mile mode choice under alert 

level 1, the variable indicator for the departure time for 

the last-mile trip during the pandemic has a positive 

coefficient (β = 1.08), indicating that those who depart 

from their places after 5 PM are more likely to use 

public transport mode. The positive coefficient (β = 

1.01) obtained for the variable indicator of COVID-19 

fear under alert level 1 implies that the higher the 

perception of risk for COVID-19, the lower the 

chances that the respondents will ride public transport 

mode. Interestingly, those who are fully vaccinated 

and with high compliance with COVID-19 safety 

measures are less likely to choose public transport. 

This is derived from the coefficient β = -1.67. This 

only shows that despite the providence of vaccination, 

people are not yet lenient in complying with safety 

protocols and have avoided using public transport to 

ensure safety and curb virus spread. Lastly, the trip 

duration variable indicator has a negative coefficient 

(β = -0.74), suggesting that if the respondents highly 

prioritize trip duration, the higher the chances they will 

travel by foot in their last-mile travel. 

In addition, for alert levels 2, 3, 4, and 5, 

positive coefficients were observed for the variable 

indicators for last-mile departure time (β = 1.10), and 

travel anxiety for those with booster shots (β = 1.53). 

This indicates that last-mile travelers who depart from 

their last-mile origin later than 5 PM and those who 

have booster shots but with travel anxiety tend to ride 

public transport. On the other hand, negative 

coefficients were obtained for variable indicators for 

compliance with COVID-19 measures for those fully 

vaccinated (β =-1.67), and trip duration (β = -0.68). 

From these coefficients, it infers that those who are 

fully vaccinated with high compliance with COVID-

19 measures, and those who highly prioritize trip 

duration are more likely to walk in their last-mile 

travels. This may be attributed to the imposition of 

stringent regulations, such as travel restrictions, in 

response to the increasing number of infected residents 

and hospital admissions, which may affect the 

accessibility and availability of public transportation. 

 

 

DISCUSSION 

 

With the impacts of the pandemic, stretching 

the last mile and managing it becomes more 

challenging. Thus, this study examined the last-mile 

travel mode preferences of the households in Barangay 

Batasan Hills, Quezon City, Philippines under 

different alert level systems. Data were validated and 

coded. Variables were analyzed. A binary logit model 

was estimated to analyze the significant factors 

affecting the last-mile travel mode choice during the 

pandemic. 

Variables Classifications 

Alert Level 

1 2 3 4 5 

F % F % F % F % F % 

Risk in 
Public 

Transport 

Use (PTL) 

Low 65 19.94 65 19.94 42 12.88 50 15.34 45 13.80 

High 261 80.06 261 80.06 284 87.12 276 84.66 281 86.20 

Compliance 

to COVID-

19 
measures 

(COMPL) 

Low 9 2.76 39 11.96 40 12.27 39 11.96 32 9.82 

High 317 97.24 287 88.04 286 87.73 287 88.04 294 90.18 

COVID-19 

fear (CFL) 

Low 55 16.87 69 21.17 65 19.94 52 15.95 64 19.63 

High 271 83.13 257 78.83 261 80.06 274 84.05 262 80.37 

Travel 

Anxiety 

(TAL) 

Low 78 23.93 64 19.63 41 12.58 37 11.35 36 11.04 

High 248 76.07 262 80.37 285 87.42 289 88.65 290 88.96 
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Table 3. Parameter estimation and model validation results of binary logit model for public transport at different 

alert levels. ** significant at 99%; * significant at 95%. 

 

 
 

 

Descriptive Summary of Variables 

 The descriptive analysis result of the study 

showed that most of the respondents in Batasan Hills, 

Quezon City travelled by walking during the pandemic 

instead of using public transportation. This result 

complements the study of Co et al. (2023) where they 

indicated that most travellers are shifting away from 

using public transport during the pandemic and some 

shift to walking activities for non-commuting 

(Borkowski et al. 2021). Most of their travels are for 

the purpose of going to their workplaces or going to 

school. Moreover, many of the respondents have high 

risk perception in using public transportation. The 

result of high-risk perception for public transportation 

use indicates that the vehicle characteristics including 

the number of passengers allowed, social distancing 

inside the vehicle, and service environment (crowding, 

cleanliness, comfort) are driving factors to risk 

perception. Previous studies revealed that most 

respondents perceived public transport as a high risk 

of infection due to its poor sanitization, ventilation, 

and high occupancy rate disregarding physical 

distancing at most times compared to private vehicles 

(Co et al. 2023; Abdullah et al. 2020).   

 

Factors Affecting Last-Mile Travel Mode Choice 

under COVID-19 Alert Levels 

The model estimation for the last-mile travel 

mode choices under alert levels 1 to 5 are affected by 

their travel characteristics such as their last-mile 

departure time and trip duration during the pandemic. 

Those who depart after 5 PM are more likely to travel 

with a public vehicle. When the respondents highly 

prioritize the trip duration, then they are more likely to 

travel on foot.  Abdullah et al. (2020) and Zubair et al. 

(2022) emphasized that variables like cost, comfort, 

and trip duration become less priority during the 

pandemic compared to pandemic-related factors such 

as the usage of facemasks, social distancing, 

cleanliness, safety, and security. Risk-related variables 

such as COVID-19 fear, compliance with safety 

measures and protocols, and travel anxiety also 

influence their last-mile mode choices. Those who are 

fully vaccinated and have high compliance with 

pandemic protocols are also more likely to walk when 

stretching their last mile to avoid risk of infection. This 

contrasts with the study on 16 European countries 

regarding the influence of COVID-19 risk perception 

and vaccination status on the number of social contacts 

which revealed that vaccinated individuals were 

reported to have a higher number of contacts than non-

vaccinated, showing leniency of compliance and 

safety protocols (Wambua et al. 2023).  Moreover, the 

increasing rate of transmission in public transportation, 

making it unsafe to ride has reduced the chances that 

it will be chosen (Paul et al. 2022). On the other hand, 

the model estimation showed that those who received 

booster shots and with travel anxiety are more likely 

to use public transport denoted with a positive 

coefficient (β = 1.28). Further, the choice of mode of 

transportation is influenced by personal preferences 

for public transit, willingness to use it, and belief in its 
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security (Aaditya and Rahul 2021; Lee et al. 2022). 

Further, coefficients from the parameter estimation of 

the logit models for last-mile travel mode under alert 

level 1 show that those who show fear of COVID-19 

infection are less likely to use public transport. 

 The findings of this study can provide useful 

insights into creating and devising strategies and plans 

that will benefit both transport service providers and 

consumers during the COVID-19 pandemic. It can 

also provide information that can be used in the 

development and improvement of transport systems in 

the country, specifically on last-mile transport. On the 

other hand, policies on riding public transport can also 

be regulated. It can also be beneficial to revise the 

travel guidelines under different alert levels. Although 

the study is deemed beneficial to understanding travel 

behavior during the pandemic, it can still be subjected 

to some limitations. It is recommended that the study 

area should also be expanded to nearby barangays or 

cities to capture a detailed analysis of the travel mode 

choice during last-mile travels. The study made use of 

two alternatives namely walking and traveling in a 

vehicle (private/public). To capture the specific effects 

of the socio-demographic and travel characteristics on 

different travel modes, it is suggested that public 

transport and private transport be analyzed as two 

separate alternatives. The addition of other travel 

modes can also be done. The last mile is as weak as 

the first mile in terms of transport links. Thus, it is 

highly recommended that the first mile should also be 

studied. Other travel decisions such as trip generation, 

destination choice, and route choice can also be a focus 

of future research. 
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ABSTRACT 

 
Seaweed farming in Palawan currently involves different local cultivars. At least 12 of these 

cultivars were successfully grown in an indoor facility employing the branch culture techniques and were 

sea-out planted in Puerto Princesa Bay since 2015. Six of these cultivars yielded relatively high daily 

growth rates and were selected for the year-round field-testing experiment to compare the growth rates 

among cultivars and species, between farming sites, and across seasons from 01 July 2021 until 15 August 

2022. Monitoring of cultivars’ daily growth rates (DGRs) was conducted in 100 m2 experimental floating 

monoline plots in Green Island and Sitio Amogues of the municipalities of Roxas and Taytay, Palawan, 

respectively. Findings revealed that seaweed DGRs significantly varied among cultivars and species (p 

= 0.001; p = 0.008). The "spinosum" brown from Puerto Princesa and "sacol" green from Green Island, 

Roxas had higher DGRs, 4.28% and 4.10%, respectively. Grouping the cultivars per species, the cultivars 

of Eucheuma denticulatum (L. Burmann) Collins & Hervey had higher DGRs compared to Kappaphycus 

striatus (F. Schmitz) L. M. Liao and Kappaphycus alvarezii (Doty) L. M. Liao. Spatial and seasonal 

variabilities in cultivar DGRs were also evident. Four cultivars obtained significantly different DGRs 

between planting sites. The “tambalang” (p = 0.010) and “magnolia” (p = 0.006) with DGRs of 3.26% 

and 4.08%, respectively in Green Island Roxas, while the “spinosum” brown from Puerto Princesa (p < 

0.001; 4.86% DGR) and San Vicente (p < 0.001; 4.45% DGR) in Amogues, Taytay. Three cultivars in 

Green Island, Roxas, obtained significantly higher DGRs during the wet season. These were the 

“tambalang” (p = 0.000; 3.98% DGR), “magnolia” (p = 0.000; 4.57% DGR), and “spinosum”-brown 

from Puerto Princesa (p = 0.006; 5.23% DGR). In Amogues, Taytay, all six cultivars obtained 

significantly higher DGRs during the wet season: “tambalang” (p = 0.210; 3.17% DGR); “lakatan” (p = 

0.004; 2.69% DGR); “spinosum” brown from Puerto Princesa (p = 0.00; 3.97% DGR); and San Vicente 

(p = 0.00; 3.39% DGR). A cropping calendar that indicates the fast-growing cultivars to be planted at a 

particular site and season is provided in this study. This information shall aid local farmers in cultivar 

selection towards a sustainable seaweed farm management in Palawan. 

  

Keywords: cultivation, daily growth rates, farmers, planting sites, seasons.  

 
 

 

Original Article 
 

Selection of fast-growing seaweed 

cultivars in Palawan, Philippines 
 

Floredel D. Dangan-Galon1,2 , Venus D. Sabido1,  

Richard V. Dumilag3 ,  Jhonamie A. Mabuhay-Omar2   

and Lota A. Creencia2  

 
1Palawan State University, Tiniguiban, Puerto Princesa City,   

  Palawan, Philippines 
2College of Fisheries and Aquatic Sciences-Western Philippines University, 

Puerto Princesa Campus,  

  Sta Monica, Puerto Princesa City, Palawan, Philippines 
3School of Graduate Studies, Sorsogon State University, , Sorsogon City 

Campus, Magsaysay St. Sorsogon City, 4700,   

 Philippines 

*Correspondence: fgalon@psu.palawan.edu.ph  

 

 

Received: 20 March 2023 || Revised: 05 Feb. 2024 || Accepted: 14 March 2024 

Available online 01 July 2024 

 

©Western Philippines University 
ISSN: 1656-4707 
E-ISSN: 2467-5903 
Homepage: www.palawanscientist.org  

 
This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

 

https://doi.org/10.69721/TPS.J.2024.16.2.02
mailto:fgalon@psu.palawan.edu.ph
https://orcid.org/0000-0002-3494-8380
https://orcid.org/0000-0002-7590-0009
https://orcid.org/0000-0002-8384-4449
https://orcid.org/0000-0002-8586-8604
http://www.palawanscientist.org/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Dangan-Galon et al.: Seaweed fast-growing cultivars 

 

The Palawan Scientist, 16(2): 10-22   

© 2024, Western Philippines University 

 
11 

INTRODUCTION 

 

 Palawan has accounted for a major share of 

seaweed production in the Philippines. Holding an 

annual average record of 370,000 MT from 1997–2021, 

the area represents 84% of Region 4B’s seaweed 

production, or 20% of the entire Philippines. (PSA 

2021). Approximately 5,567 ha of Kappaphycus and 

Eucheuma farms can be found in 23 seaweed-

producing municipalities in the province (Quiaoit et al. 

2018). Year-round production was reported for the 

municipalities of Agutaya, Cuyo-Magsaysay, 

Cagayancillo, Balabac, and the Calamian Group of 

Islands, benefiting 7,604 coastal dwellers in the island 

province of Palawan (BFAR 2022). 

The success of seaweed farming in the province 

is not without challenges. From 2004 to 2007, annual 

average production was at 360,378.00 MT. In the 

succeeding years, 2008 to 2012, the volume increased 

to 455,473.00 MT, and in the most recent years, 2013 

to 2021, only 326,832 MT, or a decrease of 20.8% 

from the previous years (PSA 2021). Aside from 

extensive die-offs on farms due to ice-ice disease 

(Zabala and Gonzales-Plasuz 2020), the scarcity of 

stable supply of quality seedlings is also a limiting 

factor to seaweed farm productivity in Palawan 

(PEMSEA 2016). 

To initially address the problem of shortage and 

decreasing quality of farmed Kappaphycus and 

Eucheuma, the Department of Science and 

Technology-Philippine Council for Agriculture, 

Aquatic, and Natural Resources Research Division 

(DOST-PCAARRD) launched the Seaweed Research 

and Development Program in 2014. One of the outputs 

of the program is the establishment of seaweed culture 

facilities at Palawan State University, Tiniguiban, 

Puerto Princesa City, Palawan. Currently, the facility 

houses 20 cultivars of commercially farmed seaweeds 

from different sites, mostly from Palawan. Six of these 

cultivars have been successfully maintained through 

branch culture technology in the laboratory and 

underwent cultivation at various sea-based nurseries in 

Palawan (Dangan-Galon, unpublished data). With the 

increasing demand for quality seedlings (Roleda et al. 

2021), this study attempted to determine the growth 

performance of the six successfully cultured cultivars 

to select better planting materials on farms while new 

or novel strains of genetically viable seedlings are not 

yet available for large-scale farming or production. 

The selection of fast-growing crops is a 

promising approach in seaweed aquaculture. This 

approach was done with 23 morphotypes of farmed 

seaweeds, which isolated, at that time, Kapppaphycus 

alvarezii (Doty) L.M. Liao as a fast-growing and 

disease-resistant species among other farmed 

seaweeds (Doty and Alvarez 1975). The other two 

widely farmed species, the Kappaphycus striatus 

(Schmitz) L.M. Liao, and Eucheuma denticulatum (L. 

Burmann) Collins & Hervey were also products of the 

1996 crop selection program (Ask and Azanza 2002). 

From these species, the 61 named seaweed cultivars 

have since been used. The term cultivars were coined 

by seaweed farmers to refer to crops grown on farms. 

Cultivars are different from "varieties,” which pertain 

to an identity of taxonomic differentiation (Dumilag et 

al. 2023). 

The measurement of seaweed growth rates to 

select quality cultivars has been performed in different 

countries of Asia and in Brazil and South Africa 

(Simatupang et al. 2021; Rama Rama et al. 2018; 

Tandel et al. 2017; Kotiya et al. 2011; de Paula et al. 

2002; Gerung and Ohno 1997; Ohno et al. 1994). In 

the Philippines, studies to select fast-growing cultivars 

have been done mostly in Bohol, Pangasinan, 

Zamboanga City, Sulu, and Lanao del Norte (Orbita 

2013; Hurtado et al. 2012; Borlongan et al. 2011; 

Luhan and Sollesta 2010; Naguit et al. 2009; Trono et 

al. 2000; Dawes et al. 1994; Trono and Luisma 1992; 

Trono and Ohno 1989; Doty 1987; Parker 1974). In 

most of these studies, variabilities in the growth 

performance of Kappaphycus and Eucheuma in 

relation to species and cultivar types, seasons, and 

planting sites were recorded. 

 

 

METHODS 

 

Study Sites and Experimental Species 

The branch culture of seaweed cultivars is 

maintained at Palawan State University-Marine 

Science Research Center (PSU-MSRC), Tiniguiban, 

Puerto Princesa City (9º46’32.0” N; 118º43’58.0” E). 

The field-testing sites were located in Green Island, 

Tumarbong, Roxas (10º15’46.9” N; 119º29’31.0” E), 

and Sitio Amogues, Calawag Bay, Taytay, Palawan 

(10º43’03.1” N; 119º36'16.5" E) (Figure 1). The 

planting site in Green Island, Roxas, is nearshore-

exposed with an average sea surface temperature of 

30ºC and salinity of 36‰. The dissolved Oxygen was 

4.9 mg. L-1. In Amogues, Taytay, the farm is 

nearshore-sheltered, with an average sea surface 

temperature of 31ºC, salinity of 35‰, and dissolved 

Oxygen of 5.5 mg. L-1. 

 The six cultivars being cultured at PSU-

MSRC and vegetatively cultivated in Puerto Princesa 

Bay were used in this study. These included the 

Kappaphycus alvarezii cultivar “tambalang” from the 

land-based seaweed culture facility of the Bureau of 

Fisheries and Aquatic Resources (BFAR) in Giuan, 

Samar (14 May 2014); “lakatan” from Maranggas, 

Bataraza, collected on 14 February 2020; 

Kappaphycus striatus cultivars “sacol green” and 

“magnolia” from Green Island, Roxas (01 January 

2016; 21 January 2020 respectively); Eucheuma 

denticulatum cultivar “spinosum” from Honda Bay, 
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Puerto Princesa, and Panindigan, San Vicente (16 June 

2014; 21 January 2020, respectively) (Figure 2).  

 Control cultivars were used in Green Island, 

Roxas, and Amogues, Taytay, Palawan. These control 

cultivars refer to the types of Kappaphycus and 

Eucheuma being farmed at the planting sites during the 

course of the study. Particularly the K. alvarezii 

cultivar “cottonii” served as the control cultivar for 

“tambalang” and “lakatan” while the K. striatus 

cultivar “bukoy” and E. denticulatum cultivar “butay” 

for “sacol” green and “magnolia” and “spinosum’’ 

brown, respectively (Figure 3). Table 1 presents the 

summary of field-testing experiment conducted in 

Green Island, Roxas and Amogues, Taytay, Palawan.  

 
 

 

Figure 1. Map of the study sites in Palawan. The inset indicates the location of Palawan within the Philippines. 
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Figure 2. Seaweed cultivars used in this study “tambalang” (A); “lakatan” (B); “sacol” green (C); “magnolia” (D); “spinosum” 

brown from Honda Bay, Puerto Princesa; (E) and “spinosum” brown from San Vicente Palawan (F). Scale bar length: 7 cm. 
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Figure 3. Experimental lay-out of the field-tested cultivars at Green Island and Sitio Amogues in the municipalities of Roxas 

and Taytay, Palawan.  

 

Table 1. Summary of field-testing experiment conducted in Green Island, Roxas and Amogues, Taytay, Palawan. 

 

 
 

 

Measurement of Cultivars’ Daily Growth Rates 

The daily growth rates of at least 10 individual 

thalli per cultivar were measured at 15-day intervals 

per 45-days cropping cycle, covering 01 July to 30 

December 2021 and 01 July to 15 August 2022 for the 

wet season (225 days) and 16 February to 30 June 2022 

for the dry season (135 days). The DGRs per cropping 

cycle represent the average DGR of the three 

measurements done (every 15th, 30th, and 45th day of 

cultivation). The computed DGRs were compared 

among cultivars, between planting sites, and across 

planting seasons.  The % DGRs was computed using 

the formula recommended by Yong et al. (2013): 

𝐷𝐺𝑅 (%) = [(
𝑊𝑡 

𝑊0

)  ×
1

𝑡 − 1
]

× 100 

where Wt is the final weight, Wo is the initial 

weight, and t refers to days of culture. 

  A cropping calendar was developed, indicating 

the viable cultivars for cultivation on farms. This 

included cultivars with DGRs higher than those of the 

control cultivars. 

 1 

Sites Activities 

Cultivars 

Duration of Culture 

Number of Cropping 

Cycles 

Field-tested Control 
Wet 

Season 

Dry 

Season 

Tiniguiban, 

Puerto Princesa 

City 

Mass 

propagation 

of seedlings 

 

 

tambalang 
lakatan 

sacol-green 

magnolia 
spinosum- brown PP 

spinosum-brown SV 

None  

 

24 July 2017 to 29 June 2021 
24 July 2020 to 19 June 2021 

24 July 2017 to 29 June 2021 

27 February 2020 to 29 June 2021 
27 March 2020 to 29 June 2021 

January 2021-29 June 2021 

 

 

 
 

 

Not 
recorded 

 

 

 

 
 

 

Not 
recorded 

 
Green Island, 

Roxas, Palawan 

 
Field-testing 

of the six 

cultivars 

tambalang 
lakatan 

sacol-green 

magnolia 
spinosum- brown PP 

spinosum-brown SV 

cottonii 
cottonii 

bukoy 

bukoy 
butay 

butay 

01 July 2021 to 30 June 2022  
5 

 
3 

Sitio Amogues, 

Taytay, 

Palawan 

Field-testing 

of the six 

cultivars 

16 August 2021 to 15 August 2022  

5 

 

3 
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Statistical Analysis 

 Descriptive statistics (i.e., averages and ranks) 

were employed to summarize the data. Statistical 

analyses were performed using RStudio software 

version 2021.09.0 (R Core Team 2018). All statistical 

testing was performed at α = 0.05. The assumption of 

normality was confirmed by the Shapiro-Wilk test. To 

determine the differences in the average DGRs among 

cultivars and species, the one-way ANOVA and the 

Tukey-Kramer (post-hoc) test were implemented. The 

T-test for independent samples was performed to test 

whether the average DGRs of cultivars differ 

significantly between planting sites and seasons. 

 

 

RESULTS 

 

Cultivars’ Daily Growth Rates 

 The mean daily growth rates of the six cultivars 

in two planting sites over eight cropping cycles (360 

days) are presented in Figure 4. Among these cultivars, 

“spinosum” brown from Puerto Princesa and “sacol” 

green had the highest mean DGRs, 4.28% and 4.10%, 

respectively. The “spinosum” brown from San Vicente 

followed with a mean DGR of 3.65%, then the “lakatan” 

(3.55%), and “magnolia” (3.26%). The “tambalang” 

obtained the lowest mean DGR with only 3.24%. A 

comparison of mean DGRs among cultivars (p < 0.001) 

and species (p = 0.008) revealed significant differences 

at alpha 0.05 , or significance level. Post-hoc results 

suggested that the mean DRG of “spinosum”- brown 

from Puerto Princesa was significantly higher than 

than that of “spinosum”-brown from San Vicente. 

Similarly, the mean DGR of “sacol”-green was 

significantly higher than that of "magnolia,” while 

“tambalang” and “lakatan” DGRs did not vary 

significantly with each other. Consequently, the 

cultivars of the species Eucheuma denticulam had 

significantly higher DGR compared to the cultivars of 

Kappaphycus striatus and the cultivars of 

Kappaphycus alvarezii. Between the K. striatus and K. 

alvarezii, the former had significantly higher DGR 

than that of the later.

 

 
 
Figure 4. Comparative mean percent daily growth rates of the six field-tested cultivars in Green Island, Roxas (top) and 

Amogues, Taytay (bottom), Palawan. Bar lines indicate the standard deviations. 
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Spatial and Seasonal Variations in Cultivars’ Daily 

Growth Rates 

The DGRs of cultivars in two planting sites, 

Green Island, Roxas, and Amogues, Taytay, in 

Palawan, are presented in Figure 5. Four cultivars 

obtained significantly different DGRs between 

planting sites. The “tambalang” (p = 0.010) and 

“magnolia” (p = 0.006) had DGRs of 3.26% and 

4.08%, respectively, in Green Island, Roxas, while the 

“spinosum” brown from Puerto Princesa (p < 0.001) 

and San Vicente (p < 0.001) in Amogues, Taytay, had 

DGRs of 4.86% and 4.45%, accordingly. In particular, 

except for the “tambalang”, all other cultivars planted 

in Green Island, Roxas had relatively higher DGRs 

than their respective control cultivars, the “cottonii” 

(2.84% DGR) for “lakatan and “bukoy” (1.73% DGR) 

for “sacol”- green and “magnolia”; and the “butay” 

(3.3% DGR) for “spinosum” brown PP, and “spinosum” 

brown SV. In Amogues, Taytay, the “lakatan” and 

“spinosum”- brown SV obtained a relatively lower 

DGRs than their respective control cultivars, the 

“cottonii” and “butay”, respectively.  
 

 

Figure 5. Comparative mean percent daily growth rates of field-tested and control cultivars (with asterisk) in Palawan with 

respect to planting sites. Bar line indicates the mean standard deviation. 

 

 

A comparison of cultivar DGRs between 

seasons (wet and dry) in Green Island, Roxas, and 

Amogues, Taytay, is shown in Figure 6. Three 

cultivars grown from Green Island, Roxas, obtained 

significantly higher DGRs during the wet season. 

These were the “tambalang” (p = 0.000; 3.98% DGR), 

“magnolia (p = 0.000; 4.57% DGR), and “spinosum”-

brown from Puerto Princesa (p = 0.006; 5.23% DGR). 

In Amogues, Taytay, all six cultivars obtained 

significantly higher DGRs during the wet season: 
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“tambalang” (p = 0.210; 3.17%DGR); “lakatan” (p = 

0.004; 4.15%DGR); "sacol"-green (p = 0.000; 

3.23%DGR); “magnolia” (p = 0.004; 2.69%DGR); 

“spinosum”- brown from Puerto Princesa (p = 0.000; 

3.97%DGR) and San Vicente (p = 0.00; 3.39%DGR). 

In general, the “lakatan”, “sacol”, and “magnolia” 

grew best during the months of July to December in 

Green Island, Roxas but only during the months of 

October to November in Amogues, Taytay. The two 

“spinosum” cultivars can be planted year-round in 

Green Island, Roxas, but in Amogues, Taytay, only 

during the months of August to December. The ideal 

season for “tambalang” planting in Green Island, 

Roxas, was from September to October, while in 

Amogues, Taytay, it is from October to November 

(Figure 7). Relative to the average DGRs of the control 

cultivars, a cropping calendar showing the 

recommended cultivars to be planted in the two sites at 

a particular cropping season is developed from this 

study (Figure 8). 
 

 

 
 

 

Figure 6. Comparative mean percent daily growth rate of seaweed cultivars in Green Island, Roxas (top) and Amogues, 

Taytay (bottom), Palawan with respect to cropping seasons (wet and dry). Bar line indicates the mean standard deviation. 

 



Dangan-Galon et al.: Seaweed fast-growing cultivars 

 

The Palawan Scientist, 16(2): 10-22   

© 2024, Western Philippines University 

 
18 

 
 

 

Figure 7. Comparative mean percent daily growth rate of seaweed cultivars in Green Island, Roxas (left) and Amogues, 

Taytay (right), Palawan with respect to cropping cycle (1 = 01 July-15 August 2021; 2 = 16 August-20 September 2021; 3 = 01 

October-15 November2021; 4 = 16 Nov-31 December 2021; 5 = 16 February-31 March 2022; 6 = 01 April-15 May 2022; 7 = 16 May 

-30 June 2022; 8 = 01 July-15 August 2022). Bar line indicates the standard deviation. 
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Figure 8. Cropping calendar recommended for seaweed cultivation in Palawan based from the selection dataset 

(average %DGRs) presented in this study. 

 

 

DISCUSSION 

 

Cultivars’ Daily Growth Rates 

The daily growth rates of cultivars differed 

among the three species. The E. denticulatum, had the 

highest growth rate compared to K. alvarezii, and K. 

striatus. In contrast, a similar study conducted in 

Bolinao, Pangasinan, revealed a higher DGR for K. 

alvarezii, 6.75% as opposed to only 5.06% for E. 

denticulatum (Dawes et al. 1994). The average DGR 

of K. alvarezii cultivars in this study, (3.39%) was 

relatively higher than those from Guimaras (2.06%) 

and Negros Oriental (2.44%) (Naguit et al. 2009), but 

lower than those from Pangasinan (6.75%) (Dawes et 

al. 1994); Zamboanga del Norte (3.52%) (Naguit et al. 

2009); Zamboanga City (5.01%) (Hurtado et al. 2012); 

and Lanao del Norte (4.88%) (Orbita 2013). As 

observed in this study, cultivars of K. alvarezii were 

more vulnerable to ice-ice disease and changing 

environmental conditions (e.g., such as prolonged high 

sea surface temperatures and abrupt moderate to strong 

rainfall). This negative shift over the years in the 

growth performance among farmed eucheumatoids 

can be attributed to genetic instability and 

modifications due to the vegetative manner of 

propagating these seaweeds (Brakel et al. 2021). The 

repetitive use of the same old-age planting material can 

result in the production of an inferior line of 

propagules that are genetically inferior (Dumilag et al. 

2003). The “cottonii” (Kappaphycus) propagules are 

highly preferred by farmers because of their higher 

market value, whether sold as fresh or raw dried 

seaweeds. The “spinosum” (Eucheuma), on the other 

hand, is less exploited for farming because of its lower 

market value and has retained its resistance to “ice-ice” 

disease, making it easier to propagate (De San 2012). 

The Eucheuma denticulatum produces volatile 

halocarbons (VHCs) when exposed to strong light and 
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carbon dioxide-deficient environments (Mtolera et al. 

1996). The VHCs act against microorganism 

infections, herbivore grazing, space competitors, and 

detrimental fouling by different kinds of epiphytes 

(Pang et al. 2015). 

 

Spatial and Seasonal Variabilities in Cultivars’ 

Daily Growth Rates 

The cultivars daily growth rates differed 

significantly between planting sites. This variability 

can be attributed to the location of seaweed farms in 

Green Island, Roxas, and Amogues, Taytay. It 

appeared that farm sites nearshore-exposed (in Green 

Island, Roxas) are more ideal for farming than the 

nearshore-sheltered sites (in Amogues, Taytay). These 

marine environment categories, including offshore and 

reef-protected areas, were recognized to discriminate 

ideal seaweed farms. Seaweed farm productivity in 

nearshore-sheltered coastal areas of tropical countries 

is extremely affected by rising upper surface ocean 

temperatures and is more susceptible to slowing water 

movement and the spread of diseases and pests 

Tullberg et al. (2022). 

The cultivars daily growth rates also varied 

across planting seasons. Higher growth rates of 

cultivars were attained during the rainy season, with 

optimum growth in October to November. During this 

period, the surface seawater was colder and more 

turbulent due to monsoon rains and winds. Such a 

condition, as previously reported, is ideal for seaweed 

growth (Azanza and Sa-a 1990; Orbita 2013; 

Simatupang et al. 2021). The lower growth rates during 

the dry season can be attributed to a warmer seawater 

surface temperature and the occurrence of ice-ice 

disease. This scenario was previously observed in the 

growth rates of K. alvarezii in Antique, Philippines 

(Hurtado et al. 2001) and Cam Ranh Bay, Vietnam 

(Hung et al. 2009) during the months of April and May. 

Several other factors such as water movement, salinity, 

dissolved oxygen, pH, and nutrient contents can 

likewise affect the growth performance of seaweed 

cultivars (Orbita 2013; Kasim et al. 2017; Perenrengi 

et al. 2020). 

The daily growth rates can be one of the criteria 

for seaweed selection in farming. The selected fast-

growing cultivars should be the ones recommended for 

mass cultivation on farms to increase farm yields. 

However, this is just one of the many approaches 

toward a sustainable seaweed farming operation in 

Palawan, or in the entirety of the country. Given the 

overall decreasing trend in cultivars’ growth 

performance over the years due to the changing climate, 

urgent action to characterize the seaweed farms in the 

province is highly suggested. Deteriorating seawater 

quality caused by local stressors or threats (i.e., sewage 

input, use of commercial fertilizer in seaweed farming) 

might have a significant impact on seaweed 

productivity. Site exploration to locate wild 

populations of Kappaphycus, Eucheuma, and other 

carrageenan-bearing seaweeds are equally important. 

Cultivars from the wild that are not yet exploited in 

farming, are genetically more viable and are good 

candidates for strain selection experiments. 

Nevertheless, the selected fast-growing cultivars from 

this study can be used for future micropropagation, 

tissue culture, and hybridization studies to advance the 

selection and dispersal of quality seedlings to the 

farmers of Palawan. 
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ABSTRACT 

 
A demersal stock assessment was conducted in Leyte Gulf from 24 April to 08 May 2020, 

within the 19 established fishing stations, using a bottom otter trawl with a 71 m length and a 43 m head 

rope.  This study focused on determining the total catch, catch composition, catch per unit effort (CPUE), 

and biomass. A total catch of 4.22 t comprised of 230 fish species and invertebrates which belongs to 74 

families was recorded in the survey. The majority of the catch belongs to family Leiognathidae, 

comprising 39.45%, followed by Lutjanidae, and Gerreidae, with 8.05% and 7.07%, respectively. Top 

species were Orangefin ponyfish Photopectoralis bindus with a composition of 25.49%, followed by 

Toothpony Gazza minuta (both are locally known as “sap-sap”), and Longfin mojarra Pentaprion 

longimanus “hubad” with 7.42%, and 5.80%, respectively. Mean CPUE and biomass were approximately 

222.08 kg hr-1 and 2.81 t km-2, respectively. A 68.26% increase in biomass compared to previously 

conducted study in 2014 of M/V DA-BFAR was recorded. The shifting of catch composition from 

economically valuable to low-valued, non-targeted, and small-sized species was observed. A continuous 

resource assessment activity is essential to determine the changes in fishing patterns, catch rates, and 

catch composition, which will serve as a basis for policy formulation and future management plans and 

measures.   

 

Keywords: biomass, CPUE, trawl, Photopectoralis bindus 

 
 

 

 

INTRODUCTION 

 

Leyte Gulf is among the significant fishing 

grounds in the Philippines, covering the islands of 

Samar and Leyte, including San Pedro Bay with an 

area of 2,724 km2 (Tan et al. 2017; Francisco et al. 

2018; BFAR 2018). The gulf serves as the primary 

source of food, income, and livelihood for many 

coastal fishers in the area (Tan et al. 2017). According 

to Francisco et al. (2018), the average annual fish catch 

from 2001 to 2011 in the gulf was estimated at 

18,308.2 tons (t). Further, as indicated in their study, 

the trawl fishing gear contributed 16.61% and 4.01% 

of catch percentages from commercial and municipal 
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fisheries in Leyte Gulf, respectively. However, the use 

of trawl fishing gear is prohibited under Fisheries 

Administrative Order (FAO) 201, series of 2000. 

While it is prohibited, continued fishing operation 

utilizing trawl fishing gear within the gulf was 

observed. As mentioned by Kelleher (2005) and 

Francisco et al. (2018), trawling is one of the most 

destructive ways of fishing and often leads to 

overfishing and its operation destroys coral reefs and 

seagrass beds located in the municipal waters.  

Globally, several studies about trawl fisheries 

and demersal stock assessment were conducted, that 

includes the analysis of Warfel and Manacop (1950) 

in the Philippine waters; Silvestre et al. (1987) in 

Manila Bay; Biradar (1987) in Karnataka Coast, India; 

Pauly (1988) in Southeast Asia; Smith et al. (2000) in 

Eastern Mediterranean; Valinassab et al. (2006) in 

Persian Gulf and Oman Sea; Madrid-Vera et al. (2007) 

in Southern Gulf of California; Fraser et al. (2007) in 

North Sea; Hashemi and Valinassab (2011) in West 

Northern of Persian Gulf Water; Diocton (2016) in 

Samar Sea; Bendaño et al. (2017) in Manila Bay and 

Hosseini et al. (2018) in Persian Gulf, Iran. However, 

published studies particularly in Leyte Gulf in the 

Philippines are scarce.  

 In 2014, trawl fishing research in Leyte Gulf 

recorded a demersal stock biomass of 1.67 t km-2 (Dela 

Cruz 2014), which served as a baseline study as there 

is no other available recent comprehensive survey in 

the gulf. However, from 1984 to 1988, Edralin et al. 

(1992) conducted a survey in the area but data on trawl 

landings were only gathered from fish landing centers. 

This study was conducted to provide information on 

the status of demersal fisheries in Leyte Gulf. 

Specifically, the study aimed to determine the total 

catch, catch composition, CPUE, and biomass. The 

result of this study could be used as the basis for policy 

formulation, future management plans, and measures 

for sustainable and optimal utilization of resources. 

  

 

METHODS 

 

Study Site  

 A trawl fishing survey was conducted 

onboard M/V DA-BFAR, a 60 meters (m) and 1,186 

gross tonnage (gt) multi-purpose vessel operated by 

the Bureau of Fisheries and Aquatic Resources (BFAR) 

from April 24 to May 8, 2020. The sampling was 

conducted within 19 established fishing stations, 

situated between the coordinates of 10°31'28.20"N to 

11° 8'11.04"N Latitude and 125° 3'52.98"E to 

125°39'47.39"E Longitude (Table 1) within the 

vicinities of the northern (Tacloban City, Palo, 

Tanauan, Tolosa, Dulag) and southern parts of Leyte 

(Silago, Abuyog, Mc Arthur), and the eastern part of 

Samar (Manicani Island, Giporlos, Balangiga, Maslog) 

(Figure 1).  
 

 

Table 1.  Coordinates of the 19 established fishing station in Leyte Gulf, Philippines.  

 

Station 

Number 

Start End 

Start dragging 

(Latitude, N) 

Start dragging 

(Longitude, E) 

End dragging 

(Latitude, N) 

End dragging 

(Longitude, E) 

1 11°03.530' 125°07.660' 11°05.370' 125°03.310' 

2 10°56.280' 125°06.570' 10°52.750' 125°09.560' 

3 10°46.840' 125°04.020' 10°51.730' 125°03.050' 

4 10°45.060' 125°36.850' 10°49.660' 125°34.170' 

5 10°57.230' 125°32.190' 10°55.180' 125°27.170' 

6 10°52.970' 125°28.960' 10°56.870' 125°24.930' 

7 10°53.280' 125°20.930' 10°58.710' 125°16.000' 

8 10°59.540' 125°20.930' 11°03.780' 125°18.010' 

9 10°57.650' 125°27.470' 11°01.840' 125°25.840' 

10 10°53.060' 125°38.200' 10°54.590' 125°33.450' 

11 11°00.860' 125°13.380' 10°56.330' 125°10.250' 

12 10°54.860' 125°03.190' 10°59.050' 125°05.310' 

13 10°49.590' 125°16.880' 10°53.410' 125°13.090' 

14 10°47.420' 125°32.330' 10°45.330' 125°27.230' 

15 10°50.230' 125°21.280' 10°47.930' 125°25.100' 

16 10°46.980' 125°11.110' 10°51.310' 125°13.040' 

17 10°41.160' 125°15.810' 10°45.580' 125°18.890' 

18 10°39.400' 125°13.760' 10°37.600' 125°19.110' 

19 10°32.670' 125°15.280' 10°35.300' 125°19.550' 

 
 

 



Salazar et al.: Demersal stock assessment in Leyte Gulf 

 
The Palawan Scientist, 16(2): 23-33 

© 2024, Western Philippines University  

25 

 

Figure 1. Map showing the 19 established trawl sampling stations in Leyte Gulf, Philippines.  

 

Sampling 

 An otter trawl measuring about 71 m in 

length with a head rope of 43 m was used during the 

survey. Initially, all stations were verified by tracking 

the area using an acoustic sounder to ensure its 

suitability for trawl operations. Trawling was done 

during the daytime and dragging time was maintained 

at one hour or whenever possible (trawl operations are 

vulnerable to unexpected damage to the gear during 

dragging). Trawl operations were assisted by M/V 

DA-BFAR officers and crew for manpower. Fishing 

details and other relevant data were recorded in 

specific forms. Depth, dragging speed, and dragging 

duration are reflected in Table 2.  

Catch was poured on deck, if the total catch 

was workable, all the catch was treated as samples. 

However, if not, samples were mixed homogenously 

to avoid bias and sub-samples were taken randomly 

from this. Samples were categorized as population 

(big and rare species) and sub-samples. Big-sized fish 

individuals quickly taken from the pile first and was 

separated, identified, and weighed. Sub-samples were 

segregated according to groups and was identified to 

the nearest possible taxon with the aid of various fish 

identification guides (Nakabo 2002; Allen et al. 2003; 

Gonzales 2013; Alava et al. 2014). The weight of 

every species in the sub-samples per station were 

subsequently raised from the total catch. 
 

 

Data Analyses   

The total catch in tons (t) was computed by 

adding the catch of all sampling stations. Catch 

composition was categorized by species and family, 

calculated by dividing the weight of specific species or 

families by the total catch weight, and then multiplied 

by 100 to determine the relative abundance (%). 

For calculating the CPUE values, the total 

catch weight (kg) was divided by the dragging 

duration in hours (hr).  

 

Formula 1: 

CPUE = 
total weight (kg)

dragging duratin (hr)
 

 

The Biomass in tons per square kilometers (t 

km-2) was computed following the concept of swept 

area method and expressed as; 

 

Formula 2: 

B=2
catch (t)

swept area
   

 Two (2) is constant (the catch rate is twice the 

standing biomass to account for escapement) (Sparre 

and Venema 1998). 

The swept area method was estimated as 

follows: 

 

Formula 3: 

 

a = D*hr* X2, where D= V*t 
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Where (a) total area swept by the gear; (D) 

distance swept, (V) velocity of the trawl over the 

ground when trawling, (t) time spent for trawling, (hr) 

is the length of the head rope and X2 is the fraction of 

the head rope length which is equal to the width of the 

path swept by the trawl and the wing spread. The value 

of X2 used was 0.5 as a compromised value suggested 

by Bendaño et al. (2017). Data consolidation and 

analysis were done using Microsoft Excel. The results 

are presented in tables and graphs. 
 

 

Table 2.  Average depth (m), dragging speed (km hr-1) and dragging duration (hr) of each station during trawl survey in Leyte 

Gulf.  
 

Stations Depth (m) Dragging Speed (km hr-1) Dragging Duration (hr) 

1 28 7.22 1.00 

2 42 7.22 1.00 

3 38 7.41 1.00 

4 89 7.96 0.98 

5 88 7.59 1.05 

6 100 7.04 1.02 

7 101 7.59 1.78 

8 76 7.04 1.03 

9 89 7.41 0.67 

10 94 6.85 1.00 

11 60 7.22 1.02 

12 24 7.04 1.00 

13 93 7.41 1.00 

14 103 8.52 1.03 

15 111 7.41 1.02 

16 75 6.30 0.98 

17 101 7.22 1.03 

18 89 7.59 1.12 

19 96 6.11 1.10 

Average 79 7.27 1.04 

 

RESULTS 

 

Total Catch  

This trawl survey recorded a total catch of 

4.22 t of fish and invertebrates with about 33,839 

individuals belonging to 74 different families, which 

comprised 230 identified species (202 fishes, 7 

cephalopods, 11 crustaceans, 6 echinoderms, and 4 

mollusks) however, 14 samples or 5.74% remained 

unidentified.  

 

Catch Composition 

The majority of the catch belongs to Family 

Leiognathidae (locally known as “sap-sap”), 

comprising 39.45% (12 species), followed by 

Lutjanidae “maya-maya”, and Gerreidae “amurok”, 

with 8.05% (6 species), and 7.07% (5 species), 

respectively. Additionally, other families such as 

Mullidae “salmonyete” (5.64%, 6 species), 

Nemipteridae “bisugo” (4.92%, 15 species), and 

Carangidae “talakitok” / “matambaka”, “galunggong” 

and “tonto” (4.64%, 24 species), and Dasyatidae “pagi” 

(4.09%, 3 species) also dominated the catch (Figure 2). 

The occurrence of families Loliginidae “pusit”, 

Carcharinidae “pating”, and Myliobatidae 

“pagi”/eagle ray were recorded. Further, the 

dominance of the non-commercially important family 

like Fistularidae was also documented.  

The Orangefin ponyfish Photopectoralis 

bindus dominated the catch during the recent survey in 

Leyte Gulf with a composition of 25.49%, followed by 

Toothpony Gazza minuta, and Longfin mojarra 

Pentaprion longimanus with 7.42%, and 5.80%, 

respectively. The presence of shark (Silky shark 

Carcharinus falciformis) (0.98%) and stingray 

(Jenkins whipray Pateobatis jenkinsii) (3.55%) 

species, as well as the Indian squid Uroteuthis 

duvaucelli (1.07%) were noted in top 20 dominant 

species (Figure 3). Aside from the top 20 dominant 

species in the area, the gulf is also rich in highly 

valued/commercially important species such as 

Yellow spotted trevally Carangoides fulvoguttatus 

(0.08%), Areolate grouper Epinephelus areolatus 

(0.3%), Narrow-barred spanish mackerel 

Scomberomorus commerson (0.24%), Yellowtail 

amberjack Seriola lalandi (0.63%), and Black-banded 

trevally Seriolina nigrofasciata (0.58%).  
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Figure 2. Top 10 families caught during the trawl survey in Leyte Gulf. 

 
 

Figure 3. Top 20 species during trawl survey in Leyte Gulf. 



Salazar et al.: Demersal stock assessment in Leyte Gulf 

 
The Palawan Scientist, 16(2): 23-33 

© 2024, Western Philippines University  

28 

Catch Per-Unit-Effort (CPUE) 

The CPUE varies in every station during the 

recent trawl fishing survey in the gulf. An average 

CPUE of 222.08 kg hr-1 was recorded. Noticeably, 

Station 9 recorded the highest CPUE among other 

stations with 74.20 kg hr-1, while the lowest was at 

Station 19 with 8.90 kg hr-1 (Figure 4). 

Biomass  

As shown in Figure 4, the computed biomass 

in every station differs from each other, with Station 9 

having the highest (9.97 t km-2) and Station 19 having 

the lowest (0.14 t km-2). The recorded average biomass 

was at 2.81 t km-2. 

 

 

Figure 4. Computed Catch Per-Unit-Effort (CPUE) and biomass per station in Leyte Gulf, Philippines. 

 

DISCUSSION 

 

Total Catch  

The total recorded catch in this study was 

4.22 t which is found to be much higher than the 

previous survey in 2014, with 3.10 t (36.13% 

increased). On the contrary, Edralin et al. (1992) 

documented a relative decline in catch of 99.7% from 

the five-year fish landing survey in Leyte Gulf from 

1984 to 1988. Additionally, the result of this study is 

much higher than the recorded catch from West 

Basilan-Sulu Shelf and Turtle Island, Tawi-Tawi, with 

only 2.48 t and 0.67 t total catch, respectively 

(Ramiscal et al. 2008; Dela Cruz 2016). However, the 

total catch in the gulf was found to be lower than in 

Manila Bay (Bendaño et al. 2017) and Samar Sea 

(Diocton 2016), with 8.14 t and 298.5 t, respectively. 

This could indicate that the stocks are recovering due 

to a combination of management measures in Leyte 

Gulf, as discussed in the works of  Pipitone et al. 

(2000), McClanahan et al. (2006 a, b), Samoilys et al. 

(2007), Alcala et al. (2008), Yamazaki et al. (2014), 

and Chirico et al. (2017).  

 

Catch Composition 

 The Family Leiognathidae dominated the 

catch in Leyte Gulf, specifically the species of P. 

bindus and G. minuta. Similarly, in San Miguel Bay, 

the dominance of the small-sized Leiognathids such as 

P. bindus, Secutor ruconius, and S. insidiator was 

noted (Pauly and Mines 1982). In Lingayen Gulf, 

Leiognathidae was the top family in trawl catches 

during the late 1940s, 1970s, and 1980s (McManus 

and Chua 1990).  

The P. bindus, and G. minuta belongs to a 

low trophic level (3 and 4.2, respectively) which are 

smaller in size and non-targeted (Murugesan et al. 

2012). In comparison, herbivores and detritivores are 

assigned to a trophic level 2, while most marine 

mammals comprise a trophic level ranging from 3 to 5 

(Trites 2019).  The dominance of Leiognathids in the 

Lingayen Gulf is an indication that the demersal stocks 

are heavily fished (Villoso and Aprieto 1983). In 1988, 

Edralin et al. (1992) stated that Carangidae and 

Scombridae dominated the catch, with Decapterus 

macrosoma and Rastrilleger kanagurta as the most 

dominant species in Leyte Gulf. However, in this 

study, these families only ranked 6th and 13th, 
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respectively. The decrease in the composition of 

targeted fish families like Carangidae and Scombridae 

was notable in the Samar Sea, with an increasing 

composition of non-targeted species (e.g., 

slipmouths/ponyfish) (Dela Cruz and Gino 2017). 

With these findings, annual resource assessment 

activity within the gulf is needed to determine the 

changes in fishing pattern, catch rates and catch 

composition. 

The shifting of catch composition from 

economically valuable species to low-valued species 

and the dominance of low trophic level species 

suggests an overexploited fishing ground and 

deterioration in fisheries (Edralin et al. 1992; Bendaño 

et al. 2017). This situation also happened in the Gulf 

of Thailand (Supongpan 2001). Additionally, various 

studies claimed that the increased in the abundance of 

forage or bait fish is mainly due to the cascading 

effects caused by decreasing predator abundance 

because of human exploitation (Carscadden et al. 2001; 

Worm and Myers 2003; Coll et al. 2013; Christensen 

et al. 2014). Moreover, a decreasing trend of trawl 

landings and fish catch noted in the gulf was mainly 

due to recruitment overfishing, the occurrence of 

illegal fishing in the area, and the number of fishers 

(Edralin et al. 1992, Francisco et al. 2018). The 

dominance of Leiognathids in the area and the 

presence of some high-valued species suggest that 

some part of the area is replenishing its stock. A 

diverse number of species identified in this study is 

comparable with the studies of Ramos et al. (2018) but 

much lower than Olaño et al. (2009 a, b) and Dela Cruz 

and Gino (2017). On the other hand, the results were 

found to be higher than other studies (Table 3). This 

study proved that the Leyte Gulf harbors an abundance 

of marine resources. According to Francisco et al. 

(2018) and Tan et al. (2017), the gulf is the principal 

fishing grounds in the Philippines, and it serves as the 

source of livelihood, food, and income for many of the 

coastal communities. Relative to this, a socio-

economic survey should be conducted to distinguish 

the profit of the fisherfolks that mainly rely on the 

resources of the gulf. 

 

 

Table 3. Different trawl study areas in the Philippines with number of family and species observed. 

 

Catch-Per-Unit-Effort (CPUE)  

 The CPUE is an index of the abundance of 

supply in the wild and an important indicator for the 

fishery (Hoggarth et al. 2006), usually obtained by 

interviewing fishers upon landing their catch. In this 

study, the CPUE was based on an actual trawl fishing 

operation. The average CPUE (222.08 kg hr-1) 

recorded is much higher than the results of Francisco 

et al. (2018) with 27.7 kg hr-1, Ramiscal et al. (2008) 

with 61 kg hr-1, and Bendaño et al. (2017) with 79.6 kg 

hr-1. The station with the highest CPUE recorded was 

mainly due to the higher total catch and shorter 

dragging time among other stations. It is worth noting 

that Station 19, located in the southern part of Leyte, 

recorded a high abundance of Lutjanus malabaricus. 

As this assessment is limited to a one-hour dragging 

duration at each station, it is advisable to perform 

observations and sampling on the municipal boats and 

gears operating in the gulf to yield a more 

comprehensive dataset for calculating CPUE. 

 

Biomass 

The recorded average biomass in this study 

(2.81 t km-2) was about 68.26% higher than the average 

biomass recorded during the 2014 trawl survey in the 

area (Dela Cruz 2014). In comparison with the 

demersal trawl survey conducted by M/V DA – BFAR 

in various fishing grounds in the Philippines, the 

average biomass of Leyte Gulf during the recent study 

was found to be higher than Davao Gulf, which only 

had an average biomass of 0.13 t km-2, and the Visayan 

Sea with 1.63 t km-2 and 1.55 t km-2 average biomass 

during the 2007 and 2016 surveys, respectively. The 

highest biomass in the country was estimated in Samar 

Sea (3.72 t km-2) and West Basilan-Sulu Shelf (3.69 t 

km-2). The computed biomass of other significant 

fishing grounds was reflected in Table 4. 

Assessment of the status of fisheries using 

trawl surveys in various major fishing grounds in the 

Philippines began in the late 1950s up to these days. 

Area No. of Family No. of Species Author 

Lingayen Gulf 80 166 Aprieto and Villoso 1982 

Turtle Islands, Tawi-Tawi 50 150 Ramiscal et al. 2008 

Sorsogon Bay 73 270 Olaño et al. 2009a 

Lagonoy Gulf 106 658 Olaño et al. 2009b 

West Basilan-Sulu Shelf 55 184 Dela Cruz 2016 

Samar Sea - 117 Diocton 2016 

Manila Bay 48 146 Bendaño et al. 2017 

Visayan Sea 81 247 Dela Cruz and Gino 2017 

Tayabas Bay 58 230 Ramos et al. 2018 

Leyte Gulf 74 230 This study 
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The recorded biomass in this study is comparable with 

the results in Imuruan Bay and Bacuit Bay in Palawan 

(Ronquillo and Gabral-Llana 1987) but relatively 

higher in other previous studies in the Philippines 

(Table 5). The increase in biomass is a result of the 

implementation of various management measures in 

Leyte Gulf, such as the establishment of marine 

reserves and implementation of several laws and 

ordinances. No-take zones were used in marine 

reserves as a conservation and the management 

strategy for the sustainability of marine resources 

(Yamazaki et al. 2014). In the report of Alcala et al. 

(2008), Leyte and its associated islands have 77 no-

take zone marine reserves. The Binangalan and Sag-

ang Fish Sanctuaries were the two established marine 

reserves in Leyte Gulf.  Moreover, the establishment 

of community Marine Protected Areas (MPAs) 

increases the biomass and size of reef-associated fish 

and the density of fish families (McClanahan et al. 

2006; Samoilys et al. 2007; McClanahan et al. 2016b; 

Chirico et al. 2017). As part of the management 

measures, the Local Government Unit (LGU) of Leyte 

created Ordinance No. 02, Series of 2017, “Amended 

municipal basic fishery ordinance of the Municipality 

of McArthur, Leyte”. In pursuant to Fisheries 

Administrative Order 201, series of 2000 and provided 

in Department of Agriculture - Administrative Order 

No. 10, series of 2015, the ban on fishing with active 

gears within the municipal waters, bays, and fishery 

management areas was implemented nationwide. A 

year-round trawling ban and illegal fishing regulations 

are suitable for fish biomass increase (Pipitone et al. 

2000; Yamazaki et al. 2014). During the survey, law 

enforcers approached the vessel since it was publicly 

known that trawl is an active gear and is prohibited.  

 

 

Table 4. Computed biomass (t km-2) of the demersal trawl survey conducted by M/V DA-BFAR in various fishing grounds. 

 

Fishing Ground Year Biomass (t km-2) Authors/Source 

Visayan Sea  
2003 2.08 MV DA-BFAR, GTZ  

2007 1.63 MV DA-BFAR, UPV, Guests  

Turtle Island, Tawi-Tawi 
2008 2.35 MV DA-BFAR  

2011 2.24 MV DA-BFAR  

Visayan Sea  
2013 

3.09 MV DA-BFAR, BFAR 5,6,7,8  

Samar Sea  3.72 MV DA-BFAR, BFAR 5,6,7,8  

Davao Gulf 2014 0.13 MV DA-BFAR, BFAR-XI 

West Basilan-Sulu Shelf 2015 3.69 MV DA-BFAR, BFAR 9 & ARMM  

Visayan Sea 

2016 

1.55 MV DA-BFAR, BFAR 5,6,7,8 

Samar Sea 2.24 MV DA-BFAR, BFAR 5,6,7,8 

Palawan 3.20 MV DA-BFAR, NFRDI, NSAP  

Visayan Sea 
2017 

2.77 MV DA-BFAR, BFAR 5,6,7,8 

Samar Sea 1.80 MV DA-BFAR, BFAR 5,6,7,8 

Leyte Gulf 2020 2.81 This study 

 

Table 5. Computed biomass (t km-2) of the demersal trawl survey in other fishing grounds in the Philippines. 

Fishing Ground Year Biomass (t km-2) Authors/Source 

Manila Bay 1947 4.61 Warfel and Manacop 1950 

1968-72 1.71 Silvestre et al. 1987 

Malampaya Sound, 

Palawan 

1977-78 6.5-9.7 Ronquillo and Gabral-Llana 1987 

Imuruan Bay, Palawan 2.0-2.8 

Bacuit Bay 2.7-3.8 

Manila Bay 0.8-1.2 

Lingayen Gulf 1978-79 1.33 Villoso and Aprieto 1983 

San Miguel Bay 1979-82 2.13 Mines et al. 1986 

San Pedro Bay 1994-95 1.73 Armada 1996 

Manila Bay  2014 0.32 Bendaño et al. 2017 

2015 0.48 

Leyte Gulf 2020 2.81 This study 
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However, the objective of the survey was later 

explained to the enforcers which is for research 

purposes only. These management measures, along 

with strong enforcement, may have contributed to the 

increase in biomass in the area. 

The shifting of catch composition from 

economically valuable species to low valued, non-

targeted and small-sized species is notable in the gulf. 

The presence of Leiognathids as a dominant species 

signifies that the area is already over-exploited. High 

CPUE recorded in the area is mainly due to higher 

catch with shorter dragging time. Further, the increase 

in biomass is documented in Leyte Gulf based on 2014 

to recent year of trawl survey. These findings suggest 

to have a continuous observation and strict 

implementation of the existing laws and regulations to 

prevent the decline of fishery resources in the gulf.  
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ABSTRACT 

 
The COVID-19 pandemic has changed the educational system, wherein the students' learning 

process has been confronted with many factors that could affect their academic performance.  Thus, this 

study aimed to determine the student’s academic performance and its predictors during the COVID-19 

pandemic. A total of 143 students from a state university in Cagayan Valley, Philippines participated in 

the study by completing an online questionnaire via Google Forms. Multiple regression analysis was 

conducted to determine the predictors of academic performance. The results revealed that despite the 

pandemic, the students had shown very satisfactory academic performance. Moreover, certain socio-

economic factors emerged as significant factors. These factors included monthly household income, the 

number of siblings employed, and the father's employment status. Hence, teachers might design 

instructional activities and strategies that actively promote equity within the classroom.  

 

Keywords: academic shift attitude, readiness, self-efficacy, self-esteem, socio-economic status 
 

 

 
 

INTRODUCTION 

 

The World Health Organization (WHO 2020) 

declared the coronavirus pandemic a Public Health 

Emergency of International Concern on 11 March 

2020. The pandemic has affected education in many 

ways, as it has proven to be a challenge for education 

systems around the globe. In 195 nations, school 

closures impacted 1.5 billion children and youth by 

April 2020, with 1.3 billion students in 186 nations 

still unable to attend school. Over 65% of the 195 

nations that closed schools in April 2020 have yet to 

finalize plans for resuming face-to-face instruction 

(UNESCO 2020). The pandemic forced schools and 

universities to innovate adopting online classes and 

learning modules to ensure continuous, high-quality 

education (World Economic Forum 2020). 

Asynchronous learning in digital media is 

recommended to enhance remote teaching, 

supplemented by diverse activities and projects 

contextualizing COVID-19 historically and globally 

(Daniel 2020). Alternative learning platforms such as 

electronic and non-electronic learning methods, 

should be utilized to achieve the course outcomes 

(CHED 2020).  

In the Philippines, the Commission on Higher 

Education (CHED) implemented flexible learning in 

all public and private Higher Education Institutions 

(HEIs) through Memorandum Order No. 04 in 2020. 

This aimed to address the challenge of virus 

Original Article 
 

Predictors of students’ academic 

performance during the COVID-19 

Pandemic  
 

Marisol S. Foronda * and Ryan P. Salviejo  
 

Isabela State University, Cauayan Campus 

*Correspondence: marisolsforonda@gmail.com  

 

 

Received: 10 Jan. 2023 || Revised: 06 Nov. 2023 || Accepted: 01 April 2024 

Available online 15 July 2024 

 
This article is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License 

 

©Western Philippines University 
ISSN: 1656-4707 
E-ISSN: 2467-5903 
Homepage: www.palawanscientist.org  

https://doi.org/10.69721/TPS.J.2024.16.2.04
mailto:marisolsforonda@gmail.com
https://orcid.org/0000-0002-3757-5516
https://orcid.org/0000-0003-0415-0455
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://www.palawanscientist.org/


 Foronda and Salviejo.: Predictor’s of students’ academic performance 

  

The Palawan Scientist, 16(2): 34-46 

© 2024, Western Philippines University 

 
35 

transmission within the academic community. The 

Commission adopted a policy of a flexible learning 

system to ensure the continuation of inclusive and 

accessible education when traditional modalities of 

instruction are not feasible, such as during national 

emergencies (CHED 2020). The design of programs 

addresses learners' individual needs in terms of place, 

pace, process, and learning but is not solely focused on 

using technology. The schools must use available 

distance learning, e-learning, and other alternative 

delivery modes in residential education, if they have 

the resources to do so. Along with the standard course 

material, teachers are advised to incorporate various 

activities and projects contextualizing COVID-19 into 

their curriculum. 

However, the inability to fully experience 

university life was hampered by home confinement, 

impacting academic study and limiting the ability to 

gain social support for coping with the challenges of 

the university environment (Elmer et al. 2020; Sun et 

al. 2020). The impacts of the COVID-19 outbreak 

have also affected the student's academic performance, 

particularly with the shift to distance education 

replacing traditional face-to-face instruction. 

Lockdowns significantly impacted students’ learning 

performance (Kapasia et al. 2020). Students reported 

various difficulties during online classes, including 

social exclusion, sadness, bad internet, and hostile 

home learning environments, which are made worse 

for those from disadvantaged backgrounds (Kapasia et 

al. 2020). In another study, students believed online 

education was unsuccessful due to difficulties like a 

lack of student social engagement, inadequate 

communication, ICT tools, and subpar academic 

results (Adarkwah 2021). 

 The widespread impact of COVID-19 on 

education that led to the closure of universities and 

schools has disrupted educational stability worldwide, 

potentially harming students' mental and emotional 

health, which may alter their attitude, readiness, self-

efficacy, and self-esteem, which could affect their 

academic performance (Copeland et al. 2021; Fawaz 

et al. 2021). A Chinese study found that the COVID-

19 pandemic had a psychological impact on 

approximately 25% of college students, who 

experienced anxiety of varying severity levels, 

substantially connected with adverse effects on 

everyday living and academic performance (Cao et al. 

2020). Similarly, an investigation found that students 

exhibited higher anxiety and depressive symptoms 

than university staff (administrative and teaching 

staff), indicating that students were the most affected 

psychologically by the COVID-19 health emergency 

(Odriozola-Gonzalez et al. 2020). Students' high levels 

of symptomatology appeared to be exacerbated by 

uncertainty and the possible detrimental influence on 

academic development. Another study discovered that 

students were anxious about their education, exams, 

progression to the next academic year, and overall 

well-being (Cuschieri and Calleja 2020).  

Consequently, the pandemic has impacted 

student's socio-economic status due to retrenchment. 

The financial consequences exacerbated existing 

educational disparities, which could hinder progress 

toward higher education aspirations (Cao et al. 2020). 

The COVID-19 pandemic highlighted differences in 

the availability and quality of learning technologies in 

the United States education system, wherein low-

income and minority students and their families were 

disadvantaged regarding full access to hardware and 

software technologies for learning (Gandolfi et al. 

2021). Moreover, an undergraduate medical students 

survey (Saraswathi et al. 2020) discovered a 

substantial increase in stress and anxiety levels, with 

depression remaining unchanged during COVID-19, 

regardless of gender, year of study, place of residence, 

or family monthly income; poor sleep quality and 

higher baseline levels of anxiety, stress, and 

depression were significant predictors of adverse 

mental health. Students needed psychological 

preparation for such a transition, making them more 

anxious about their success in an unfamiliar learning 

environment. This psychological impact may result in 

changes to their attitude, readiness, self-efficacy, and 

self-esteem, which could affect their academic 

performance. Furthermore, students' socio-economic 

status may play a great importance in the success of 

their academic performance. The shift in the 

educational system brought about by the pandemic 

gives rise to a new level of student academic 

performance predictors. Hence, this current study aims 

to investigate students' academic performance and its 

predictors during the COVID-19 Pandemic. 

 

 

METHODS 

 

Research Design 

This study utilized retrospective predictive 

quantitative non-experimental research (Johnson 2001) 

to predict students' academic performance during the 

pandemic. The term “retrospective” indicates that 

academic performance data from the previous 

semester were collected without manipulation or 

experimentation. The study's variables, framed within 

the Independent Variable-Dependent Variable 

framework (Figure 1), aimed to identify predictors of 

academic performance during the COVID-19 

pandemic. The predictors included socioeconomic 

status, academic shift attitude, readiness, self-efficacy, 

and self-esteem. 
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Figure 1. Predictors of academic performance model. 

 

Sample and Sampling Technique 

This study involved 143 regular tertiary 

students with a 21unit load from a state university in 

Cagayan Valley, Philippines. Tabachnick and Fidell's 

formula (2013) determined the sample size, 

considering the number of independent variables.  The 

researchers used: N > 50 + 8m, where m is the number 

of independent variables. The formula is 8 (m) + 50 = 

N; the letter N is the number of minimum respondents. 

With five (5) identified independent variables, the 

minimum sample size of respondents was 90, but to 

account for potential outliers and meet the requirement 

for multiple regression, a sample size of 143 was 

considered in this study (Fidell et al. 2003). The 

sampling technique ensured equal representation 

through simple random sampling using an online 

random number generator. 

 

Instruments 

Academic performance. The General 

Weighted Average (GWA) during the first semester of 

the academic year 2020-2021 measured student's 

academic performance. The GWA was computed 

based on the average grade, unit values, and standard 

computation in the university. The GWA of the 

students was retrieved from the Office of the Dean and 

verified from the Office of the Registrar to ensure the 

reliability and validity of data. Informed consent from 

the students and approval from the Head of Office 

were secured so as not to violate the students' data 

privacy.   

Predictors of academic performance. 

Profile predictors included sex, religion, and ethnicity. 

The socio-economic status had 12 categories: 

homeownership, household income, father's 

educational attainment, father's employment status, 

mother's educational attainment, mother's status of 

employment, number of siblings, siblings are 

employed, siblings are studying, and number of 

available gadgets. 

The Academic Shift Attitude predictor was 

measured using a questionnaire of 20 positive 

statements relating to technological, instructional, and 

emotional aspects. Similarly, the readiness instrument 

included 20 positive comments encompassing the 

learning readiness activities of the students during the 

pandemic. At the same time, the self-efficacy 

questionnaire had 15 positive statements about the 

ability of the students to perform a specific task. 

Likewise, the self-esteem questionnaire comprised 15 

combinations of positive and negative opinions about 

the students' confidence in learning situations during 

the pandemic. The academic shift attitude, readiness, 

self-efficacy, and self-esteem were scaled using the 5-

point Likert scale developed by Rensis Likert in1932 

(Sullivan and Artino 2013) with the following verbal 

interpretations:  

 

 

Scale Range Descriptions 

5 4.51-5.00 Strongly Agree  Always Ready Poor 

4 3.51-4.50 Agree Often Ready Unsatisfactory 

3 2.51-3.50 Neutral  Sometimes Ready Satisfactory 

2 1.51-2.50 Disagree  Rarely Ready Very Satisfactory 

1 1.00-1.50 Strongly Disagree Not Ready Outstanding 

 

Data Collection 

 In the pre-collection, the online survey was 

conducted by obtaining the agreement of the target 

respondents. The data were collected through a 

Google form. Respondents were assured of 

confidentiality, and participation was optional. 

 During the implementation, the link of the 

Google form was sent to the email addresses of the 150 

selected respondents; however, only 143 (95.33%) of 

the target respondents answered and responded to the 

questionnaire. Still, the sample is 59% more than the 

computed minimum sample (90). The respondents 

were asked to provide information about their profile 

and choose the options conforming to their choices or 

views concerning their socio-economic status, 

academic shift attitude, readiness, self-efficacy, self-

esteem, and GWA for academic performance.  

 The collected data were stored in a safe file 

protected by a password to safeguard the privacy of 

the respondents. The Google Form link was 

terminated after all the necessary data were extracted 

to prevent information linkage. Moreover, after 

collecting and processing the gathered data, the 

respondents were informed of the study's results for 

their input and reference. 

 

Predictors 

• Profile (3) Socio-

economic Status (12) 

• Academic Shift 

Attitude (20) 

• Readiness (20) 

• Self-Efficacy (15) 

• Self-Esteem (15) 

Academic 

Performance 

⚫GWA 

(General 

Weighted 

Average) 
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Data Analysis 

 The student's academic performance level 

was described using a 5-point scale discussed 

previously through the mean and standard deviation. 

Similarly, academic predictors like academic shift 

attitude, academic readiness, self-efficacy, and self-

esteem were expressed on a 5-point scale using the 

mean and standard deviation (Table 1). In contrast, the 

profile variables such as sex, age, religion, and 

ethnicity were presented using frequency and 

percentage to show the distribution of the respondents. 

However, in the data processing, the variables sex, 

religion, and ethnicity were transformed into binary 

codes (1 and 2), and scores presented using mean and 

standard deviation were used for Socio-Economic 

Status predictors to convert the data into an interval 

level of measurement to meet the assumptions of 

multiple linear regression. No transformation on the 

age was made as the variable is already a ratio scale. 

Finally, a Stepwise linear regression analysis in IBM 

SPSS statistics licensed software identified significant 

predictors of students' academic performance. The 

five critical assumptions of regression analysis, such 

as linear relationship, multivariate normality, no or 

little multicollinearity, no auto-correlation, and 

homoscedasticity, were essentially met before 

drawing inferences regarding the model estimates. 

 
 

RESULTS 

 

Academic Performance of the Students During the 

Pandemic 

  Table 1 shows the academic performance of 

143 students during the pandemic. Among the 

respondents, 72.7% (104) were very satisfactory, 26.6% 

(38) were outstanding, and only 0.7% (1) were 

satisfactory in their academic performance during the 

pandemic. The student's academic performance during 

the pandemic measured by their general weighted 

average (GWA) from the previous grading or semester, 

reflects very satisfactory (x̅ = 1.71; SD = 0.258).  
 

Table 1. Academic performance of the 143 students during the pandemic. 
 

GWA Frequency Percent Description 

1.00-1.50 38 26.6 Outstanding 

1.51-2.50 104 72.7 Very Satisfactory 

2.51-3.00 1 0.7 Satisfactory 

x̅=1.71 SD=0.258 Very Satisfactory 
 

 

Predictors of Academic Performance of the 

Students During the Pandemic  

 As regards to the profile variables (Table 2), 

almost if not the majority of the respondents of this 

study were female (81.9%), aged 19 (27.3%), 

identified as Christian (97.9%), and belonged to a 

major ethnic group (93.7%). In addition, more than the 

majority owned houses (90.2%), had an income below 

PHP 5,000 (41.3%), and have parents who did not 

graduate from college (85.4%), primarily high school 

graduates (28.7%). Both fathers (96.5%) and mothers 

(64.3%) were employed. The majority had two 

siblings (25.9%), with most not employed (53.1%), 

but pursuing studies (69.2%). Also, the respondents 

possessed   own gadgets for studying during the 

pandemic (Table 3).   

 The respondents of this study generally 

exhibited a positive attitude (x̅ = 3.49; SD = 0.580). 

They also demonstrated high readiness (x̅ = 3.64; SD 

= 0.686), high self-efficacy (x̅ = 3.88; SD = 0.613), 

and high self-esteem (x̅ = 3.76; SD = 0.513) toward the 

academic shift – from face-to-face learning to online 

learning, as indicated in Tables 4, 5, 6, and 7, 

respectively. 

 

Linear Regression Model  

   A Stepwise linear regression was conducted 

to predict academic performance using GWA from 

household monthly income, siblings employed, and 

father’s employment status. These variables 

significantly predicted academic performance, F (3, 

139) = 6.828, P < 0.0005, R2 = 0.128, as presented in 

Tables 8 and 9. All three variables added statistically 

significantly to the prediction, P < 0.05. In Table 10, 

the estimated model coefficients predicted academic 

performance = 2.270 + (0.023 x household monthly 

income) + (0.121 x siblings employed) + (0.288 x 

father’s employment status). This model suggests that 

for a unit increase in household monthly income, there 

is an increase in the GWA of 0.023. Also, for a 1 unit 

increase in siblings who are employed, there is an 

increase in the GWA of 0.121, and finally, a unit 

increase in the employment of the father, there is an 

increase in the GWA of 0.288. 
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Table 2. Profile of the students in online class during the pandemic. 
 

Profile variables Frequency Percent 

Sex 

Male 

Female 

 

27 

116 

 

18.88 

81.12 

Age 

17 

18 

19 

20 

21 

22 

24 

27 

29 

 

4 

30 

39 

23 

37 

7 

1 

1 

1 

 

2.80 

21.0 

27.3 

16.1 

25.9 

4.90 

0.700 

0.700 

0.700 

Religion 

Christian 

Non-Christian 

 

140 

3 

 

97.9 

2.10 

Ethnicity 

Major ethnic group 

Minor ethnic group 

 

134 

9 

 

93.7 

6.30 

 

Table 3. Socio-economic status of the students in online class during the pandemic. 

 

Socio-economic variables Frequency Percent 

Home ownership 

Owned 

Not owned 

 

129 

14 

 

90.2 

9.80 

Household income  

Less than 5,000 

5,000 - 9,999 

10,000 - 14,999 

15,000 - 19,999 

20,000 - 24,999 

25,000 - 29,999 

30,000 - 34,999 

35,000 - 39,999 

40,000 - 44,999 

45,000 - 49,999 

Above 50,000 

 

59 

25 

18 

10 

12 

2 

4 

1 

2 

2 

8 

 

41.3 

17.5 

12.6 

7.00 

8.40 

1.40 

2.80 

.700 

1.40 

1.40 

5.60 

Father’s educational attainment 

Elementary Undergraduate 

Elementary Graduate 

High School Undergraduate 

High School Graduate 

College Undergraduate 

College Graduate 

Master Degree Undergraduate (with units) 

Master Degree Graduate 

Doctorate Degree Undergraduate (with units) 

Doctorate Degree Graduate 

 

36 

30 

21 

30 

14 

11 

1 

0 

0 

0 

 

25.2 

21.0 

14.7 

21.0 

9.80 

7.70 

.700 

0 

0 

0 

Father's status of employment 

Employed 

Unemployed 

 

138 

5 

 

96.5 

3.50 

Mother’s educational attainment 

Elementary Undergraduate 

Elementary Graduate 

High School Undergraduate 

High School Graduate 

College Undergraduate 

College Graduate 

Master Degree Undergraduate (with units) 

Master Degree Graduate 

 

19 

20 

26 

41 

16 

20 

1 

0 

 

13.3 

14.0 

18.2 

28.7 

11.2 

14.0 

.70 

0 
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Socio-economic variables Frequency Percent 

Doctorate Degree Undergraduate (with units) 

Doctorate Degree Graduate 

0 

0 

0 

0 

Mother's status of employment 

Employed 

Unemployed 

 

92 

51 

 

64.3 

35.7 

Number of siblings 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

13 

 

8 

26 

37 

26 

18 

13 

5 

4 

2 

1 

1 

1 

1 

 

5.60 

18.2 

25.9 

18.2 

12.6 

9.10 

3.50 

2.80 

1.40 

0.70 

0.70 

0.70 

0.70 

Siblings are employed 

Yes 

No 

 

67 

76 

 

46.90 

53.10 

Siblings are studying 

Yes 

No 

 

99 

44 

 

69.20 

30.80 

Number of available gadgets 

1 

2 

3 

4 

5 

 

66 

61 

9 

4 

3 

 

46.20 

42.70 

6.30 

2.80 

2.10 
 

Table 4. Academic shift attitude of the students in online class during the pandemic. 
 

Academic shift attitude items x̅ SD Description 

I was generally having a hard time learning virtually. 3.24 0.849 Neutral 

I have the opportunity to get guidance for my learning difficulties. 3.36 0.817 Neutral 

I get to develop my understanding by attending class online.  3.90 0.867 Agree 

I get sufficient information about matters related to my studies. I get sufficient 

information about matters related to my studies. 

3.61 0.796 Agree 

I have it easy transitioning to flexible learning. 3.23 0.802 Neutral 

I have found online class motivating. 3.29 0.933 Neutral 

I have a lot of unwanted academic pressure on me as a student. 3.44 0.893 Neutral 

I think the workload is too heavy compared to when Face-to-Face learning. 3.55 0.984 Agree 

I have enough necessary tools and equipment for me to study online. 3.10 1.05 Neutral 

I noticed teaching aids are always available. 3.32 0.836 Neutral 

I find the materials for teaching was useful. 3.68 0.844 Agree 

I think flexible learning helped me excel in my study. 3.41 0.952 Neutral 

I viewed the teaching instructions online as intellectually stimulating. 3.47 0.785 Neutral 

I felt a part of students who are committed to learning. 3.64 0.859 Agree 

 I was normally given helpful feedback on my progress by my lecturer. 3.55 0.793 Agree 

I presumed that the lecturer or professors made a real effort delivering their 

teaching expertise to their students. 

3.85 0.971 Agree 

I suppose the learning and teaching methods encourages participation. 3.72 0.867 Agree 

I believe the academic expectations/standards on this New Curriculum were too 

high. 

3.55 0.954 Agree 

I am satisfied with the overall quality of the support from my lecturer. 3.59 0.883 Agree 

I am satisfied with the overall quality of learning online. 3.34 0.920 Neutral 

Overall x̅/SD 

Overall academic shift attitude description scale 

3.00-5.00 (Positive attitude) 

1.00-2.99 (Negative attitude) 

3.49 0.580 Positive 

Attitude 
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Table 5. Readiness of the students in online class during the pandemic. 

 

Readiness items x̅ SD Description 

I am able to do the tasks given together at the same time. 3.62 0.956 Often Ready 

I am able to cope up with my fellow students with or 

without an Internet connection 

3.20 0.990 Sometimes Ready 

I am able to pass my requirements at a given time. 4.13 0.963 Often Ready 

I plan my work in advance so that I can turn my 

schoolwork on time. 

 3.94 1.002 Often Ready 

I am ready to engaged in online class. 3.71 0.954 Often Ready 

I have a variety of applications and resources used in 

attending my classes online. 

3.62 1.013 Often Ready 

I am ready financially and emotionally in given task and 

activities. 

3.29 0.976 Sometimes Ready 

I am ready enough to send my time in online class. 3.73 0.964 Often Ready 

I have developed good ways to solve problems I 

encountered in learning online. 

3.73 0.927 Often Ready 

I am mentally ready to participate on activities given 

online by the teacher. 

3.70 0.979 Often Ready 

I am fairly good at using computer and other devices for 

my online class. 

3.54 0.870 Often Ready 

I am willing to use email and other online tools to ask my 

classmate and instructor questions. 

3.83 1.002 Often Ready 

I am connected to the Internet with a fairly fast, reliable 

connection such as DSL or cable modern. 

3.19 1.113 Sometimes Ready 

I am comfortable surfing the Internet. 3.48 0.978 Sometimes Ready 

I am comfortable conducting searches, setting bookmarks, 

and downloading files. 

3.55 0.878 Often Ready 

I am prepared to learn from things I hear and watch, like 

online lectures, video lessons, and audio recordings. 

3.75 0.923 Often Ready 

I can keep myself in track and on time whenever there is a 

virtual meeting for my classes. 

3.78 0.943 Often Ready 

I will not quit my study just because online learning is 

difficult. 

4.28 0.899 Often Ready 

I have the necessary digital tools such as a 

computer/laptop, headphones or speaker, and a 

microphone to use if a class has a videoconference. 

3.32 1.059 Sometimes Ready 

I have a study place where I can attend my virtual class, 

read, and work on my assignments without distraction. 

3.36 1.097 Sometimes Ready 

Overall x̅/SD 

Overall readiness description scale 

3.00-5.00 (High readiness) 

1.00-2.99 (Low readiness) 

3.64 0.686 High Readiness 

 

Table 6. Self-efficacy of the students in online class during the pandemic. 

 

Self-efficacy items x̅ SD Description 

I will be able to achieve most of the goals that I have set for myself. 4.27 0.847 Agree 

When faced with the difficult tasks caused by the pandemic, I am sure I can do it. 4.14 0.819 Agree 

In general, in my study during online classes, I will get outcomes that are important 

to me. 

4.02 0.791 Agree 

Amidst of pandemic, I believe I can succeed in any endeavor for my dreams. 4.36 0.817 Agree 

I will be able to overcome many academic challenges in the new normal. 4.38 0.776 Agree 

I am sure that I can perform effectively in many different tasks, especially in my 

studies online. 

4.03 0.872 Agree 

Compared to others students, I can do most tasks very well. 3.57 0.931 Agree 

Even if the learning situation is difficult, I will still overcome the challenges. 4.23 0.828 Agree 

I am very unsure of my abilities to use digital technology for my online class. 3.48 0.948 Agree 

I can learn without being in the same room as the instructor and other students. 3.61 0.967 Agree 

I seem to have difficulties with most of the tools or online applications I have tried to 

use for my online classes. 

3.48 0.948 Neutral 

At times, I find using digital technology very confusing during this time of Flexible 

Learning. 

3.49 0.895 Neutral 
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Self-efficacy items x̅ SD Description 

I am able to focus on schoolwork when faced with distractions during this pandemic. 3.42 0.982 Neutral 

I am able to search the internet to find the answer to a course-related question. 3.65 0.898 Agree 

I can communicate using synchronous and asynchronous technologies (Google Meet, 

Zoom, discussion boards, email, etc.) on my classes amidst this pandemic. 

4.042 0.8791 Agree 

Overall x̅/SD 

Overall self-efficacy description scale 

3.00-5.00 (High self-efficacy) 

1.00-2.99 (Low self-efficacy) 

3.88 0.613 High self-

efficacy 

 

Table 7. Self-esteem of the students in online class during the pandemic. 

 

Self esteem items x̅ SD Description 

I feel like I am a valued student; somehow, I can help other students like me. 3.92 0.835 Agree 

I feel like I have good qualities to share with my fellow students during the 

pandemic. 

3.82 0.828 Agree 

Sometimes, I feel frustrated and have difficulty with the new learning situation. 3.78 0.840 Agree 

I can do things as well as most other student during this New Normal mode of 

learning. 

3.84 0.802 Agree 

I feel I do not have much any learning that I acquired from online class. 3.31 0.929 Neutral 

I take a positive attitude toward myself about online learning. 4.03 0.851 Agree 

On the whole, I was satisfied with myself and my accomplishments. 3.93 0.924 Agree 

I fear that learning online will make me incompetent someday. 3.59 0.937 Agree 

Because of the pandemic, I was losing my self-confidence. 3.16 1.085 Neutral 

Sometimes I think I’m not doing well with my fellow students. 3.45 1.026 Neutral 

I am responsible for my thoughts and action during online class. 4.10 0.729 Agree 

I feel comfortable and confident in speaking during online class recitation. 3.55 0.991 Agree 

I appreciate compliment from my teacher and my fellow students. 4.01 0.809 Agree 

I find it challenging learning online. 4.00 0.842 Agree 

I feel that I have the confidence to acquire a passing grade during this New Normal 

setup. 

3.90 0.858 Agree 

Overall x̅/SD 

Overall self-esteem description scale 

3.00-5.00 (High self-esteem) 

1.00-2.99 (Low self-esteem) 

3.76 0.531 High self-

esteem 

 

 

Table 8. Model Summary showing how well the model fits the data.  

 
Model R R Square Adjusted R Square Std. Error of the Estimate 

1 0.358 0.128 0.110 0.24340 

 

Table 9. ANOVA showing the overall regression model is good fit for the data. Dependent Variable:GWA; Predictors: 

(Constant), H. Income, Siblings Employed, Father’s Employment. 

 

Model Sum of Squares df Mean Square F Sig. 

Regression 1.213 3 0.404 6.828 0.000 

Residual 8.235 139 0.059   

Total 9.448 142    

 
Table 10. Relationship between SES variables and academic performance. Dependent variable: GWA. Predictors: (Constant), 

H. Income Siblings Employed, Father’s Employment. 

 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

R2 t Sig. 

B Std. Error Beta  

(Constant) 2.270 0.146   15.56 0.000 

Household Monthly Income 0.023 0.007 0.252 0.211 3.148 0.002 

Siblings Employed 0.121 0.041 0.235 0.185 2.927 0.004 

Father's Status of Employment 0.288 0.112 0.206 0.155 2.568 0.011 
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DISCUSSION 

 

Academic Performance of the Students During the 

Pandemic 

 A recent study investigating academic 

successes, as measured by students' grade point 

average (GPA) and curricular objectives during 

distance education in the COVID-19 pandemic, found 

similar results regarding academic performance and 

exams taken during distance education. The study 

revealed that only 30% of students had higher GPAs, 

40% experienced no GPA change, and 30% had 

declined GPAs. Moreover, approximately 60% of 

students expressed the need to complete their 

educational objectives (Elsalem et al. 2021).   These 

results were similar with a study conducted at a 

prestigious state university in Northern Mindanao, 

where the students' general weighted average (GWA) 

is excellent (128), ranging from 1.00-1.25 (Napoles et 

al. 2023). Considering the report of the Office of the 

Registrar on the respondents’ academic performance 

before the pandemic, their general weighted average 

ranges from 1.51 to 2.50, which is also considered very 

satisfactory. Likewise, the result of the academic 

performance of the respondents signifies that even 

though the learning modality has changed during this 

pandemic, the student's average academic 

performance is still high considering the situation. 

Comparing the GWA of the respondents before and 

during the pandemic means that the respondents could 

maintain and sustain their academic performance even 

in the changing learning modality. The very 

satisfactory academic performance could be 

associated with providing the needed assistance in 

expecting more outstanding communication and 

interactivity towards the students' learning, such as 

giving support in creating interactive online materials 

to supplement learning difficulties, providing extra 

resources, and responding to student's queries (Joosten 

and Cusatis 2019). 

 While it might be expected that learning 

during the pandemic would result in a poor learning 

experience, students' performance in terms of their 

grades remains unaffected (El Said 2021). The 

learners' adaptability, self-regulation, perseverance, 

and attitude to the new learning approach were 

ascertained to keep them focused and engaged in their 

study at times of the pandemic (Limniou et al. 2021). 

Hence, the teachers and parents must ensure that the 

students' learning environment enhances, if not 

sustains, their adaptability, self-regulation, 

perseverance, and attitude toward learning in whatever 

modality they are in. 

 

Predictors of Academic Performance of the 

Students During the Pandemic 

 The profile variables such as religion and 

ethnicity were recategorized to meet the assumptions 

of linear regression. Though the respondents were 

randomly selected, it can be noted from the data that 

there is a wide disparity in the distribution of 

respondents across categories per profile variable. 

However, this disparity in the distribution did not 

affect the data needed in the study. Moreover, most of 

the respondents are from low-income families, with 

parents lacking an educational degree, hence, the 

majority of the respondents came from low socio-

economic status. 

 Though the respondents came from a low 

socio-economic status, their attitude toward academic 

shift is still positive. The findings are consistent with 

a recent study conducted with a small-scale student 

and teacher sample (Hebebci et al. 2020) that focused 

on positive and negative attitudes toward distance 

education, such as online learning. Students appeared 

to value the opportunity to use new academic 

resources, such as video classes, to better and more 

independently manage their study activities. Similar 

findings were reported in a larger sample (Shatakshi 

and Nardev 2020). The authors discovered a strong 

appreciation for distance education among just over 70% 

of the students, who preferred learning through online 

classes because the study period became flexible, and 

they could study whenever they wanted. The off-site 

students appreciated the reduced travel time and cost 

savings (Sindiani et al. 2020). This implies that the 

sudden academic shift, from face-to-face learning to 

online learning, brought about by the pandemic did not 

hinder the students from positively approaching 

education. This positive attitude of the students can be 

attributed to the fact that these students are already 

exposed to technologies used in online learning. 

Hence, familiarity with online learning modalities can 

contribute to their positive attitude toward academic 

shift during the pandemic. As all lecture meetings 

were carried out online, making efficient use of 

technologies or ICTs, especially during the COVID-

19 pandemic, can significantly benefit students by 

providing them with more flexible scheduling, 

additional access to learning resources, and learning 

experiences (Bentyet al. 2020). Although most 

respondents positively appreciated the implementation 

of distance education, some students did not favor it. 

Therefore, it is necessary to determine their reasons for 

this attitude so that appropriate assistance can be given 

to them. The teacher may design instructional 

activities in a manner that will promote an 

appreciation of distance learning. Also, the institution 

may implement a scheme to help students who cannot 

attend distance learning, such as online classes, due to 

financial constraints.        

 However, a study by Bozkurt et al. (2020) 

state that this sudden shift would be associated with a 

negative impression due to the disruptions in learning 

and the regular academic flow. On the other hand, 

Hjelsvold et al. (2020), indicate that learners at the 
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Norwegian University of Science and Technology in 

Norway adapted well and had a positive attitude 

towards the transition. The students' annoyance with 

all the changes and difficulties did not make them give 

up. Students are challenged to achieve their personal 

goals and curiosity, studying with determination and 

responsibility, satisfaction, gratitude, social support, 

staying healthy, and having the opportunity to attend a 

university. The impediments to learning brought by 

the COVID-19 pandemic kept them positive and 

motivated to learn and maintain good grades despite 

all the challenges and limitations they faced. This 

serves as a driving force for them to become resilient 

and able to thrive through the current adversity of 

learning (Hjelsvold et al. 2020; Rahiem 2021). 

 Similarly, the readiness of the students has 

not decreased or been affected during the pandemic. 

The high readiness of the respondents can be ascribed 

to their exposure and previous experiences in using 

modern technologies. The present curriculum in the 

country has already incorporated the use of 

technologies in teaching. Thus, using technologies for 

online learning is not new to the students considering 

the advancement of technologies. 

 E-learning integrates any form of technology 

that represents a teaching solution for distance 

education, facilitated by the massive penetration of the 

internet as a form of communication. E-learning is 

rapidly growing as an acceptable way of education and 

remarkable progress has been made in e-learning in 

the last couple of decades (Raymond 2000). Naji et al. 

(2020) found that four factors had an impact on their 

level of readiness: initial preparedness and motivation 

for online learning, self-efficacy beliefs about online 

learning, self-directed online learning, and support for 

online learning. The fact that the students are more 

familiar with technology and internet use and 

constantly use the computer in their courses reveals 

this situation, thus the students (Adnan and Yaman 

2017). 

 Similarly, the students in this study believe 

that they can succeed in online learning during the 

pandemic. This set of beliefs of the students can be 

rooted in their familiarity and exposure to the different 

online learning platforms and applications. Moreover, 

the students' high self-efficacy could be attributed to 

their desire for learning or the power of learning. 

Students already have high self-efficacy towards the 

internet, which impacts their appreciation for 

understanding and their aim to use it in their studies. 

Students with higher academic self-efficacy progress 

more by pursuing challenging tasks and using efficient 

methods to complete them (Walker et al. 2006). 

Students with high self-efficacy tend to perceive 

themselves capable of regulating their learning, 

especially during this time of the pandemic. Most 

students were pleased because the online learning 

platforms they chose, such as Zoom, WhatsApp, 

Edmodo, and other social media, were simple to 

access and use. Growing up in the digital age, digital 

natives are knowledgeable about fundamental 

technologies and social media and communication 

tools (Lei 2009). 

 Similarly, the students have high self-esteem 

amidst the pandemic, which can be attributed to their 

self-verification of their online learning abilities, or 

they have a firm understanding of their skills as 

supported by their high self-efficacy. Also, the 

students understand their needs and can express them. 

The students' level of self-efficacy in learning online 

possesses superior levels of such, which they believe 

could enhance human accomplishment and well-being 

in multiple ways. Self-esteem is concerned with a 

person's way of thinking, behaving, and reacting to 

different experiences in online education. Moreover, 

the results showed positive personal perceptions 

towards online learning and other academic-related 

activities (Rameli et al. 2020).  

 It also reiterated that the ultimate success of 

online education is to have self-confidence, self-

efficacy (Malureanu et al. 2021), and self-esteem 

(Rameliet al. 2020). Self-efficacy combined with self-

esteem overcomes challenges and improves academic 

performance during the pandemic. Albert Bandura's 

perception towards self-esteem involves perseverance 

and determination in overcoming an interfering 

negative mindset. Thus, good self-esteem and self-

efficacy motivate and guide the learners to support 

different learning skills (Hassan et al. 2021; Rameli et 

al. 2020). Considering the importance of a positive 

attitude, readiness, self-efficacy, and self-esteem in the 

mental health and well-being of the students, the 

learning environment, particularly during a pandemic 

or other unforeseen academic disruptions, should 

sustain, promote, guide, and motivate the learner's 

acquisition of different learning skills. Thus, the 

students’ learning activities, whether online or face-to-

face, amidst a pandemic or not, should be crafted or 

created by the teacher according to the skill set needed 

in the workforce.   

 

Linear Regression Model  

 Student academics are affected by social, 

psychological, economic, environmental, and personal 

factors. These factors strongly influence student 

performance, but they vary from person to person and 

country to country (Mushtaq 2012). Based on the 

multiple regression analysis of this study, an important 

result is the impact of household monthly income on 

academic performance. Income is a crucial material 

resource for families (Shuani 2016), and research 

suggests that household or family income is a major 

factor contributing to students’ competitive ability, 

educational level, and performance (Smith et al. 2002; 

Hill et al. 2004; Rothestein 2004). Adzido et al. (2016) 

concluded that family income can affect students’ 
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learning process, implying that a strong or financially 

stable income can lead to improved motivation and 

better academic performance. It is disheartening that 

41.3% of the respondents reported a family income 

below PHP 5,000.  According to the Office of Student 

Services, 56.92% of the total population of 7,169 

students have a family income ranging from PHP 

9,000 to PHP 11,000. The financial status of the 

students has prompted the institution to collaborate 

with government and non-governmental organizations 

to provide scholarships and other forms of economic 

aid to help low-income students overcome their 

financial constraints. Additionally, the institution has 

programs such as student labor and financial 

assistance aid programs.  

 The employment of siblings contributes 

significantly to the additional income of a household 

and serves as a good financial support for students' 

education (Adzido et al. 2016). Siblings who are 

employed can provide this additional financial support 

as valuable resources. Resources, as mentioned by 

Lacour and Tissington (2011), can include financial, 

emotional, mental, relationships, and role models. 

Moreover, a father’s employment plays a crucial role 

in providing a stable financial foundation for the 

family (Parcel 2016). Paternal employment is 

associated with sufficient income to support their 

child’s education.  
 A study by Ali et al. (2013) explored factors 

affecting the academic performance of 100 students at 

Islamia University and found that a higher income 

status of a father/guardian significantly contributes to 

higher academic performance. On the other hand, 

parental, specifically a father’s unemployment can 

negatively affect a child’s schooling performance, 

potentially leading to a higher risk of dropout 

(Raychaudhuri et al. 2010). In general, high academic 

performance can be achieved if a student’s parents, 

specifically the father, are employed and able to 

support and cover the educational expenses and needs 

of their child (Ali et al. 2013). Additionally, high 

academic performance can also be related to effective 

learning programs, interventions, and meeting the 

necessary pace, place, process, and learning products 

for students, resulting in consistent and progressive 

learning (Parrocha 2020).   

Considering the functional brain organization, 

Finn et al. (2017) found that higher family income is 

associated with larger working memory capacity and 

more activation of the fronto-parietal executive 

network for challenging working memory tasks, 

resulting in higher scores on statewide tests. Higher 

math achievement scores were also associated with 

greater parietal activation during working memory 

tasks. On the other hand, Lacour and Tissington (2011) 

examined how poverty directly impacts students' 

academic achievement due to a lack of accessible 

resources to support their success. As a result, low 

academic achievement is strongly linked to a need for 

more resources, particularly financial resources. They 

suggested that by providing students with the support 

they need to excel academically, instructional 

techniques and initiatives at the classroom, school, 

district, and governmental levels can help in close the 

achievement gap. Considering monthly household 

income, employed siblings and a father's employment 

status as factors related to the family's financial 

situation that significantly predicts students' academic 

performance, instructional activities and strategies 

should promote equity among privileged and 

underprivileged students in the classroom.  
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ABSTRACT 

 
Philippine brown deer Rusa marianna Desmarest 1822, has been considered a conservation 

priority following its declaration as an endangered species by the Philippine Red List of Threatened 

Fauna in 2020. The research study analyzed the gender roles of women and men in the conservation of 

the Philippine brown deer (R. marianna) in the Obu Manuvu Ancestral Domain (OMAD) in Baguio 

District, Davao City, Philippines. Using the Harvard Analytical Framework (HAF), the study explored 

women’s and men’s (1) activity profile, (2) access to and control over resources, (3) knowledge, beliefs, 

and perceptions, (4) decision-making power, (5) laws, legal rights, policies, and institutions, and (6) 

priorities, and needs/ opportunities, and constraints. Sixteen individuals participated in the key 

informant interviews (KIIs), represented by chieftains, elders, and women. The results of the gender 

analysis conveyed that women and men are primarily involved in deer conservation. Gender gaps have 

been documented in education, employment, and resource management, showing that men have better 

access than women. However, both genders are provided access to information and training as part of 

the capacity-building for conservation works. In terms of employment preference, Obu Manuvu men 

largely dominated the farming jobs, while women worked home-based. They are also given equal rights 

regarding their participation in the decision-making process and property ownership. A livelihood 

program is considered one of the needs of the indigenous community, which includes the opportunity 

to economize their conservation services. Therefore, the study recommends that gender roles be 

integrated into formulating a conservation model. Providing equal education, employment, and 

livelihood opportunities for women and men is vital to the deer’s sustainable conservation.  

 

Keywords: conservation, gender analysis, gender roles, Harvard analytical framework 
 

 

 

INTRODUCTION 

 

Conservation work has historically been 

dominated by men. The roles of women are often 

undocumented and underrepresented, which has led to 

the ever-increasing need to integrate a gender lens in 

conservation (James 2023). Gender in conservation 

involves dealing with how women and men interact 
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with their resources and how that impacts knowledge 

use, and priorities for conservation (Leisher et al. 

2015). Gender is considered a social determinant of 

conservation success, especially when the voices of 

women and men are both accounted for. The inclusion 

of gender analysis in conservation is a novel 

underpinning and is underexplored across the country 

(Parks et al. 2015; CBD 2017).  

There is an increasing demand to examine 

the labor responsibilities, priorities, decision-making 

power, and knowledge of women and men in 

conservation. For example, women in one of the 

Pacific Island countries were not consulted in coastal 

fisheries management because men are primarily 

responsible for fishing. Still, it was found that women 

are involved in agricultural activity, which has a 

downstream impact through increasing sedimentation 

(MacKay 2017). Gender disparity has also been 

observed in wildlife-dependent recreation in the 

United States, where women feel alienated in the 

male-dominated control of wildlife populations 

(Rizzolo et al. 2023).  In Madagascar, locals at a 

marine conservation site also proposed that women 

should be involved in decision-making and 

management (Evans 2017). Therefore, if gender is not 

considered in conservation, biodiversity loss may 

result from mismanagement and unsustainable 

practices, and the gradual loss of traditional 

knowledge, skills, and experiences will become more 

evident (Leisher et al. 2015). 

The Philippine brown deer Rusa marianna 

Desmarest 1822, also known as the Philippine sambar, 

is endemic to the islands of the Philippines, 

particularly Luzon, Mindanao, Samar, and Leyte. 

However, its population has significantly declined in 

the last three decades due to forest cover loss, habitat 

fragmentation, and human persecution (Ravenelle and 

Nyhus 2017). Anthropogenic pressures on natural 

landscapes have driven the deer to hide in the 

remaining forest patches (Foley et al. 2005; Villegas 

et al. 2022a). The most prevalent anthropogenic threat 

is subsistence hunting, especially among locals who 

lack sufficient livelihood options (Tanalgo 2017). The 

same scenario was observed within the Obu Manuvu 

Ancestral Domain (OMAD), where deer hunting 

remains evident despite the customary policies in 

place (Villegas et al. 2022a). As a consequence, the 

deer is now considered endangered on the Philippine 

Red List of Threatened Fauna (BMB-DENR 2020). Its 

wild population is vulnerable and rapidly declining, 

according to the International Union for Conservation 

of Nature’s (IUCN) Red List of Threatened Species 

(MacKinnon et al. 2015).  

The present study aimed to analyze the 

gender roles of Obu Manuvu women and leaders in 

deer conservation in the OMAD in Baguio District, 

Davao City, Philippines. Specifically, the study 

investigated women’s and leaders’ (1) activity profile, 

(2) access to and control over assets and resources, (3) 

knowledge, beliefs, and perceptions, (4) decision-

making power, (5) laws, legal rights, policies, and 

institutions, and (6) priorities, and needs/ 

opportunities, and constraints relative to deer 

conservation. The study intends to provide insights 

into the development of deer conservation models 

through the lenses of Indigenous Peoples (IPs), 

especially women and leaders. 

 

 

METHODS 

 

Study Area 

This study was conducted in the OMAD, 

with a total land area of 36,713.52 hectares in Baguio 

District, Davao City, Davao del Sur, Philippines. 

Specifically, the locale of this study includes four 

barangays: Carmen, Salaysay, Tambobong, and 

Tawan-Tawan (Figure 1). The ancestral domain falls 

within the unprotected regions of Mt. Apo Range and 

is a known watershed area in Davao City, Philippines 

(Villegas et al. 2022a). 

 

 
 

Figure 1. Map of the study area in the Obu Manuvu 

Ancestral Domain, Davao City, Mindanao Island, 

Philippines. Cartographer: Ricksterlie C. Verzosa.  

 

Harvard Analytical Framework 

The study used a qualitative research design. 

Through the lens of the Harvard Analytical 

Framework (HAF), a gender analysis of the roles of 

Obu Manuvu women and men in deer conservation 

was explored (Figure 2). The framework is usually 

utilized in determining and explaining the differences 

between women and men in terms of economic 

participation. A framework-based gender analysis is 

helpful for policymakers to understand the economic 

case for allocating development resources to women 

and men (Ochola et al. 2010). The framework is also 

used as a practical tool to determine the type and 
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amount of work women and men do in households, 

farms, or communities (March et al. 1999). The 

framework is useful for organizing information and 

can be adapted to many situations including biological 

conservation. While this framework has been widely 

used in agriculture, this paper introduces using the 

same framework in biodiversity conservation, 

especially concerning lands that are governed by 

indigenous communities. In the study area, 

agricultural lands and Indigenous Peoples and 

Community-Conserved Areas (ICCAs) are proximal 

and are regulated by the same customary laws and 

practices. The Local Government Units (LGUs) 

complement the biodiversity conservation initiatives 

by providing monetary remuneration to the forest 

guards and financial support for monitoring activities. 

Data gathered on the ground are also transmitted to 

them for appropriate action and coordination with 

relevant public and private agencies (i.e., the 

Department of Environment and Natural Resources 

and the Philippine Eagle Foundation). This study 

explored six components: (1) activity profile, (2) 

access to and control of assets and resources, (3) 

knowledge, beliefs, and perceptions, (4) decision-

making power, (5) laws, legal rights, policies, and 

institutions, (6) and people’s priorities and needs, 

opportunities, and constraints. 

 

 
Figure 2. Gender analysis of projects using the Harvard 

Analytical Framework (Srinivas 2015). 

 

Key Informant Interview (KII) 

Sixteen participants, consisting of eight 

women and eight men, were interviewed in December 

2020 using a semi-structured interview tool developed 

by the researchers.  The interview questions were 

formulated and based on the HAF. During the 

interviews, the questions were translated into Visaya, 

a dialect widely spoken by the indigenous people (IP) 

community. All participants provided free prior and 

informed consent (FPIC) before the interviews took 

place. They represented the Obu Manuvu indigenous 

community as chieftains, elders, and women of legal 

age. They were all involved in local conservation 

work as forest guards (Visaya: Bantay Bukid) and 

were bona fide residents of the study area. As forest 

guards, their primary role was to monitor wild flora 

and fauna within the ancestral domain, particularly the 

cultural keystone species (CKS) such as deer. They 

conducted regular foot patrols (i.e., at least once a 

month) to inventory the species and record 

conservation threats. The Obu Manuvu is a sub-tribe 

of the Bagobo, originating from intermarriages 

between Bagobo-Klata and Bagobo-Tagabawa. They 

inhabit three provinces in Mindanao, including 

northeastern Davao, northeastern Cotabato, and 

Bukidnon (TUOMTC 2017). All discussions were 

conducted on a one-on-one basis, audio-recorded and 

transcribed verbatim for use as a reference in data 

analysis.  

 

Thematic Analysis 

The HAF was utilized as an approach to 

analyze the qualitative responses of the participants. 

Based on the six components of the framework, a 

thematic analysis was employed to analyze the 

qualitative data collected (Creswell 2014). This 

technique involves analyzing qualitative data, such as 

transcriptions of responses obtained during key 

informant interviews. The analysis began with 

familiarization of the data, followed by data coding, 

including data reduction and compilation, and then 

clustering the codes to identify emerging themes. 

 

 

RESULTS 

 

The Rusa marianna is a sacred species for 

the Obu Manuvu indigenous community, making the 

deer a priority for conservation. To achieve this goal, 

the tribe has implemented various systems and 

policies aimed at reducing human impact on the deer 

population and promoting its sustainability within the 

ancestral domain. One key strategy involves the 

establishment of a forest guarding scheme with both 

women and men. They both play critical roles in 

managing the forests and protecting the deer. While 

men tend to lead conservation efforts and make policy 

decisions, women are equally important partners who 

contribute by documenting and disseminating 

information. Both genders have unique roles to play, 

and their contributions are essential to ensuring a 

holistic approach to conservation (Table 1).
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Table 1. Gender roles of the Obu Manuvu women and men using the Harvard Analytical Framework. 

 

Analytical parameter Women Men 

Activity profile • Perform reproductive roles such as 

working at home and taking care of the 

needs of their children 

• Perform productive roles such as 

working in farms or private 

companies as laborers 

Access to and control over assets 

and resources 
• Support deer conservation efforts made 

by men 

• Support the information dissemination 

on deer conservation 

• In terms of employment services, 

women forest guards are assigned to 

clerical jobs such as encoding and 

bookkeeping 

• Lead in deer conservation by 

accessing the right training programs 

• Lead in information dissemination 

on deer conservation 

• In terms of employment services, 

men forest guards are engaged in 

species monitoring and roving patrol 

jobs 

Knowledge, beliefs, and 

perceptions 
• Women work at home such as doing 

household chores and caring for their 

children and their husbands. 

• Women work overseas as domestic 

helpers 

• Men do more strenuous labor 

• More men work on farms and in 

private companies as laborers 

 

Decision-making power • Participate in community discussions 

and the decision-making process 

• Lead in community discussions and 

the decision-making process 

Laws, Legal Rights, Policies, 

and Institutions 
• Follow laws and policies in deer 

conservation and speak their brand of 

conservation 

• Lead in the formulation of laws and 

policies that protect their ancestral 

domains and in deer conservation 

Priorities and Needs/ 

Opportunities and Constraints 
• Support their husbands in providing for 

the needs of the family 

• Seek livelihood opportunities for the 

family 

• Provide the needs of the family 

• Seek livelihood opportunities for the 

family 

  

 

Activity Profile 

One hundred eighty-eight forest guards are 

engaged in conserving the deer within the ancestral 

domain. Out of the 188 forest guards, 25 of them are 

women. None of the forest guards have completed 

elementary education. All of them are married and 

have children. While working as forest guards, both 

women and men are also engaged in farming as 

another means of livelihood. The forest guards receive 

a minimal monthly honorarium from the Philippine 

government. Both genders share the responsibility of 

fulfilling their duties as forest guards in their ancestral 

domains to protect their forests from anthropogenic 

dangers such as illegal logging, “kaingin” (slash and 

burn agriculture), and hunting wild animals. One 

forest guard summarized the reason behind this: 

 

Our main source of livelihood here in 

Barangay Salaysay is mainly farming but we 

also worked as forest guards. Our work as 

forest guards, involved more men than 

women. As forest guards and as member of 

the community, we really protect our 

ancestral domains. We even have a “datu” in 

our community that we respected, who has 

the control against anyone who would try to 

harm our ancestral domains. Women here in 

the community are working at home, while 

men work in their farms. (Ang among 

panginabuhian dinhi sa Barangay Salaysay 

mao ang pagpanguma apan nagtrabaho usab 

kami isip mga guwardiya sa kalasangan. Ang 

among trabaho isip magbalantay sa lapsang, 

naglangkob ug mas daghan lalaki kaysa sa 

mga babaye. Isip mga guwardiya sa 

kalasangan ug isip miyembro sa komunidad, 

giprotektahan gyud nato ang atong ancestral 

domains. Aduna gani kami “datu” sa 

komunidad nga amoa ginarespeto, nga 

aduna control batok sa mga gusto nga 

maghilabot sa ancestral domanis.) Forest 

guard, Barangay Salaysay, Davao City, 

Interview number 2. 
 

Access to and Control Over Assets and Resources 

Access to education. The Obu Manuvu 

indigenous community has a large population of 

adults under 40 and above who lack the education 

needed to secure formal employment. Although boys 

and girls in the community are provided with the 

opportunity to attend school, poverty hinders the 

completion of their elementary education. Despite the 

Philippine government’s provision of free grade 

school education, the Obu Manuvu people still 

struggle to complete their education. This is because 

they must also cover expenses such as uniforms, 

school materials, other school fees, school allowances, 

and daily necessities. The lack of education for both 

genders is considered to be the main reason behind 

their low socio-economic status and the limited 
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availability of formal employment opportunities. The 

statements provided by the respondent in an interview 

best illustrate this, which stating that: 

 

Many of us here did not finish elementary 

because of poverty. Our parents cannot 

afford  to send us to school back then. The 

same is true with our children right now. 

While the government provides us free 

education in elementary, but we also have to 

pay for our uniforms, schools requirements 

and other fees in school. We also have daily 

needs such as the food that we eat and other 

needs at home.  These are some of the reasons 

why many of us not able to get a good job. We 

only get a living by farming. (Daghan sa 

amoa diri ang wala makahuman ug 

elementary tungod sa kapobrehon. Ang amoa 

mga ginikanan dili makakaya ng 

paeskwelahon mi. Mao gihapon ang 

sitwasyon sa amoang mga anak sa 

kasamtangan. Bisan pa ug ang gobyerno 

muhatag ug libre nga edukasyon sa 

elementarya, kami gihapon ang magbayad sa 

amoa mga uniporme, requirements sa 

eskwelahan ug uban pang mga bayrunon. 

Aduna pod kami mga panginahanglan kada 

adlaw sama sa mga pagkaon ug ubna pa. 

Mao usab kini ang maong mga rason ngano 

maglisod mi ug kuha ug maayong trabaho. 

Mabuhi lang kami pinaagi sa pagpanguma.) 

Forest guard, Barangay Carmen, Davao City, 

Interview number 5. 

 

Access to information and training 

programs. Access to correct information and training 

programs has supported conservation efforts made by 

women and men. Both genders have been equipped 

with the knowledge and necessary skills to understand 

the conservation process, especially regarding deer. 

As part of a long-term conservation program with the 

Obu Manuvus, various information dissemination 

programs were provided to enable forest guards to 

fulfill their roles. Training programs and other 

information dissemination initiatives are available to 

all community members through agencies such as 

local government units and non-government 

organizations (e.g., the Philippine Eagle Foundation). 

In addition, the researchers of this paper spearheaded 

the project titled “Population status, community 

values, and gender roles in the conservation of the 

Philippine brown deer (R. marianna) in the OMAD in 

Davao City, Philippines.” This project has also 

provided community members with better solutions to 

deer conservation. The provision for training and 

seminars to effectively disseminate information on 

deer conservation highlights the opportunities that 

both women and men have benefited from. One of the 

forest guards mentioned: 

 

We were given trainings and seminars in 

terms of deer conservation. There were non-

government organizations that provided us 

with trainings. The government also gave us 

seminars. Also, the Philippine Eagle 

Foundation gave us inputs and other needed 

trainings in conserving the deer in our 

ancestral domains (Gitagaan kami ug mga 

trainings ug seminars kabahin sa pag 

konserba sa usa. Adunay mga non-

government organizations nga naghatag ug 

training. Ang gobyerno naghatag ug mga 

seminars. Ang Philippine Eagle Foundation 

naghatag pod ug mga input ug uban pang 

mga kinahanglanon nga mga training ug 

seminar kabahin sa pakonserba sa mga osa 

sa amoang ancestral domain.) Forest guard, 

Barangay Salaysay, Davao City, Interview 

number 2).  

 

Another forest guard also reported:  

They have research projects conducted in the 

past that also helped us more fully 

understand our responsibilities as forest 

guards. For example, the research project 

titled “Population Status, Community Values, 

and Gender Roles in the Conservation of the 

Philippine Brown Deer (R. marianna) in the 

Obu Manuvu Ancestral Domain in Davao 

City, Philippines,” has also provided us 

ideas in deer conservation. (Aduna sila 

research project nga gihimo kaniadto nga 

nakatabang kanamo aron masabtan namo 

ang amoang mga responsibilidad isip 

gwardya sa kalasangan. Pananglitan kaning 

proyekto nga gitituluhan: Philippine Brown 

Deer (R. marianna) in the Obu Manuvu 

Ancestral Domain in Davao City, 

Philippines,” gitagaan pod mi ug kahibalo sa 

pagkonserba sa mga osa. Forest guard, 

Barangay Tambobong, Davao City, 

Interview number 4. 

 

Access to employment services. Deer 

conservation within the OMAD has provided both 

women and men with access to employment as forest 

guards. In the course of conserving the deer, Obu 

Manuvu women and men were hired as forest guards 

with specific duties and tasks to fulfill and comply 

with. However, it is worth noting that a higher number 

of men were hired and involved in deer conservation. 

Despite the higher number of men, monetary benefits 

were equal among all employees. As forest guards, 

women are assigned to housekeeping and clerical jobs 

such as encoding and bookkeeping, while men are 
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engaged in monitoring and roving patrol jobs to 

protect the forest and wildlife sanctuary. Access to 

employment services is best exemplified through the 

statements provided by the forest guard: 

 

Our main job is to conserve the deer in our 

ancestral domains. Because of this, we were 

given the chance to work and be employed. 

As forest guards, men are assigned to 

monitoring and roving patrol jobs to protect 

the forest and wildlife sanctuary, while 

women worked in housekeeping and doing 

clerical jobs such as encoding and 

bookkeeping. (Ang amoa gyud panguna nga 

trabaho ang maong pagkonserba sa mga osa 

sa ancestral domain. Isip guwardiya sa 

kalasangan, ang mga lalaki ang gi-assign sa 

monitoring, ug pagpatrolya or roving arun 

maprotektahan ang kalasangan ug mga 

puluy-anan sa mga wild animals samtang 

ang mga babae nagatrabaho ug pambalay ug 

klerikal nga mga trabaho sama sa encoding 

ug bookkeeping.) Forest guard, Barangay 

Tawantawan, Davao City, Interview number 

7. 

 

Knowledge, Beliefs, and Perception 

Employment preferences. Employment for 

women and men in the Obu Manuvu community is 

dominated by farming and manual labor. However, 

men are more commonly hired for these jobs. More 

men work on farms and in private companies as 

laborers, while women are more likely to work 

overseas as domestic helpers. This pattern is observed 

in the Obu Manuvu community, as locals believe men 

should do more strenuous labor than women. 

Furthermore, women are expected to work at home, 

such as doing household chores and caring for their 

children and husbands. This is also evident in the work 

women are assigned as forest guards. Women forest 

guards are expected to fulfill clerical roles such as 

recordkeeping, bookkeeping, and secretariat duties. 

Women often jot down the group’s observations 

during conservation work. On the other hand, men 

perform productive functions such as foot patrols and 

species monitoring, especially in difficult terrains. A 

forest guard from Barangay Tawantawan, Davao City, 

stated: 

 

Aside from being a forest guard, our work 

here in our barangay is mainly into farming. 

If we don't have work in the farm, we also do 

manual labor. We are hired for other farms 

and in some in private companies to work as 

laborers. Women also work as domestic 

helpers abroad (Forest guard, Barangay 

Tawantawan, Davao City, Interview number 

8). This is further elaborated by a lady forest 

guard from the same Barangay: At home, we 

do household chores and care for our 

children and husbands. (Gawas sa pagka-

guwardiya sa lasang, pagpanguma ang amoa 

gyud trabaho sa barangay. Kung wala kami 

pagabuhaton sa uma, nagapanghornal pod 

kami. Gina-hire pod kami sa laing mga uma 

ug sa mga pribado nga kompaniya isip 

laborer. Ang ubang mga babae nanarbaho 

pod sa laing nasod isip domestic helper.) 

Forest guard, Barangay Tawantawan, Davao 

City, Interview number 7. 

 

Decision-Making Power 

Equal participation. The entire community 

of the Obu Manuvu tribe is allowed to participate in 

the decision-making process. Women and men are 

organized into groups so that everyone will have the 

opportunity to express their concerns and participate 

in community discussions and decisions. They have 

organized a women’s organization to ensure that 

women have equal opportunities to participate in the 

process. Community members are also given the 

chance to voice their opinions on deer conservation in 

their ancestral domain, allowing them to advocate for 

their views to higher authorities such as the local 

government units (LGUs), non-government 

organizations (NGOs), and the Pusaka Council.  The 

following statements by a female forest guard best 

illustrate this: 

 

As members of the community, we are given 

the opportunity to participate in meetings 

and discussions. Whenever there are 

decisions that need to be done in the 

community, we are being consulted. We voice 

out our opinions in terms of conserving the 

deer. That is why our organization is being 

organized in the barangay (Forest guard, 

Barangay Carmen, Davao City, Interview 

number 6). This is further elaborated by a 

forest guard from Barangay Tambobong, 

Davao City: We also have a woman-leader. 

Through her, we are represented in meetings 

and in some discussions in the community. If 

we have issues and concerns, we lobby these 

to our leader. (Isip miyembro sa komunidad, 

gihatagan kami ug oportunidad nga 

mupartisipar sa mga meeting ug diskusyon. 

Kung aduna man desisyon nga pagabuhaton 

sa komunidad, ginakonsulta kami. 

Makapahayag kami sa amoa tingog kabahin 

sa pagkonserbar sa mga osa. Maong ang 

amoa grupo giila sa barangay.) Forest guard, 

Barangay Tambobong, Davao City, 

Interview number 4. 
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Laws, Legal Rights, Policies, and Institutions 

Property ownership. The legal rights of the 

Obu Manuvu tribe have been defined by Philippine 

laws stipulated in the Indigenous People’s Rights Act 

(IPRA) of 1997, or Republic Act No. 8371. Laws and 

policies that protect the rights of the members of the 

community and their ancestral lands are also provided 

by the Pusaka council/council of elders, following the 

policies stipulated in RA 8371. Pusaka council is a 

community-based association or organization of the 

indigenous group of Obu Manuvu. It strengthens IP 

protection and management of local conserved areas, 

enforces IP customary laws on sacred areas and 

policies for conservation actions, and increases local 

commitment through conservation initiatives. 

Through Pusaka, women and men in the OMAD are 

now allowed to speak about their brand of 

conservation and receive commendations from other 

IP groups. In performing their forest guard functions, 

women and men are also guided and protected by laws. 

Property ownership is best illustrated through the 

following statements: 

 

In our work as forest guards, law protects us 

all. One of the laws that protect us is the 

Indigenous People’s Right Act (IPRA) of 

1997 or Republic Act No. 8371. The Pusaka 

Council also governs us. This Pusaka 

Council is our council of elders from the 

Indigenous People of Obu Manuvu that also 

protect our rights in the community, and our 

ancestral lands. (Sa amoang trabaho isip 

gwardiya sa kalasangan, ang balaod 

nagaprotekta kanamo. Isa sa mga balaod nga 

nagaprotekta kanamo mao ang Indigenous 

People’s Rights Act (IPRA) 1997 o gitawag 

nga Republic Act No. 8371. Gidumalaan pod 

kami sa Pusaka Council. Ang Pusaka 

Council ang amoang council of eleders gikan 

sa Indigenous People sa Obu Manuvu nga 

nagaprotekta sa amoang katungod sa 

komunidad, ug sa amoang ancestral land.) 

Forest guard, Barangay Salaysay, Davao City, 

Interview number 1. 

 

People’s priorities and needs/ opportunities and 

constraints 

Need for livelihood programs. The 

livelihood program is considered one of the priorities 

and needs of some members of the Obu Manuvu 

community. Providing livelihood programs, as 

emphasized by community members, especially the 

forest guards, is seen as a way to alleviate poverty. If 

both women and men can benefit from these programs, 

it is expected that the employment rate will increase 

and the needs of their families will be met. 

Unfortunately, due to limited support for their 

ecosystem services or labor in forest conservation, 

forest guards often have to use their own materials and 

funds such as bags and food allowance during 

conservation activities. This means that instead of 

earning a livelihood, some of the forest guards spend 

their resources for conservation work. A forest guard 

best expresses the need for livelihood programs: 

 

We would like to let you know of our concerns. 

Our number one problem is to get a main 

source of income. While our allowances as 

forest guards helped us with some of our 

needs at home, it is not enough to feed the 

whole family. That is why we appeal to 

government to provide us with livelihood 

programs. (Gusto namo ipahibalo ang amoa 

mga mulo. Ang numero uno namo nga 

problema mao ang makakuha ug main source 

of income. Samtang ang among mga 

allowance isip mga guwardiya sa kalasangan 

nakatabang kanamo sa pipila sa among mga 

panginahanglan sa balay, kini dili igo sa 

pagpakaon sa tibuok pamilya. Mao nga 

naghangyo kami sa gobyerno nga hatagan 

kami mga programa sa panginabuhi.) Forest 

guard, Barangay Tambobong, Davao City, 

Interview number 3. 

 

 

DISCUSSION 

 

Gender Gaps  

Access to education and employment 

preferences. Gender gaps have appeared in access to 

education for women and men in the Obu Manuvu 

population. Although these gaps have narrowed over 

time, significant disparities still exist among 

indigenous peoples (Reimão and Tas 2017). Among 

the Obu Manuvus, the gaps are linked to poverty, as 

indicated by the average monthly income of the forest 

guards, which ranges from PHP 900.00 to PHP 

11,250.00. The Obu Manuvus heavily rely on their 

ancestral domains, particularly forest resources like 

deer meat, for their food and livelihood. This is 

consistent with the socio-economic reliance on forest 

products and wildlife observed in rural areas of 

developing countries (Mukul et al. 2015; Garekae et 

al. 2017; Ali et al. 2020). The rural poor often depend 

on various natural resources and ecosystem services, 

and therefore, they are affected by its degradation 

(Adams et al. 2012; Matos 2022).  

Both women and men in the Obu Manuvu 

community are involved in the conservation of 

Philippine brown deer. Men, in particular, have a duty 

to protect their ancestral domains. The Obu Manuvus 

derive their livelihood from farming on their 

traditional lands. However, due to poverty, both 

women and men face challenges in completing formal 

education.  Addressing gender issues in conservation 
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is crucial, as it requires considering the challenges 

faced by women and men in terms of workload, 

perception, and traditional gender roles and 

expectations (Evans 2017).   

Moreover, gender relations play an essential 

role in biodiversity conservation (Alvarez and Lovera 

2016) partly because women and men have different 

roles within the farming household (Al Mubarak 

2021). These roles entail additional responsibilities 

related to variety selection and maintenance. For 

example, women are often required to travel to distant 

areas to collect water, timber, plants, and animal 

products (Al Mubarak 2021). Furthermore, women 

and men have different perspectives on farm-related 

matters, contributing to a more holistic approach to 

farming. While it is difficult to determine who can 

better represent the farming system, acknowledging 

the significance of differentiating women’s and men’s 

needs and knowledge is crucial. 

 

Gender Parity  

Access to information and training 

programs, employment services, equal 

participation, and property ownership. Women and 

men have equal access to information and training 

programs, employment services, and property 

ownership. Biodiversity conservation offers an 

opportunity for conservation practitioners and local 

communities to access comprehensive guidelines and 

training by addressing gender equality in their 

activities (Westerman 2021). Advances in science, 

technology, and social sciences provide significant 

opportunities for developing alternative solutions and 

disseminating information. This means that both 

genders are equally capable of engaging in 

conservation decisions and actions. 

Moreover, biodiversity conservation 

initiatives provide an opportunity for local 

communities to engage and contribute to addressing 

biodiversity degradation while creating employment 

opportunities. In recent years, business corporations 

have integrated biodiversity conservation into their 

operational strategies (Torelli and Balluchi 2022). 

Working with local partners who possess knowledge 

of the status of regional or national ecosystems is key 

to identifying the long-term benefits of biodiversity 

and effective conservation measures. Potential 

partners include, but are not limited to, government 

agencies, local communities, conservation NGOs, and 

private sector actors, such as timber concessionaires.  

Collaborative efforts involving various 

stakeholders can be facilitated by local, national, or 

international NGOs (Visseren-Hamakers et al. 2012; 

Romero-Brito et al. 2016). By adopting a “gendered 

approach” to conservation, organizations such as 

NGOs and LGUs believe can achieve environmental 

and social outcomes by involving women in 

community discussions and management (Evans 2017; 

Yang et al. 2018). Similarly, it is essential to 

document the gender roles of Obu Manuvu women 

and men as a baseline for promoting equal rights, 

inclusive participation, and women’s empowerment. 

 

Issues and Concerns 

 Need for livelihood programs. Although 

the Obu Manuvus were provided with an opportunity 

in terms of their access to training programs to pursue 

deer conservation, it was also reported that the need 

for livelihood programs greatly concerned them 

(Villegas et al. 2022a, b). Many studies have been 

conducted on the association between the degree of 

engagement of indigenous peoples in conservation 

programs and livelihood interventions (Bridgewater et 

al. 2015; Oldekop et al. 2015; Nguyen et al. 2019; Fa 

et al. 2020; Di Sacco et al. 2021). For conservation 

initiatives to be successful, it is also necessary to 

simultaneously enhance local livelihoods. There is a 

need to prioritize payment for ecosystem services to 

sustain local conservation efforts (Bhatta et al. 2014; 

Kaiser et al. 2021).  

The main reason gender is considered in 

conservation is to protect nature for the well-being of 

people. When making decisions about conservation, it 

is important to consider that both women and men 

should have the right and ability to participate, as they 

are both users of natural resources (Evans 2017). To 

sustain and strengthen these efforts, it is crucial to 

provide adequate training and support, including 

capacity-building initiatives and financial 

remuneration for the forest guards. There is a need to 

ensure that the Obu Manuvu community can continue 

to protect and preserve this sacred species for 

generations to come.  
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ABSTRACT 
 

This concurrent mixed-methods study investigates the landscape of flexible learning in graduate 

education among 41 coursework academic programs at five State Universities and Colleges (SUCs) in 

the Davao Region, Philippines. Data collection included an online survey with 422 graduate students and 

interviews with ten graduate program enrollees. The study employed a combination of statistical mean 

analysis and Colaizzi's phenomenological data analysis framework for data interpretation. Through the 

Community of Inquiry (CoI) framework, this research indicates high ratings for the three essential 

dimensions of CoI Theory - teaching, social, and cognitive presence, reflecting a significant level of 

satisfaction with flexible learning in the graduate education programs offered by State Universities in the 

Davao Region. Guided by Schlossberg's Transition (ST) Theory, this study uncovers promising 

opportunities associated with flexible learning. Graduate students are presented with the prospects of self-

directed learning, financial and time savings, enhancement of digital skills, multitasking abilities, and the 

cultivation of crucial soft skills. However, flexible learning is not exempt from limitations, including 

challenges on unreliable internet connectivity, power interruptions, electronic device-related risks, 

financial stress, and balancing multiple work and academic responsibilities. To surmount these 

challenges, graduate students employ various coping strategies such as effective time management, 

maintaining a positive outlook, and seeking support from family, colleagues, classmates, friends, and 

their institutions. This research contributes to enhancing the sustainability and enrichment of flexible 

learning in graduate education. It strongly advocates for a comprehensive analysis of a multifaceted 

framework, alignment of flexible learning with graduate students' preferences, and a nuanced 

understanding of the evolving landscape of flexible learning in graduate education. 

 

Keywords: colleges, concurrent mixed-methods design, flexible learning, and state universities 
 

 
 

 

INTRODUCTION 

 

  Flexible learning, also known as blended 

learning, has gained widespread adoption in academic 

institutions in response to the COVID-19 pandemic, 

reshaping conventional learning paradigms. In 

response, institutions started implementing web-based 

learning and traditional place-based classroom 

methods (Singh et al. 2021). However, despite its 

success, scholars like Gacotano et al. (2021) have 

highlighted a plethora of challenges, including the lack 

of network access, economic instability, the digital 
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divide, a shortage of digital devices, distractions in the 

learning environment, expensive internet data, health-

related problems, resource scarcity, digital illiteracy, 

and reduced motivation.  Rotas et al. (2020) further 

underscore the problems of unstable internet 

connectivity, inadequate learning resources, power 

interruptions, vague learning contents, overloaded 

lesson activities, limited teacher guidance, poor peer 

communication, conflicts with home responsibilities, 

subpar learning environments, financial constraints, 

compromised physical health, and mental health 

challenges in flexible learning.  

 Moreover, student perceptions of flexible 

learning during the pandemic, as reported by Al-

Mawee et al. (2021), reflect a spectrum of emotions, 

indicating a complex picture. The study by Xu and 

Jaggars (2014) reveals that students who previously 

struggled academically in traditional face-to-face 

settings may face even more significant hurdles when 

transitioning to distance learning, resulting in lower 

grades. Notably, hybrid learning, as a form of flexible 

learning, presents its challenges, including the need for 

reliable internet access, the imperative for effective 

time management to complete virtual coursework, and 

the risk of distractions (Carlton 2020). However, it is 

essential to acknowledge that flexible learning has 

empowered students with enhanced self-regulated 

learning abilities, enabling them to effectively engage 

in learning activities within this evolving educational 

landscape (Turan et al. 2022). 

 While an expanding body of literature 

acknowledges the transformative potential of flexible 

learning in reshaping contemporary education, a 

conspicuous research gap remains, particularly in its 

application to graduate education within State 

Universities and Colleges (SUCs) in the Davao 

Region, Philippines. As Müller and Mildenberger 

(2021) aptly recommended, there is a pressing need for 

additional high-quality primary studies across diverse 

academic disciplines to investigate flexible learning in 

graduate education. These studies should adhere to 

rigorous methodological standards to validate existing 

findings and assess the efficacy of flexible learning in 

diverse academic disciplines and settings. It is 

essential to include a broad spectrum of disciplines, 

enabling a comprehensive examination of the 

contextualization of flexible learning and its suitability 

for various subject areas. 

 This concurrent mixed-methods study explores 

the future of education by closely examining the 

adoption and sustained incorporation of flexible 

learning within graduate programs at State 

Universities and Colleges (SUCs) in the Davao 

Region, Philippines. Furthermore, it delves into the 

educational journeys of graduate students within the 

domain of flexible learning, utilizing the lenses of the 

CoI and ST theories to offer insightful perspectives. 

To this end, it uses a survey to assess the dimensions 

of teaching, cognitive, and social presence, providing 

valuable insights into the educational journeys of 

graduate students. In addition, in-depth interviews are 

employed to unearth the nuanced experiences of 

graduate students engaged in flexible learning. By 

artfully integrating both quantitative and qualitative 

research designs, this study aspires to offer a 

comprehensive understanding of graduate students' 

experiences in flexible learning, affording a well-

rounded and insightful perspective on the subject. The 

study's primary objectives include: 1. To determine the 

teaching, social, and cognitive presence in the 

educational experiences of graduate students engaged 

in flexible learning; and 2. To explore the educational 

encounters of graduate students, including the 

opportunities, limitations, coping strategies, and 

support mechanisms that contribute to effective 

flexible learning. 
 
 

METHODS 
 

This section presents a comprehensive 

overview of the fundamental elements necessary for 

the research conducted in this study. It includes 

detailed explanations of key components, including 

the research design, study participants, research site, 

sampling methodology, research instruments 

employed, data collection approach, and the 

subsequent data analysis process. These elements 

collectively establish the framework that guides the 

research endeavors of this study. 
 

Research Design  

This study used a concurrent mixed-methods 

approach, as outlined by Sukiman et al. (2022), 

allowing for the simultaneous collection of 

quantitative and qualitative data. A concurrent mixed-

methods procedure involves the researcher's adept 

integration of quantitative and qualitative data to 

provide a thorough and holistic analysis of the 

research problem (Creswell 2009). 

In the quantitative phase, an online survey was 

conducted to determine the levels of teaching, social, 

and cognitive presence in graduate students’ 

educational experiences in flexible learning. The 

qualitative phase explored the diverse aspects of 

graduate students' educational experiences, 

encompassing their perceptions of opportunities, 

limitations, coping strategies, and support structures in 

flexible learning. 
 

Research Site 

The study was carried out across five State 

Universities and Colleges (SUCs) in the Davao Region, 

Philippines, namely Davao del Norte State College, 

Davao del Sur State College, University of 

Southeastern Philippines, Davao Oriental State 

University, and Southern Philippines Agri-Business 
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and Marine and Aquatic School of Technology, offer 

a diverse array of graduate programs. 

 

Sampling Procedure 

For this study, a combination of sampling 

methods was thoughtfully employed. As Rahman et al. 

(2022) advocated, simple random sampling was used 

in the quantitative phase, while purposive sampling 

was employed in the qualitative, step in line with 

Thomas (2022). In the quantitative phase, the study 

involved 422 respondents, all graduate students 

enrolled in State Universities and Colleges (SUCs) in 

the Davao Region and actively participating in flexible 

learning programs. This diverse group of graduate 

students represented 41 academic disciplines clustered 

to 11 areas and was selected based on their availability 

and willingness to provide valuable insights (Table 1). 

In the qualitative phase, ten informants were chosen 

purposively from the pool of graduate students 

participating in flexible learning programs. The aim is 

to ensure a balanced representation of perspectives, 

including positive, negative, or mixed experiences 

with flexible learning. All participants are currently 

enrolled in a graduate program, contributing to a 

comprehensive understanding of the flexible learning 

landscape in the region. It is worth noting that the 

sampling criteria excluded indigenous peoples, minors, 

and pregnant women in the research's quantitative and 

qualitative phases. 

 

Table 1. Respondents of the study (n = 422). 

Graduate Programs per Cluster 

  

Number of 

Respondents 

Percentage 

of 

Respondents 

Doctor of Education (Educational Leadership and Management/Educational 

Management) Doctor of Philosophy in Education major in Educational Leadership and 

Educational Management 

83 

 

  

20 

 

  
Doctor of Philosophy (Biology/Development Research Administration/Horticulture) 4 1 

Master in Business Administration/Public Administration/Economics/Econometrics 48 11 

Master in Agriculture/Environmental Science/ Fisheries Management/Marine 

Biodiversity/Engineering 

30 

  

7 

  
Master of Arts in Educational Management/Master of Educational Management 153 36 

Master in Education/Extension Education/Technology Education 24 6 

Master of Arts in Education/Basic Education/Special Education/Guidance and 

Counseling/Master of Education 

32 

  

8 

  
Master of Arts in Language Teaching/Teaching English/English Language 

Teaching/Master in Education in Language Teaching 

15 

  

4 

  
Master of Science in Teaching Mathematics/ Master of Arts in Mathematics 

Education/Teaching Math 

5 

  

1 

  
Master of Science Teaching (General Science/Biology)/Master of Arts in Science 

Teaching 

28 

  

7 

  
Total  422 100 

Research Instrument 

 This study employed two primary data 

collection tools: a survey questionnaire and an 

interview guide. For the quantitative phase, the 

research utilized a well-established and validated 

questionnaire developed by Arbaugh et al. (2008). It 

was adapted, contextualized, and validated by 

validators who are experts in this field. This 

questionnaire features structured questions centered 

around teaching, social, and cognitive presence and 

employs a five-point Likert scale to measure 

responses. Additionally, a pilot test was done among 

graduate students from the five SUCs to ensure 

questionnaire validity and reliability. The adapted 

questionnaire has a Cronbach alpha coefficient of 

0.968. A Cronbach's Alpha of 0.70 or higher is 

considered good, 0.80 or higher is better, and 0.90 or 

higher is outstanding. A Cronbach's Alpha of 0.60 or 

higher is deemed satisfactory (UCLA 2021). 

 Conversely, an interview guide was developed 

in the qualitative phase, and its validity was confirmed 

through consultation with two experts. Additionally, 

the guide underwent a trial run with two individuals 

not participating in the study, ensuring its 

effectiveness and clarity. The interview guide 

consisted of open-ended questions designed to elicit 

detailed insights from students concerning their 

academic experiences in flexible learning, focusing on 

promising opportunities, encountered limitations, 

coping strategies, and the presence of necessary 

support for effective learning.  
 

Data Collection Procedures 

This study harnessed the power of Google 

Forms, a platform outlined by Ball (2019), to 

administer online surveys and streamline capturing 

responses from in-depth interviews. Before data 

collection, formal permissions were diligently 

obtained from the presidents of the concerned State 

Universities and Colleges (SUCs) in the Davao 
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Region.  Before the commencement of interviews, the 

study adhered to ethical protocols by obtaining 

informed consent from all participants. This process 

ensured that individuals understood the study's 

objectives and willingly participated in the interview 

process. 
 

Data Analysis 

The analysis of data involved both quantitative 

and qualitative approaches. Quantitative data on the 

levels of teaching, social, and cognitive presence in 

students' academic experiences were assessed using 

the mean, as outlined by Bland (2015). Collaizi's 

phenomenological data analysis framework, guided by 

Praveena and Sasikumar (2021), was employed for the 

qualitative data. The analysis process commenced 

with a comprehensive reading of each transcript to 

better understand flexible learning in graduate 

education. Subsequently, notable statements on 

flexible learning in graduate education were extracted 

from each transcript. From these significant statements, 

meaningful insights were formulated. These 

formulated meanings were then organized into 

categories, clusters of themes, and overarching themes 

using the approach advocated by Wirihana et al. 

(2018). The study's findings were synthesized to 

provide a comprehensive portrayal of the landscape of 

flexible learning in graduate education. This synthesis 

illuminated the fundamental structure of flexible 

learning within the context of graduate education, 

offering an in-depth understanding of this educational 

modality. 
 

 

RESULTS 

 

Teaching, Social, and Cognitive Presence in 

Flexible Learning of Graduate Education of State 

Universities and Colleges in the Davao Region 

 Table 2 reveals the summary of the quantitative 

result of flexible learning of graduate education of 

state universities and colleges in the Davao Region in 

terms of the three domains, namely teaching, social, 

and cognitive presence. Each domain acquired a mean 

of 4.34, 4.03, and 4.18 respectively. The quantitative 

investigation from the lens of (CoI) revealed that the 

three domains of the educational experiences of the 

graduate students engaged in flexible learning have a 

high descriptive level. 

 

Promising Opportunities, Limitations Coping, 

Strategies, and Support in Flexible Learning of 

Graduate Education at State Universities and 

Colleges in the Davao Region  

From the lens of Schlossberg's Transition 

Theory, this research uncovers various opportunities 

within flexible learning for graduate students, 

encompassing autonomous self-learning, cost and 

time efficiency, digital skill advancement, 

multitasking finesse, and honing essential soft skills. 

Conversely, the canvas of flexible learning also 

presents its share of constraints, ranging from the 

vexation of unreliable internet connectivity and 

sporadic power disruptions to the potential risks posed 

by electronic devices, financial burdens, and the 

juggling act of work and academic responsibilities. In 

response, graduate students employ adaptive strategies 

such as prioritization, seeking guidance, diligent 

reading, relaxation techniques, fostering a positive 

mindset, and effectively managing their multifaceted 

responsibilities. A robust support network for 

optimizing flexible learning emanates from various 

quarters, including family, peers, colleagues, 

classmates, friends, and the institution (Table 3). 
 

 

DISCUSSION 
 

Teaching, Social, and Cognitive Presence in 

Flexible Learning of Graduate Education of State 

Universities and Colleges in the Davao Region  

 The study's findings, indicating a high teaching 

presence in the flexible learning context for graduate 

students, find substantial support in the literature 

reviewed. Pawan et al. (2003) emphasized teachers' 

interaction, facilitation, and direction in higher-order 

learning, aligning with the study's high teaching 

presence. Akyol et al. (2009) and Jackson et al. (2010) 

highlighted teaching presence as effective in online 

learning, influencing course structure and student 

satisfaction. The study's findings echo these 

observations, emphasizing the impact of teachers' 

actions on students' learning experiences and 

contentment. Additionally, Shea et al. (2006) and 

Akyol et al. (2009) stressed the importance of teaching 

presence in maintaining a community of learners, 

which resonates with the study's identification of high 

teaching presence fostering a sense of community 

among graduate students. Furthermore, Zhang et al. 

(2016) and Law et al. (2019) pointed out the role of 

teaching presence in enhancing social and cognitive 

engagement, mirroring the study's findings that 

teachers' interactions and direct instructions improve 

these aspects among graduate students. This result 

indicates that the planning, coordination, and 

management of cognitive and social processes to 

achieve learning outcomes that are personally 

meaningful and educationally valuable (Anderson et 

al. 2019) are already in place. Moreover, the ability of 

graduate students to identify with the community, 

communicate purposefully in a trusting environment, 

and develop interpersonal relationships by protecting 

their personalities is also very satisfactory. The extent 

to which learners can construct and confirm meaning 

through sustained reflection and discourse is very 

satisfactory. 
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Table 2. Teaching, social, and cognitive presence in flexible learning of graduate education of State Universities and Colleges 

in Davao Region, Philippines (n = 422). 

 

Variables               n =3 Mean (4.20 sd) Descriptive Level 

Teaching Presence 4.34 High 

Social Presence 4.03 High 

Cognitive Presence 4.18 High 

Table 3. Promising opportunities, limitations, strengths, and 

support in flexible learning of graduate education of SUCs 

in the Davao Region, Philippines. 

 

  

 Teachers have consistently emerged as 

significant catalysts for students' academic 

achievements, as demonstrated by Whittle et al. in 

their 2018 study. This research underscores the 

enduring presence and impact of teachers within the 

educational journey of graduate students, whether 

through online or in-person instruction. In recognition 

of their invaluable contribution, teachers should be 

lauded for their unwavering support as they navigate 

alongside students through the ever-evolving 

landscape of new learning modes. It is imperative for 

educational management to continually prioritize the 

recruitment and retention of dedicated teachers who 

are poised to adapt to and thrive within the dynamic 

educational landscape. 

 This study found a high social presence among 

graduate students in flexible learning settings, 

supported by literature. Shea et al. (2003) showed how 

social presence helps students project themselves into 

the learning community. This idea fits with the study's 

findings that authentic peer connections empower and 

engage students in learning. Bulu (2012) found that 

social presence boosts student satisfaction 

psychologically. The study found that graduate 

students' learning experiences are more satisfying and 

enriching when they feel socially present. Wei et al. 

(2012) added to this discussion by linking social 

presence, interaction, and collaborative learning. The 

study found that authentic connections empower and 

engage graduate students, and high social presence 

improves graduate students' enjoyment and collective 

learning experiences. Sung and Mayer (2012) stressed 

the importance of leaders in creating a learning 

community through positive influences, rapport, and 

peer connections. Social presence is crucial to a 

supportive and inclusive learning environment. In this 

context, Wei et al. (2012) emphasize that learners must 

perceive an appropriate degree of social presence to 

feel comfortable interacting with others, which, in 

turn, significantly enhances and improves student-to-

student interactions. Effective communication social 

bonds within the group are crucial for maintaining an 

open conversation and social bonds to sustain the 

learning community (Thompson and MacDonald 

2005). 

Social presence plays a significant role in the 

educational journey of graduate students. They find 

peer support that inspires them to finish their studies. 

Thus, looking for a support system may help in 

graduate education. Additionally, the domain of 

cognitive presence is also defined as high, which 

means that the student's exploration and construction 

of ideas, technical resolution, and understanding is 

through collaboration and reflection in the learning 

group. Garrison (2003) stated that cognitive presence 

is the primary key to successful higher education. The 

essential element in the academic endeavor focuses on 

the student's talent and ability to encrypt meaning 

through reflection and continuous discussion 

(Garrison et al. 2000). Cognitive presence indicates 

that the teachers had a better understanding of the 

difficulty and development of the students as well as 

measuring the learning environment, which 

manifested to be an essential part of the learning 

setting (Garrison and Vaughan 2007).  

 This study demonstrates that flexible learning 

in graduate education aligns with the principles of 

andragogy, catering to the specific needs of adult 

learners. Within graduate education, a pivotal focus 

lies in refining higher-order thinking skills among 

graduate students. In this pursuit, the administration of 

graduate programs plays a crucial role in nurturing and 

sustaining the development of these critical higher-

order thinking skills. Indeed, the paramount objective 

of graduate education is to foster the growth of these 

cognitive capabilities among students. 

 
Promising Opportunities, Limitations Coping, 

Strategies, and Support in Flexible Learning of 

Graduate Education at State Universities and 

Colleges in the Davao Region 

 This study unveiled promising opportunities 

within flexible learning, enabling graduate students to 

file:///C:/Users/virtu/Downloads/Flexible-Learning-for-Publication_edited_Feb-7-2023%20(1).docx%23bibr15-00472395221095169
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embark on self-directed learning, harness cost and 

time savings, elevate their digital prowess, master the 

art of multitasking, and refine essential soft skills. The 

following paragraphs delve into these transformative 

themes.  

Self-learning. The program outcome of graduate 

education lies in fostering self-reliant, independent 

learners, whether working individually or 

collaboratively within teams. In the wake of the 

pandemic, adopting flexible learning has led graduate 

students to truly embrace this self-driven learning 

paradigm that empowers them to take charge of their 

educational journey at their own pace. As Milligan and 

Littlejohn (2014) astutely observed, this newfound 

autonomy allows students to determine how and when 

they engage with knowledge and educational activities. 

This shift in behavior and approach aligns seamlessly 

with Zimmerman's (2000) concept of self-regulation. 

Consequently, students have become more mindful of 

their responsibility for learning, relinquishing 

dependency and, in turn, supporting their peers in their 

learning endeavors, as articulated by Ayish and 

Deveci (2019). 

 Flexible learning is exceptionally well-suited 

for graduate education, primarily because the students 

are adult learners. Adult learners, as they already 

possess a degree of maturity and independence, 

typically require less direct oversight from professors 

and often prefer a self-directed learning approach. 

Nevertheless, it's vital to establish a robust feedback 

mechanism between students and professors. This 

feedback serves as a crucial communication bridge, 

affording professors insights into the student's 

progress and level of attainment. With this information, 

professors can make informed decisions regarding the 

students' individualized learning paths and program 

adjustments. 

 Cost and timesaving. Flexible learning is a 

beacon of cost-effectiveness and time efficiency for 

graduate students. In this mode of education, graduate 

students significantly curtail their expenditures by 

eliminating travel-related costs and the need for 

physical course materials. Notably, Belille (2022) 

emphasized that universities increasingly 

acknowledge the credits earned through online courses, 

often at a fraction of the cost of traditional in-person 

classes. Furthermore, the expenses associated with 

flexible learning remain minimal or virtually 

nonexistent, as there are no transportation costs, and 

the need for conventional course materials becomes 

obsolete. This notion aligns with Kumari's (2021) 

observation that learning via electronic devices and 

gadgets streamlines the educational process, allowing 

students to engage in lectures and coursework 

efficiently. Students can complete a week's worth of 

academic activities in approximately 70 hours, all 

from the comfort of their devices. 

 Flexible learning offers distinct advantages in 

graduate education, delivering substantial financial 

benefits to students and higher education institutions. 

It translates to significant student savings by 

minimizing transportation expenses and eliminating 

the need for costly course materials. Beyond the 

individual level, it's equally beneficial for higher 

learning institutions, as they experience reduced 

overhead costs related to electricity consumption and 

the maintenance of physical facilities. Moreover, 

flexible learning enables institutions to efficiently 

accommodate a larger student population by requiring 

fewer physical classrooms, ultimately promoting 

scalability and accessibility in higher education. 

 Digital upskilling. Digital technology is 

pivotal in flexible learning, significantly enhancing 

digital competence among graduate students. Hatlevik 

et al. (2015) noted that this heightened level of digital 

competence encompasses what can be referred to as 

"internet skills." Furthermore, Janssen et al. (2013) 

astutely observed that these digital technologies have 

become more intuitive and user-friendly. This 

transformation has profound implications, as it 

empowers students in terms of technical proficiency 

and the development of higher-order skills such as 

collaboration, creativity, and the ability to construct 

and refine ideas. 

 Flexible learning serves as a vital bridge, 

facilitating the journey of graduate students, 

particularly those needing to be more tech-savvy, to 

acclimate and excel in the new technologies. Within 

the flexible learning framework, graduate students are 

thrust into a dynamic landscape that requires 

familiarity with various learning platforms. For those 

facing challenges, particularly older students who may 

need to be more tech-fluent, there is a proactive 

response in the form of training or mentoring. This 

tailored support equips them with the necessary skills 

and knowledge to navigate the diverse digital 

platforms effectively. They are empowered to adapt to 

and thrive within the evolving technological landscape. 

 Multi-tasking. The allure of flexible learning 

for graduate students lies in its unique ability to 

accommodate multitasking. Graduate students can 

seamlessly integrate their academic commitments with 

the demands of their professional and household 

responsibilities. This phenomenon finds validation in 

the findings of Moreno et al. (2012), which underscore 

that students exhibit a greater tendency for 

multitasking in online courses compared to traditional 

face-to-face settings. In the online sphere, students 

engage in many concurrent activities, aided by the 

versatile nature of the internet. Reinforcing this notion, 

Manwaring et al. (2017) assert that when courses 

incorporate a blend of online and face-to-face 

components, students exhibit an even higher degree of 

multitasking within the online segment of the course. 

This way underscores the adaptability of flexible 
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learning in accommodating the multitasking 

proclivities of graduate students. 

 Soft-skill sharpening. Flexible learning goes 

beyond developing technical competencies and 

provides an ideal environment for nurturing essential 

soft skills among graduate students. The acquisition of 

these soft skills not only boosts their self-confidence 

but also equips them to become more effective 

colleagues, students, and future leaders. Online 

courses, specifically designed to facilitate dynamic 

and interactive learning experiences, encourage 

students to actively communicate and establish 

connections with their fellow learners. They actively 

participate in group discussions on course forums and 

confidently express their perspectives and ideas by 

virtually “raising their hands.” This phenomenon is 

supported by the insights of Ramakrishnan (2002), 

who emphasizes that networking and effective 

communication are among the new proficiencies that 

can be developed through online classes, adding value 

dimension to the skill set of graduate students. 

Drawing from the lens of the Community of 

Inquiry (CoI) framework, it becomes evident that the 

three dimensions of CoI play a significant role in 

fostering a deeply satisfying experience with flexible 

learning among graduate students in State Universities 

and Colleges (SUCs). Moreover, when considering 

Schlossberg's Transition Theory (ST Theory), flexible 

learning emerges as promising avenue. Graduate 

students utilize this modality to embark on a journey 

of self-directed learning, enjoy tangible cost and time 

savings, enhance their digital skills, effectively 

multitask, and sharpen their soft skills.  

Flexible learning serves as a catalyst for honing 

a range of vital soft skills among graduate students. 

These skills include adept time management, effective 

communication, networking skills, and adaptability. 

Consequently, the continued integration of flexible 

learning is poised to produce graduates with a 

balanced blend of hard and soft skills – a quality highly 

sought-after by employers.  

 

Limitations of Flexible Learning in Graduate 

Education 

 This study explores the dynamic landscape of 

flexible learning in graduate education, which presents 

both opportunities and challenges. These limitations 

include insufficient internet connectivity, occasional 

power disruptions, risks associated with electronic 

devices, financial stressors, and the need to balance 

work and academic responsibilities. Each of these 

challenges is examined in detail below. 

 Internet connectivity challenge. The first 

challenge is inadequate internet connectivity, which is 

a significant obstacle for flexible learning in graduate 

education, particularly for students in remote locations 

or areas with slow internet access. This connectivity 

issue can greatly hinder the learning process. Research 

by Hampton et al. (2021) emphasizes the profound 

impact of this challenge, as it reveals that students who 

rely solely on mobile phones due to poor connectivity 

often receive lower grades compared to those with 

better internet access. This aligns with the findings of 

Das (2020), who highlights that slow internet speeds 

and data usage restrictions further impede 

students’ability to effectively utilize educational 

resources. Poor internet connectivity remains a 

significant concern in flexible learning, particularly 

for graduate students in remote areas. These students 

are encouraged to explore potential solutions, such as 

finding a location with stable internet access during 

online classes. By taking proactive steps, connectivity 

issues can be managed, allowing for seamless 

participation in online learning. 

 Electric power interruptions. Another 

challenge in flexible learning is electric power 

interruptions. Since online classes rely on electronic 

devices, power outages can significantly disrupt the 

smooth conduct of these classes. Research by Castillo 

(2020) emphasizes that power outages are a primary 

concern for online learning, especially for students in 

areas with long-standing electricity problems. 

Verawardina et al. (2020) further highlight the plight 

of students in rural areas, where frequent power 

outages and interruptions necessitate support to ensure 

continuous connectivity in online classes. 

 Given the inevitability of power outages, 

whether planned or unexpected, teachers can adopt a 

practical approach by uploading learning resources 

well in advance to the learning management system. 

This strategy empowers students to utilize their time 

productively when the power is restored, ensuring that 

learning can continue without significant disruption. 

During downtime, students can access and engage 

with the uploaded materials, allowing for a continuous 

educational process. 

 Hazard of electronic devices. The use of 

electronic devices in online learning also presents 

potential hazards and health risks for graduate students. 

Research by Cheever et al. (2014) reveals that 

individuals who develop a dependency on their 

devices may experience anxiety when separated from 

them. Mobile and smartphones, as highlighted by 

Wacks and Weinstein (2021), can contribute to 

conditions such as depression, stress, and diminished 

self-esteem. Al Rashidi and Alhumaidan (2017) 

underscore the profound impact of electronic devices 

on personal lifestyles, which has resulted in a 

concerning increase in public health issues attributed 

to prolonged usage. Additionally, Klamm and Tarnow 

(2015) elucidate some of the adverse effects of 

electronic devices, including headaches, eye strain, 

sleep disturbances, social challenges, and dietary 

issues. 

It is crucial to acknowledge that these hazards 

extend beyond the control of online learners. 
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Therefore launching an awareness campaign targeting 

educators and students is essential to promote 

responsible and healthy device usage in online 

learning. 

 Financial stress. While it is true that graduate 

students can save on travel expenses and educational 

institutions can curtail electricity and physical facility 

maintenance costs, adopting flexible learning can 

introduce its financial stressors. This stress stems from 

the necessity of acquiring remote learning devices and 

gadgets, which can be a significant financial burden. 

Matswetu et al. (2013) have highlighted students' 

prevalent financial challenges in online distance 

learning settings. Saavedra (2020) further underscores 

the struggles experienced by students in securing the 

means to sustain their academic requirements, 

particularly when accessing remote learning essentials 

like computers and devices. These difficulties are 

magnified in times of global crises and emergencies. 

 Attending graduate education indeed comes 

with its own set of expenses. Graduate students should 

be academically prepared and financially equipped as 

they embark on this academic journey. Graduate 

education, being a privilege, carries financial 

responsibilities. Graduate students are encouraged to 

explore avenues such as scholarships or financial 

support to assist them in managing their academic 

finances effectively. 
 Multiple work and school-related tasks. 

Graduate students often struggle with the demanding 

juggling of numerous works, school-related 

responsibilities, and family matters, which can pose a 

considerable challenge. This confluence of roles, 

encompassing work, academic pursuits, and family 

commitments, has elicited concerning feedback from 

students. Research by Carrier et al. (2015) sheds light 

on the cognitive consequences of multitasking. 

Attempting to tackle multiple tasks simultaneously 

can lead to the division of finite mental capacity 

among these functions, potentially resulting in reduced 

cognitive engagement in each task and a subsequent 

decline in overall task performance. Bellur et al. 

(2015) further elucidate the impact of this multitasking 

on academic performance, noting a negative 

relationship between concurrently managing multiple 

schoolwork and tasks and a student's Grade Point 

Average. 

 In conclusion, this journey has its set of 

challenges. These include grappling with issues such 

as unreliable internet connectivity, disruptive power 

interruptions, potential hazards of electronic devices, 

financial burdens, and juggling multiple work and 

school-related responsibilities. Managing these 

multifaceted responsibilities is undoubtedly 

challenging, and students must develop effective 

strategies for time management and task prioritization 

to ensure optimal performance across all domains. 

Coping Strategies in Flexible Learning in Graduate 

Education 

 Graduate students effectively address the 

constraints of flexible learning by adopting various 

adaptive strategies. These approaches encompass 

proactively accomplishing tasks, seeking guidance 

and consultation when needed, engaging in 

comprehensive reading, taking moments for 

relaxation, maintaining a positive mindset, and 

skillfully managing the demands of multiple tasks. 

The following sections elaborate on these resourceful 

coping mechanisms. 

 Consulting. In the flexible learning landscape, 

consultation is a pivotal tool graduate students utilize 

for several purposes. It maps out the course, seeks 

clarity on lessons, and adopts it as a strategic approach 

to enhance their learning experience. As illuminated 

by Jordan et al. (2013), consultation is instrumental in 

helping students unlock their full potential and acquire 

the necessary skills, often under the nurturing 

guidance of the teacher. This process entails the 

teacher providing direction and creating meaningful 

learning experiences. Additionally, as Lenz (2015) 

underscores, consultation fosters a positive teacher-

student relationship in the academic sphere. It 

encourages open dialogue and emotional sharing, 

fostering a supportive, collaborative skills 

development and leadership environment. Cadosales 

(2017) further reinforces the significance of 

consultation in facilitating students' engagement with 

their academic journey, leading to self-examination, 

emotional connections, and the development of the 

ability to assess their strengths and weaknesses in 

detail. 

Consulting is vital in addressing uncertainties 

and challenges in the flexible learning context of 

graduate education. It provides graduate students and 

teachers an avenue for in-depth discussions, whether 

in face-to-face or online settings. Given the 

accessibility of teachers through various online 

platforms, educators need to make themselves readily 

available to assist graduate students, with the 

expectation that students observe online etiquette in 

their interactions. The combination of support and 

engagement enhances the quality of the learning 

experience. 

 Getting things done. In the face of various 

demanding tasks, graduate students demonstrate their 

exceptional ability to complete these undertakings, 

reflecting remarkable self-efficacy effectively. This 

self-efficacy drives students to excel by amplifying 

their commitment, unwavering perseverance, and 

wholehearted endeavor (Pintrich 2003). Getting things 

done signifies self-efficiency and significantly reduces 

the likelihood of academic setbacks, as those with 

robust self-efficacy tend to experience fewer failures 

(Kurbanoglu and Akim 2010). High levels of self-

efficacy enable learners to become more self-reliant, 
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emboldening them to confront and overcome complex 

challenges inherent in their educational journey (Sadi 

and Uyar 2013).  

 Graduate students find themselves compelled 

to fulfill their academic requirements, as they need to 

do so to improve their academic performance and 

grades. In cases where graduate students encounter 

challenges in completing their school requirements, a 

practical approach may involve advising them to 

consider reducing their course load. This arrangement 

enables students to receive coursework that aligns with 

their individual capabilities and specific academic 

needs, thus ensuring a more manageable and effective 

learning experience. 

 Reading. In flexible learning, graduate 

students benefit immensely from robust reading 

practice, bolstering their understanding and 

comprehension of course material and empowering 

them to tackle the challenges of this mode of education 

effectively. As Eagleton and Dobler (2015) suggest, 

reading is a valuable tool for assessing the credibility 

of online information. Moreover, as Clarke et al. 

(2013) highlighted, academic success hinges on a 

student's ability to gather information from reading 

and comprehend, apply, and analyze it. Unrau and 

Alvernmann (2013) stress that reading comprehension 

skills are indispensable for students to meet their 

academic requirements, as reading transforms text into 

meaningful symbols that facilitate comprehension.  

 Critical reading is paramount to success in 

graduate education, particularly as adult learners are 

expected to undertake independent learning. To 

achieve this, graduate students must actively use 

various learning resources, including online databases, 

for their research projects. Given the proliferation of 

online resources, graduate students must develop 

discerning judgment when evaluating the utility of 

these resources for their educational journey. 

 Taking time to relax. Graduate students 

recognize the importance of relaxation as a vital 

coping strategy. Setting aside time for relaxation 

effectively reduces stress levels, enhances cognitive 

function, and elevates overall performance and 

productivity. Research conducted by Cornell 

University lends empirical support to this practice, 

revealing that taking breaks after study sessions leads 

to increased energy, heightened focus, improved 

productivity, and mental rejuvenation. Furthermore, 

indulging in enjoyable activities during relaxation, 

such as cooking, listening to music, or engaging in 

conversation, fosters happiness, amplifying 

productivity (Yeung, 2018). 

 Maintaining a work-life balance is crucial for 

graduate students. Pausing for moments of respite and 

rejuvenation is an essential component of their 

journey. They can explore various relaxation 

techniques that align with their preferences. 

Additionally, universities and colleges often provide 

facilities and programs to facilitate and promote these 

much-needed moments of relaxation. 

 Having a positive attitude. Maintaining a 

positive attitude plays a pivotal role in bolstering the 

morale of graduate students as they confront the 

challenges inherent in flexible learning. This 

optimistic outlook shapes their future with hope and 

empowers them to engage wholeheartedly in 

endeavors aimed at success. Research by Carver et al. 

(2010) underscores the substantial benefits of 

maintaining a positive attitude, as it equips individuals 

with enhanced coping skills, bolsters physical health, 

mitigates stress levels, and propels them toward the 

relentless pursuit of objectives. Furthermore, Scott 

(2022) notes that embracing the brighter side of 

situations leads to positive experiences characterized 

by reduced stress levels and a heightened appreciation 

for the significance of a healthy life. A positive attitude 

serves as a beacon of resilience and motivation for 

graduate students, guiding them through the intricate 

terrain of flexible learning and inspiring them to strive 

for success persistently. 

 Positivity, often described as a magnet for good 

vibes, significantly eases the academic journey of 

graduate students. It infuses their lives with optimism, 

making avoiding worries and negative thinking more 

attainable. A positive attitude, therefore, becomes an 

essential companion for every graduate student, 

enabling them to savor the educational experience and 

flourish in their academic pursuits. Its influence in 

fostering resilience and promoting an atmosphere of 

success is undeniable.  

 Managing multiple tasks. Graduate students 

can handle various tasks, and they can improve 

productivity. Effective management allows graduate 

students to finish their assignments in less time 

because their attention is focused, and they are not 

wasting time on distractions. Auld (2019) stressed that 

by properly managing the tasks, students can complete 

their work on time, stay connected and engaged with 

their learning, and have more time for their other 

activities and hobbies and spending time with family 

and friends. 

Those who excel in time management relish a 

harmonious work-life balance and often earn 

accolades for their academic performance, completing 

their programs within the expected timeframe. In 

contrast, graduate students struggling with time 

management may experience academic setbacks, 

reflected in incomplete grades and prolonged program 

completion. Giving them clear task timelines and 

establishing a close monitoring system is advisable to 

help them enhance their management skills. 

Resilient and adaptable graduate students 

employ various coping strategies to overcome these 

hurdles. These strategies include resourceful problem-

solving, insightful consultations, voracious reading, 

well-deserved moments of relaxation, the cultivation 
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of positive mindsets, and the art of efficient 

multitasking.  

 

Support for Effective Learning in Flexible 

Learning of Graduate Education 

 In flexible learning within graduate education, 

graduate students are not alone in their academic 

journey. They receive valuable support from a 

network encompassing family, colleagues, classmates, 

friends, and educational institutions. The ensuing 

sections delve into the significance and roles of these 

support systems.   

 Family financial and moral support. 

Graduate students often find invaluable 

encouragement through financial and moral support 

from their families, which fuels their determination to 

pursue advanced studies. This observation aligns with 

the research by Ghazi et al. (2010), emphasizing that 

students' motivation surges when their parents express 

appreciation for their achievements and performance. 

Further underscoring this familial influence, Chohan 

and Kohan (2010) reveal that learners attain 

tremendous academic success when their parents 

actively support their educational endeavors. Moneva 

et al. (2020) provide deeper insights, noting that the 

level of financial support from parents is closely 

linked to students' motivation, with optimism playing 

a key role in motivating learners to tackle their tasks. 

Interestingly, a higher degree of financial support from 

parents significantly amplifies students' motivation for 

academic success. This body of evidence underscores 

the importance of parents' financial and moral support 

in shaping learners' academic success. 

 Even as adults pursuing their graduate studies, 

graduate students greatly benefit from the unwavering 

support of their families. Financial assistance from 

family members can significantly alleviate the 

financial burden, especially during the demanding 

phases of thesis or dissertation writing. It proves 

advantageous to have a family member with a stable 

income who can contribute to the financial 

requirements of advanced studies. In cases where such 

familial financial support is not available, responsible 

financial planning, including budgeting for school fees 

and associated expenses, becomes essential. Beyond 

financial aid, the moral support provided by family 

members plays a pivotal role in maintaining high 

spirits and motivation throughout the academic 

journey. Encouragement, belief, and understanding 

from loved ones serve as an anchor that fortifies a 

graduate student's resolve and resilience as they 

navigate the challenges of higher education. 

Colleagues for academic support. Graduate 

students find invaluable academic support from their 

colleagues, who play pivotal roles in their academic 

pursuits. These peers serve as valuable sources of 

information for data collection in research projects and 

provide crucial technological assistance. The 

significance of colleague support becomes evident in 

the findings of Boyle et al. (2010), where it is observed 

that students experience heightened motivation and 

engagement when they receive support from their 

peers. Additionally, their study skills improve, and 

they can discuss their academic workload and resolve 

personal challenges when colleague-mentoring 

support is in place. The importance of the colleague 

support system is further underscored by Muljana and 

Luo (2019), who emphasize their essential role in 

assisting online learners in surmounting barriers to 

learning. This support system also plays a critical part 

in fostering learner development, promoting 

engagement, and ultimately ensuring success in online 

education. 

 This result reinforces the timeless adage that 

"no man is an island." Graduate students thrive when 

they have the support of their peers in the academic 

journey. Having supportive colleagues in the academic 

sphere is a cornerstone of success in graduate 

education. 

Classmates and friends for technical 

support. Graduate students, particularly those 

grappling with technical challenges, find essential 

assistance from their classmates and friends. Brindley 

(2014) highlights that engaging in distance learning 

demands qualities such as maturity, multitasking 

ability, goal-oriented focus, and the capacity to work 

independently and cooperatively. Consequently, 

online learners often establish effective collaborations 

with peers in virtual groups, forming the basis for 

creating their learning networks. Rumble (2000) 

underscores that the success of online students heavily 

hinges on the support they receive from peers. This 

perspective is reinforced by the research of 

McLoughlin and Alam (2014), which reveals that 

students are substantially aided in enhancing their 

skills for working with social media. Additionally, 

they report tangible benefits regarding collaboration 

with friends and peer networking online. Classmates 

and friends play a pivotal role in addressing technical 

challenges and fostering a supportive environment for 

effective collaboration and skill development in the 

digital landscape. 

 Implementing a "buddy system" proves to be a 

highly beneficial approach, particularly in the context 

of graduate education within flexible learning 

environments. This system involves the collaboration 

of two individuals who work as a cohesive unit, 

offering mutual support and guidance to one another.  

 University or college for affordable 

tuition, online databases, mental health support, 

and internet-savvy and inspiring faculty. State 

universities and colleges offer a range of invaluable 

resources that graduate students sincerely appreciate. 

These institutions are known for providing free tuition, 

granting access to comprehensive online databases, 

offering crucial mental health support programs, and 
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boosting a faculty that is both internet-savvy and 

inspirational. Graduate students enrolled in 

government-funded higher education institutions find 

immense satisfaction in the affordability of their 

education. They also benefit from unrestricted access 

to their institutions' online databases, which serve as 

invaluable tools for research and skill development, as 

noted by Reynolds (2021), Sult et al. (2013), and Mery 

et al. (2014). Equally crucial are the mental health 

support programs made available by these institutions. 

These programs foster a positive learning environment 

by ensuring that students are mentally healthy, willing 

to learn, actively engaged in school activities, well-

connected within the school community, and 

contributors to a positive school culture, following 

Youth.gov (2005). Moreover, Frazer et al. (2017) 

observe that the faculty, equipped with the requisite 

internet proficiency and inspirational teaching skills, 

plays an essential role in online education. This 

alignment with effective online teaching, as 

emphasized by the Dominican University (2017), 

inspires students to succeed and fully realize their 

potential.   

 Universities and colleges are responsible for 

ensuring that graduate students receive the necessary 

support in flexible learning. To fulfill this mandate, 

these institutions should continue in offering programs 

that combine affordability delivering quality 

education. This provision should be complemented by 

state-of-the-art facilities, easily accessible databases, 

pertinent mental health support programs, and a 

dedicated faculty of high caliber guided by 

compassionate hearts. Furthermore, these educational 

institutions should continually refine their flexible 

learning approaches, using the insights and findings 

from studies like the one presented here. In doing so, 

they can provide graduate students with an ever 

improving and more enriching educational experience 

that aligns with the evolving needs of the academic 

landscape.  

 In conclusion, the value of a robust support 

system cannot be understated; it spans family, 

colleagues, classmates, friends, and the university or 

college itself. This study's findings provide a solid 

foundation for the sustainability and enhancement of 

flexible learning in graduate education both locally 

and on the global stage and underscore the critical 

importance of nurturing pedagogical, social, and 

cognitive presence within the flexible learning 

context.  Graduate students' remarkable resilience and 

adaptability, underpinned by effective coping 

strategies and robust support systems, are central to the 

vision of enriching graduate education in the Davao 

Region and beyond. As a result of these compelling 

findings, further avenues for research are unveiled. 

The investigation of comprehensive frameworks, 

exploration of graduate student preferences, and 

examination of the evolving landscape of flexible 

learning in graduate education beckons, promising a 

future of ever-improving educational experiences. 
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way safeguarded their anonymity and instilled a sense 
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ABSTRACT 

 
Despite prevalent electrical shortages in various regions, refrigeration remains imperative for 

diverse applications. This study explored the viability of recovering underutilized energy in the context 

of sustained demand for electricity in both urban and rural areas of the Philippines. Liquefied petroleum 

gas (LPG), commonly used in the Philippines for heating and cooking, has properties that can be used as 

refrigerant, and stands out for its zero-ozone depletion potential (ODP) and low global warming potential 

(GWP). The study focused on the design and development of a refrigerator using LPG as the refrigerant 

and compressor. Various factors, such as pressure drop, temperature change, enthalpy change, and heat 

loss, were analyzed throughout the experimental process, encompassing design formulation, analysis, 

simulation, fabrication, experimentation, and performance evaluation. Raw data from three 3-hour tests 

were collected and analyzed. Results indicated a time-dependent decrease in pressure, a notable water 

temperature change, and an increase in the coefficient of performance (COP) value over time. The 

maximum COP achieved was 1.78, coupled with a water temperature of -3.50 ˚C. Despite the obtained 

COP being lower than that of a typical domestic refrigerator, the observed refrigeration effect was evident. 

The findings underscore LPG's potential as a viable and environmentally responsible alternative in 

refrigeration systems. 

 

Keywords: alternative refrigeration, COP, evaporator, refrigerant, refrigerating effect 

 

 
 

 
INTRODUCTION 

 

Refrigerants are the working medium used in 

refrigerating systems which evaporates by taking the 

heat from the space that is to be cooled, thus producing 

the cooling effect (Emani et al. 2017). Domestic 

refrigerators commonly use refrigerants that contain 

chlorofluorocarbon (CFC) and hydrofluorocarbon 

(HFC) which contribute to very high ozone layer 

depletion and global warming (Hashim et al. 2020). 

CFCs and HFCs contribute to ozone depletion by 

releasing free chlorine radicals into the atmosphere 

and the continuous reaction of chlorine and oxygen 

results in the destruction of ozone molecules (Raiyan 
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and Rehman 2017). National Aeronautics and Space 

Administration (NASA) (2015) explained that the 

effects of these refrigerants are a serious threat to our 

natural habitat, as they have contributed a negative 

impact on the variety of life on earth (biodiversity). 

That being explained, many researchers studied the 

use of hydrocarbon refrigerants as substitutes for 

ozone-depleting fluids. Fernando (2022) defined 

hydrocarbon as an organic chemical compound that is 

composed exclusively of hydrogen and carbon atoms. 

He added that hydrocarbons are naturally occurring 

and form the basis of crude oil, natural gas, coal, and 

other important energy sources and that they are 

highly combustible and are highly effective as a 

source of fuel.  Hydrocarbons have excellent 

environmental characteristics, good miscibility with 

mineral oils, and acceptable compatibility with 

common materials employed in refrigeration 

equipment (Liu et al. 1995). Air Conditioning and 

Refrigeration Industry Board (ACRIB) (2001) 

reported that hydrocarbon refrigerants are fully 

compatible with most of the lubricants, elastomers, 

plastic refrigeration materials used as ‘O’ rings, valve 

seats, seals and gaskets used in refrigeration systems 

and that hydrocarbon refrigerants use the same 

evaporator and condenser sizes as fluorocarbon 

refrigerants operating at the same pressures and are 

compatible with most compressor types. The study of 

Iyer et al. (2006) found that no problems were 

encountered with the compressor, and no degradation 

of lubrication oil was detected after 5000 h of 

operation using different hydrocarbon mixtures as 

alternative refrigerants.  

Liquefied petroleum gas (LPG) is comprised 

of hydrocarbons and normally contains propane 

(C3H8) and butane (C4H4) as major constituents 

along with small amounts of some other hydrocarbons 

(Rehman et al. 2023). LPG is available in a variety of 

mixes, ranging from pure propane to various ratios of 

butane and propane to pure butane (Raslavicius et al. 

2014). Rayos (2017) discussed that in the Philippines, 

LPG is a combination of 40% propane and 60% butane. 

According to Satwik et al (2016), LPG is colorless, 

non-toxic, heavier than air, half the weight of water, 

and odorless, and it is odorized only for detection of 

leaks. Extensive research and guidelines were 

published on the compatibility and flammability of 

hydrocarbon as refrigerants (Mohanraj et al. 2011). In 

the study of Manohar et al. (2020), the LPG 

refrigeration system was compared with a domestic 

refrigerator. They concluded in their study that LPG 

refrigeration system has a very low initial and 

operating cost and does not require any external 

energy source to operate, unlike domestic refrigerators. 

Additionally, the system contains no moving 

components, which reduces maintenance costs even 

further. 

Srinivas et al. (2014) investigated the use of 

LPG as an alternative to R134a as a refrigerant in a 

household refrigerator. It has been discovered in their 

study that LPG has a greater cooling impact than 

R134a refrigerant which are used in domestic 

refrigerators. They added that LPG has all of the 

necessary qualities to qualify as a refrigerant. 

Moreover, in the study conducted by Oyelami and 

Bolaji (2016), an experimental refrigerator was 

developed as a test rig and the findings revealed that 

the system operated better with LPG than with R134a. 

As a result, the LPG refrigerant can be successfully 

implemented. Furthermore, according to the research 

study by Manohar et al. (2020), the coefficient of 

performance (COP) of an LPG refrigerator is higher 

than that of a domestic refrigerator, and a domestic 

refrigerator has more moving components and is, 

therefore, less ecologically friendly. The maintenance 

requirements for a household refrigerator are higher, 

and the operation is noisier as well. With all the 

gathered advantages of LPG as a refrigerant, somehow 

LPG as a refrigerant has disadvantages, and one of 

them is flammability. Hydrocarbons are highly 

flammable substances and must be handled with 

caution (El-Morsi 2015). Although LPG is flammable, 

according to the Australian Institute of Refrigeration, 

Air Conditioning and Heating (AIRAH) (2013), small 

factory-sealed appliances can have a flammable 

refrigerant charge of up to 150 g in each separate 

refrigerant circuit and can be located anywhere 

without restriction. Qurashi and Wankhede (2013) 

reported that refrigerators designed to work with R-

134a had a charge that varied from 105 to 150 g. 

However, the charge can be reduced to 70 to 90 g when 

hydrocarbon refrigerants are used.  Also, ACRIB 

(2001) states that sealed systems containing a 

hydrocarbon charge of less than 150 g can be situated 

in any location, regardless of room volume. 

In the Philippines, LPG is primarily used for 

cooking. Convenience is one of the reasons why most 

of the households use LPG in their homes. Not only is 

it used for households but also for businesses. Street 

food vendors use LPG because it is locally available 

and can easily be transported from one place to another. 

Thus, the researchers came up with the idea of utilizing 

the high consumption of LPG through the concept of 

refrigeration, thereby eradicating the use of R134a, an 

HFC refrigerant that is still widely used in the 

Philippines that has high Global Warming Potential. 

This study was conducted to develop a refrigeration 

system utilizing LPG as both the compressor and 

refrigerant. The objective is to investigate the 

feasibility and efficiency of this unconventional 

approach, addressing design considerations, material 

compatibility, and overall system performance. 

Specifically, the study aimed to design and simulate an 

LPG refrigeration system, utilizing SOLIDWORKS 

software to determine design parameters, identify 

https://www.investopedia.com/terms/c/crude-oil.asp
https://www.investopedia.com/articles/fundamental-analysis/12/natural-gas-primer.asp
https://www.investopedia.com/news/how-many-people-work-coal-industry/
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optimal materials, and conduct Computational fluid 

dynamics (CFD) simulations of the refrigeration 

chamber; to fabricate and experiment with an LPG 

refrigeration system by constructing the system 

according to the designed specifications; and to 

determine the fabrication parameters for the developed 

system design and, subsequently, conduct 

experimentation to collect raw data, including gauge 

pressure measurements at the inlet and outlet in 

pounds per square inch (psi), initial and final water 

temperatures in degrees Celsius, mass consumption in 

kilograms, and mass flow rate in kilograms per second; 

the performance analysis of the LPG refrigeration 

system involves calculating the system's power output 

(W), heat loss from the water (Q), and coefficient of 

performance (COP). 

 

 

METHODS 

 

Working Principle 

According to Heisler (2002), the refrigerant’s 

state upon entering the evaporator is liquid, however, 

once it exits, it has absorbed the heat from the load thus 

evaporating it into vapor. He added that this process 

allows the heat from inside the cold compartment to be 

absorbed and transferred preferably away from the 

system. As a replacement for freon, the system uses 

LPG as a refrigerant. The LPG tank contains the 

refrigerant (LPG), which is the main source of the 

process. According to Elgas (2019), LPG in a cylinder 

exists both as a liquid and a vapor. The upper portion 

of the cylinder contains pressurized LPG vapor, 

whereas the lower portion contains LPG liquid. LPG 

cylinders are generally filled to 80% capacity which 

means 80% liquid and 20% vapor (ES Systems 2021). 

In this case of the LPG as the refrigerant, it must be in 

liquid form and at a lower pressure to produce 

refrigeration in the system. Thus, in this study, the 

LPG tank was turned upside down so that only the 

liquid would pass through the hose which was 

connected to the evaporator. The outlet pressure of a 

regular LPG cylinder without a regulator is 

approximately 70-50 psi. The LPG pressure must be 

dropped to 15 psi to produce a refrigerating effect 

(Sathayan et al. 2018). In order to attain the required 

pressure drop, a throttling device was used in this 

study. It was installed at the inlet part of the evaporator 

which was connected to the inlet hose. Based on the 

study of Adhav et al. (2017), the actual cooling effect 

is provided by circulating the LPG through the 

evaporator coil. In this study, the evaporator coil was 

attached inside the evaporator compartment. The 

discharged LPG in the outlet of the evaporator coil 

which was already a vapor was then directed to a 

burner through a hose. The burner stove must 

constantly be used to run the LPG from the cylinder 

and get a cooling effect in the cooler setup. To 

maintain the cooling temperature of the refrigerator 

when in times the burner is not used in accordance 

with the absence of the LPG input, the evaporator was 

filled with water. 

 

Material Selection 

 The approaches that were employed in the 

study of Manohar et al. (2020) to construct the LPG 

refrigeration system was used in this study. The 

refrigeration system were included in the LPG tank, 

ball valve, evaporator, and burner. The materials 

chosen were based on prior study and their availability 

in Cagayan de Oro. A commercially available 2-L 

capacity insulated plastic water jug was selected as an 

evaporator compartment due to its availability. It was 

also insulated with polyurethane which has good 

insulation properties according to Demharter (1998). 

Holes were drilled 5 and 20.32 cm below the upper 

mouth of the jug for the inlet and outlet of the 

evaporator coil which in this case is a copper tubing. 

This copper tube was coiled inside the wall of the 

cylindrical evaporator compartment. It was coiled in a 

cylindrical shape for lesser friction loss and easy 

coiling of copper tube as shown in Figure 1A. Copper 

tube was used in this study as it has good heat transfer 

capacity, good resistance to corrosion, and is cheaper 

in cost (Hashim et al. 2020). A copper tube was coiled 

inside the water jug connected to a fitting for the 

throttling valve and hoses as illustrated in Figure 1B. 

The evaporator coil comprises 0.476 cm copper tubing 

in 18 revolutions with a diameter of 8.89 cm at 22.86 

cm height to facilitate the rapid entry and escape of 

LPG in the upper and bottom portions, respectively. 

To attain a pressure drop from the tank, a throttling 

device was installed at the inlet part of the evaporator 

so there was a pressure decrease throughout the system.  

The throttling device that was used in this study is a 

simple ball valve since it is widely available and 

adjustable. An iron-cast heavy-duty stove which 

measures 55.88 cm x 40.64 cm x 24.13 cm was used 

to exhaust the LPG. Commercial gas and liquid hoses 

with a diameter of 3/8" were utilized since they were 

more affordable and fittings were readily available.  

An 11-kg-LPG tank was used in this experiment for 

easy grip and mobility. The LPG tank and LPG 

composition used were Prycegas, which is locally 

available. An innovative set-up also was implemented 

by the researchers to make the system easier to move 

from one place to another. Aside from the main 

components, angle bars that were cut and wielded 

were added. This was the most used method in 

fabricating this innovative set-up. 

 

Data Gathering Instruments 

 The LPG tank was weighed in its emptied 

state and full state using a weighing scale as shown in 

Figure 1C. This device is used to measure the mass 

flow rate of the system during the experiment. After 
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measuring the mass of the LPG, the pressure 

experimentation parameters were set to approximately 

15 psi and measured by a Bourdon-type pressure 

gauge as shown in Figure 1D. Two temperature probes 

shown in Figure 1E were attached to the inlet and 

outlet part of the evaporator. This measures the water 

temperature of heated or chilled water and other 

liquids in mechanical systems. Additionally, another 

temperature probe was utilized to measure the water 

temperature in the evaporator chamber. It was 

programmed with respect to the code language of 

Arduino as shown in Figure 1F. The temperature 

reading of the refrigeration chamber was recorded in 

different time intervals in 10 min within 180 min of 

run time. 

 

 
 

Figure 1. (A) 3D drawing of the Copper Tube coiled cylindrically; (B) Actual Copper Tube coiled inside the Evaporator 

Chamber; (C) Weighing Scale used for measuring the LPG mass; (D) Pressure Gauge used in measuring the outlet and inlet 

pressure; (E) Temperature Probe used in measuring the inlet and outlet temperature of the evaporator; and (F) Arduino set 

used in measuring the Evaporator temperature. 

 

Experimental Setup 

 After gathering all the instruments and 

materials needed for the study, the design system was 

constructed as shown in Figure 2A. Its setup with 

labeled instruments and materials used is shown in 

Figure 2B. Necessary fittings were carefully 

connected and a leak test was conducted through the 

bubble method.  

 

Calculation of Performance 

 The researchers determined the raw data 

during the experimentation. The raw data for the LPG 

refrigeration system includes pressure drop, mass flow 

rate, and change of temperature which was obtained 

from the data gathering instruments. The researchers 

then calculated the performance of the system based 

on the raw data from the experimentation. The 

calculation of the performance data for the LPG 

refrigeration system includes enthalpies, heat loss of 

water, work, and coefficient of performance (COP).     

The LPG cylinders are generally filled with 80% 

liquid and 20% vapor ES Systems (2021), and by 

using the properties of propane and butane, enthalpies 

were acquired with respect to the composition ratio of 

LPG (60% butane, 40% propane). Work was solved 

through the unsteady state formula by finding the 

internal energies and enthalpies with respect to 

temperature from the starting and final time. 

Conservation of energy of unsteady state Heat loss of 

water was acquired by using the heat removed formula, 

using the specific heat capacity of water, the mass of 

water, and the change of temperature as can be seen in 

Equation 1. Finally, COP was determined by dividing 

the heat loss of water (Q) by the work (W) of the 

system. Thermal insulation was used to reduce heat 

loss to the  atmosphere.  Therefore,  any  heat  loss  or 

addition to the environment as a result of  conduction,
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Figure 2. (A) Actual setup of LPG Refrigeration System; (B) LPG Refrigeration Set-Up with labeled parts; and (C) Schematic 

Diagram of LPG Refrigeration System. 
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convection, or radiation is negligible. The change in 

kinetic and potential energy in the evaporator is 

negligible. 

In a steady flow process, it is assumed that the 

system’s mass and energy are constant and do not 

change over time. In a process with an unsteady flow, 

mass and energy inside the control volume fluctuate 

continually. The fluid flows into and out of the system 

(Avinash 2018).  

 

Conservation of energy of unsteady state, 

 

m2(u2+KE2+PE2)-m1(u1+KE1+PE1)= min ∑ (h
in

+KEin+PEin)-mout ∑ (h
out

+KEout+PEout)+Q-W         (Eq. 1) 

 

 

The LPG refrigeration system has only one 

exit and no inlet mass flow (refer to Figure 2C). 

Therefore, the summation of terms involving the inlet 

mass can be omitted. Since there is no heat transfer 

between the LPG inside the tank and the surroundings, 

the system is adiabatic. Potential energy (PE) and 

kinetic energy (KE) were neglected as can be seen in 

Equation 2. 

 

m2u2-m1u1=-mouthout-W                                                                                (Eq. 2) 

 

where: 

● inlet temperature of the system is equal to the temperature of the LPG inside the tank 

● u1 = uf + xufg (internal energy at two-phase mixture), @ inlet temperature in initial time 

● u2 = uf (internal energy at saturated liquid), @ inlet temperature in final time 

● h1 = hf + xhfg (enthalpy at two-phase mixture), @ inlet temperature in initial time 

● h2 = hf (enthalpy at saturated liquid), @ inlet temperature in final time 

● hout = (h1 + h2) / 2 

● mout = m1 – m2 

 

Heat loss is the reduction of space’s heat due 

to heat transmission through walls, roofs, windows, 

and other building surfaces. The heat loss is computed 

by multiplying the mass, the temperature differential 

between the inside and outside surfaces, and the 

material’s specific heat capacity, as can be seen in 

Equation 3. The total heat loss of the object consists of 

radiation, convection, and conduction losses. There is 

no substance capable of totally preventing heat loss; 

materials can only lessen it. The unit of heat loss is the 

Watt. 

 

Q=
mCp∆T

t
                                                                                              (Eq. 3) 

 where: 

● m = mass of water                     

● Cpw = specific heat capacity of water (4.187 kJ/kg-K) 

● Cpi = specific heat capacity of ice (2.0935 kJ/lg-K) 

● DT = change of temperature 

● t = running time 

 

 

The COP of a refrigerator is defined as the 

heat extracted from the cold reservoir Qcold (i.e., inside 

a refrigerator) divided by the amount of work W 

performed to remove the heat (i.e., the work done by 

the compressor), as can be seen in Equation 4. The 

COP varies heavily on the outdoor temperature and the 

desired inside temperature. At a temperature 

differential of approximately 25°C, the COP may be 

approximately 2.5, although it may approach 3.5 for a 

difference of approximately 8°C (Connor 2019). 

 

COP=
QA

W
                                                                                               (Eq. 4) 

where: 

W = work input (W) 

𝑄𝐴 = refrigerating capacity (W) 

COP = coefficient of performance 

 

 



Salamanca et al.: Liquified petroleum gas fefrigeration system  

  
The Palawan Scientist, 16(2): 71-81 

© 2024, Western Philippines University 

 
77 

Experimental Procedure 

 

Examining the status of all system 

components. The system must be fully functional and 

devoid of leaks and faulty components. Due to the 

combustible nature of LPG, all personnel operating the 

prototype wore protective gear. All connection points 

were checked using the soap solution method in order 

to check for leaks. Before each test, the tubing and 

evaporator were cleaned with a vacuum pump to 

eliminate moisture and blockages. 

System Components Setup. The container 

was filled with water (about 2 L), and a temperature 

measurement device was positioned within the 

evaporator without contacting it. At the beginning of 

data collection, the researchers made sure that the 

water was at temperature ranging from 22℃ to 29℃. 

Data acquisition devices were then turned on. 

Additionally, the LPG cylinder was then placed on the 

digital scale. To transfer liquid LPG into the system, 

the cylinder was turned upside down. With the burner 

valve open and the ball valve closed, the ball valve was 

gradually opened and the burner valve was adjusted to 

achieve 15 psi at exit pressure. 

Determining the raw data.  Raw data was 

determined using the measuring device that was 

attached to the system, such as a pressure gauge, which 

measures the pressure of LPG from the system’s inlet 

and outlet in pounds per square inch (psi), a 

temperature sensor, which measures the water's 

temperature in degrees Celsius, and weighing scale, 

which measures the mass flow rate. In order to 

determine the mass flow rate, LPG was weighed on a 

scale, and the mass loss of LPG was computed by 

dividing it to the time interval. 

Data Gathering. LPG intake and outlet 

pressures, water temperature, and LPG cylinder mass 

were measured at ten-minute intervals at the end of 

three hours or 180 min of operation. In addition, water 

temperature was measured at 5 min intervals 

throughout three more 60 min periods. 

Calculating the enthalpies and heat loss of 

LPG based on raw data. In determining enthalpies, 

the pressure derived from the dataset served as a 

reference point for the computation of enthalpies, with 

respect to the LPG composition properties table. The 

composition of LPG in the Philippines is 60% butane 

and 40% propane. Consequently, in calculating 

enthalpies, it is necessary to multiply by 60% of the 

butane properties and 40% of the propane properties. 

Calculating the work of the system. Using 

the enthalpies and the mass flow rate from the raw data, 

the work (kW) of the system was computed. The heat 

loss formula from the water was also used to calculate 

the heat loss of water in the system. Then the 

performance of the system (COP) was determined by 

dividing the heat loss from the water by the work of 

the system. 

 

 

RESULTS 

 

CFD Simulation 

The simulation solely concentrates on the 

refrigerated chamber up until the point where the mass 

enters the upper portion of the evaporator as shown in 

Figure 3. It has been found that the temperature was 

low near the evaporator coils and it is highest in the 

lower section of the coiled evaporator. A time-

dependent approach was used to collect the data in the 

software. The simulation ran for a maximum of 60 min. 

Iterations were done at 5 min intervals for maximum, 

minimum, and average temperatures inside the 

refrigeration chamber. The result is illustrated in 

Figure 4A. The graph in Figure 4B compares the 

experimental and simulated values of computational 

fluid flow on the temperature gradient in relation to 

time from the SOLIDWORKS program.  

 

 
 

Figure 3. Simulation cut plot of Evaporator Chamber. 
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Figure 4. (A) Temperature vs running time using 

computational fluid dynamics simulation; and (B) 

temperature graph comparison of simulated and 

experimental results. 

 

 

Experimental Performance of LPG 

The researchers conducted five test 

experiments in total, where each test ran for 180 min 

with a 10 min interval. Table 1 shows the LPG 

consumed by the system in a 3-hour duration with a 

10-minute interval. Rapid consumption of LPG was 

observed during the first half of the duration time with 

approximately 1.8 kg of LPG. In every 10 min, the 

average consumption is 0.218 kg. The curve of the 

absolute pressure at which the LPG refrigerant leaves 

the evaporator with respect to time has been plotted in 

Figure 5A. From the graph, a linear relationship can be 

observed between the two parameters. Pressure drop is 

the difference between the outlet and inlet pressure. As 

time increased, the pressure drop also increased from 

4.8 psi to 17 psi every 10 min. Similarly, Figure 5B 

shows how the water temperature behaves against time. 

A drastic temperature change was also observed in 80 

min from 25℃ down to 2℃. As time increased, 

moderate changes were observed that upon 

approaching the freezing point, it further extended 

towards negative values. In this study, the system has 

reached -3.5 degrees Celsius in 3 h with an average 

inlet pressure of 30.4 psi. 
 

 
 

Figure 5. (A) Pressure drop vs time graph of experimental 

result; (B) water temperature vs time graph of experimental 

result; and (C) COP vs time graph of experimental result. 

 

Table 1. Average consumption of mass from experiment. 

Test Average Consumption 

Every 10 min (kg) 

1 0.222  

2 0.203  

3 0.184  

4 0.258  

5 0.221  

Average 0.218  

Standard Deviation 0.0274 

 

Coefficient of Performance 

The COP of the system was calculated based 

on the raw data collected. In a duration of 3 h with 10 

min intervals, COP ranging from 0.02 to 1.78 was 

achieved. This proves that the value of COP increases 

with respect to time as can be seen in Figure 5C. In this 

study, the properties of butane and propane which are 

the components of LPG in the Philippines are 

considered in the calculation of work.  
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DISCUSSION 

 

CFD Simulation 

Comprehensive and nuanced comparison 

was undertaken between Computational Fluid 

Dynamics (CFD) simulation results and experimental 

data to enhance the understanding of fluid flow 

phenomena in this study. This aimed to provide a 

comprehensive assessment of the reliability and 

precision of both sets of data within the context of this 

study. By using simulation, researchers were able to 

vary input parameters to analyze their influence on the 

system's behavior. Detailed examination of specific 

flow characteristics, and visual representations, such 

as contour plots were utilized to facilitate a clear and 

insightful comparison. Furthermore, with CFD 

simulation, researchers were able to assess the 

performance of coil orientation and whether or not it 

can create a cooling effect, thus, it facilitated virtual 

prototyping and design optimization. Additionally, 

insights into the temperature at different points of the 

refrigerant inside the copper coil and water inside the 

evaporator chamber were drawn. Based on the 

simulated design, the temperature is significantly 

lower at the entrance of the evaporator and higher in 

the lower section. When comparing the time-

dependent results obtained from the simulation with 

the actual experimental outcomes, it was observed that 

the actual results exhibited slight variations. These 

discrepancies can be attributed to the influence of 

weather conditions during the experimental trials. It 

became evident that factors such as temperature and 

humidity have contributed to the observed differences 

in the time-dependent behavior between the simulated 

and actual scenarios. Recognizing this condition, 

external environmental factors are significant in the 

interpretation of experimental results and highlights 

the challenges associated with precisely replicating 

conditions in simulations when natural variables, such 

as weather, come into play. 

 

Fabrication and Experimentation with LPG 

Refrigeration System 

As the refrigerant circulates through the 

system, its pressure and temperature change. For the 

refrigeration cycle to function, it encompasses three 

main stages:  mass consumption, pressure drop, and 

temperature change. Mass consumption is an essential 

part of the refrigeration system since it is used for the 

calculation of work done by the system. An average 

mass consumption of 0.218 kg was recorded after the 

five experimental tests. This result of mass 

consumption was dependent on the starting pressure of 

30 psi and the outlet pressure that ranged from 28 psi 

to 10 psi. When the outlet pressure is high, the mass 

consumption of the system increases and when the 

outlet pressure drops, the mass consumption decreases. 

This means that the mass consumption and the outlet 

pressure are directly proportional. The system has 

shown a pressure drop of 15 psi on average. This 

pressure drop occurred when the LPG refrigerant 

passed through the expansion valve. The discussion of 

Blackwell (2015) stated that to cool the refrigeration 

chamber, the refrigerant is transmitted through the 

expansion valve, which reduces its pressure by 

restricting the amount of flow through the valve. This 

restriction means that there will be less refrigerant in 

the next section of the conduit, allowing the refrigerant 

that passes through to expand slightly. This was 

supported by the study of Shah and Gupta (2014), 

where an average pressure drop of 20 psi was recorded 

with an initial pressure of 80 psi from which a high-

pressure regulator was utilized. In addition, they have 

stated that the use of a low-pressure regulator will 

result in a different pressure change. After passing 

through the expansion valve, the LPG refrigerant then 

enters the evaporator which is housed in the 

refrigerating chamber and reduces the water 

temperature. Blackwell (2015) explained that the 

refrigerant enters the evaporator as a low-temperature, 

low-pressure liquid. Upon entering the evaporator, the 

refrigerant begins to boil and evaporate, causing a 

cooling effect in the chamber. The refrigerant exits the 

evaporator as a low-pressure, saturated gas and then 

flows through the pipes to the burner for combustion. 

The inverted elevated LPG setup is more effective in 

minimizing the cooling time than the usual setup. 

Using the 0.476 cm diameter copper tube with 18 

revolutions, the lowest temperature achieved was -

3.50°C in 3 h and a water temperature of 11.19°C as 

achieved in 50 mins. Correspondingly, Manohar et al 

(2020) achieved a water temperature of 23.4°C after 

50 min; a 0.70-cm OD copper tube with a thickness of 

0.15 cm was used. This implies that the size of the 

copper tube used in this study provides faster cooling 

than that of the size used in the study previously 

mentioned. However, under continuous operation, the 

LPG lasts for 10 h only.   

 

Performance of LPG Refrigeration System 

The efficiency of the refrigeration system is 

measured in terms of its COP.  The higher the value of 

COP, the more efficient the system is (Connor 2019). 

The highest COP calculated for this unsteady state 

system is about 1.78 which is comparatively smaller 

than the domestic refrigerator which is 2.5 (Shah and 

Gupta 2014). The investigation conducted by Manohar 

et al. (2020) demonstrated an elevated COP of 6.3. 

This achievement was attributed to a higher mass flow 

rate, leading to an increased refrigerating effect, 

coupled with a reduced work input, specifically 42.39 

watts. Their assumption, wherein the work input is 

considered equivalent to the power required for filling 

one cylinder, resulted in a lower value for work. As 

compared to this study, the work done in the LPG 

refrigeration system has been meticulously calculated 
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using empirical formulas and LPG properties. 

Through a detailed analysis of pressure drop, 

temperature change, and enthalpy change, along with 

a comprehensive understanding of LPG's 

thermodynamic characteristics, the computation of 

work done is accurately derived. This approach not 

only ensures the precision of the results but also 

contributes to a thorough comprehension of the 

system's performance based on empirical correlations 

and the specific properties of LPG. 

The discrepancies noted between simulated 

results and experimental data underscore the 

significant impact of external environmental variables, 

thus emphasizing the need for careful consideration of 

real-world conditions in simulation models to enhance 

predictive accuracy and reliability. The exploration 

through fabrication and experimentation reveals 

critical insights into the system's operational dynamics, 

notably the direct relationship between mass 

consumption and outlet pressure and the cooling 

efficiency of specific system configurations. These 

findings illuminate the practical aspects of system 

design, such as component selection and setup 

orientation, that directly influence performance 

outcomes. The limitation observed in the system's 

continuous operation duration indicates that there is a 

need for further refinement in design to extend 

usability and efficiency in real-world applications. 

Lastly, the performance evaluation, centered on the 

Coefficient of Performance (COP), sheds light on the 

LPG refrigeration system's efficiency compared to 

conventional systems. The evaporator achieved a 

cooling effect of -3.5℃, resulting in the formation of 

ice within the chamber. This indicates that the 

refrigeration system effectively met the specified 

parameters as stipulated in this study. Moreover, the 

system has reached a coefficient of performance of 

1.78 which is lower than that of a domestic refrigerator. 

It is recommended to use a plate-tube type of 

evaporator in the chamber to achieve a greater value 

of refrigerating effect, which will then lead to a higher 

value of COP. 
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ABSTRACT 
 

The study aimed to determine whether the Kieren-Behr model holds true when examining the 

relationship between knowledge of fraction subconstructs and conceptual understanding of fraction 

arithmetic. Specifically, the study argued that the proficiency of pre-service teachers in fraction 

subconstructs can contribute to the development of conceptual knowledge in fraction arithmetic. It asserted 

that performance in problem-posing tasks, which reflect conceptual understanding, is significantly related 

to proficiency in different subconstructs of fractions. The proficiency of pre-service teachers in fraction 

subconstructs and their problem-posing performance were assessed using the expert-validated Fraction 

Subconstruct Test (FST) and Problem-Posing Test (PPT). The collected data were analyzed using 

descriptive statistics and standard multiple linear regression. Overall, the pre-service teachers only achieved 

a “beginning level” of proficiency in fraction subconstructs and performed unsatisfactorily in the PPT. Their 

proficiency in the measure subconstruct predicted conceptual understanding of adding fractions; their 

proficiency in the quotient subconstruct predicted conceptual understanding of subtracting fractions; their 

proficiency in the operator and quotient subconstructs predicted conceptual understanding of multiplying 

fractions; and their proficiency in the part-whole subconstruct predicted conceptual understanding of 

dividing fractions. The study suggests that teacher education institutions should develop intervention and 

enrichment programs to enhance the numerical competency of pre-service teachers, particularly in fractions. 

Additionally, curriculum writers are encouraged to emphasize mastery of each fraction subconstruct in order 

to promote successful development of conceptual understanding. 

 

Keywords: education, mathematics, teaching 

 

 

INTRODUCTION 

 

 

 The teachers’ weak conceptual 

understanding of fractions is manifested in their poorly 

structured word problems. Consequently, this lack of 

understanding will burden the teaching-learning 

process when teachers are faced with contextual 

problems. Moreover, as teachers are entrusted with the 
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role of developing their students to be good “problem 

posers,” chances are, this aspect is being neglected in 

mathematics classrooms due to the inefficacy of 

posing quality problems to engage the students in a 

higher-order learning experience. This problem is 

prominent in literature (Copur-Gencturk 2021), 

specifically in fractions arithmetic, where most 

teachers and pre-service teachers fail to grasp its 

procedural and conceptual nature (Nillas, 2003; Lee 

and Lee 2023; Perry 2023; Tossavainen and Johansson 

2023). 

The difficulties in learning fractions can be 

attributed to the fact that fractions can have multiple 

meanings. A growing body of research suggests that 

fractions comprise a multifaceted construct, and each 

contributes to the student’s proficiency in fraction 

arithmetic (Charalambous and Pitta-Pantazi 2005, 

2007; Baker et al. 2012). For instance, Kieren (1980) 

proposed that fractions should be conceptualized as a 

set of interrelated constructs: the part-whole, ratio, 

operator, quotient, and measure subconstruct. He 

argues that exposure to numerous rational number 

subconstructs is necessary to fully understand 

fractions. Later, Behr et al. (1983) extended Kieren’s 

(1980) ideas on fraction subconstructs by linking the 

different fraction subconstructs to the operations on 

fractions, fraction equivalence, and problem-solving 

procedures (Kieren-Behr model). The model (Figure 1) 

is hierarchical, with the part-whole subconstruct being 

the most basic subconstruct that is fundamental to 

understanding the other four subconstructs (ratio, 

operator, quotient, and measurement). The knowledge 

of the ratio, operator, and measurement subconstructs 

contributes to the understanding of equivalence, 

multiplication, and addition of fractions, respectively. 

All five subconstructs are essential for problem-

solving. Charalambous and Pitta-Pantazi (2007) tested 

the hypothesis of the model on young learners (fifth 

and sixth graders), and Baker et al. (2009, 2012) tested 

it on adult learners (college students). Their studies 

found that adult and young learners have different 

fraction schemas and only provided partial support for 

the hypotheses of the model. It is important to note that 

the said model claims its hypothesis on operations 

with fractions solely under procedural competency. 

However, more than procedural fluency is 

required for pre-service teachers to meet the demand 

for a great learning experience that promotes deeper 

learning of fraction operations. Hence, several studies 

have gone beyond the analysis of procedural fluency 

on fractions and have analyzed pre-service teachers’ 

conceptual understanding through problem-posing 

tasks (Osana and Royea 2011; Kar and Işık 2014; Kilic 

2015; Rosli et al. 2020). Although we agree that 

conceptual understanding cannot be directly measured 

and quantified, we can create opportunities for them to 

manifest this (Tichá and Hošpesová 2013; Cai and 

Hwang 2023). If supplemented by appropriate 

prompts, problem-posing tasks can be cognitively 

demanding activities requiring students’ mastery of 

the concept to formulate solvable and real-life 

problems. The prompt is essential to force students to 

pose problems that are not easily solvable by known 

methods or just restatements of old problems with just 

changed givens; thus, problems posed by students can 

demonstrate their conceptual understanding (and 

misconceptions) as it is related to high math 

achievement and cognitive transfer (Donovan and 

Bransford 2005; Matsko and Thomas 2015). 

With these arguments, the researchers of the 

present study subscribe to the assumption that 

proficiency in fraction subconstructs must have a 

significant relationship to the conceptual 

understanding of fraction arithmetic. Thus, 

considering the arguments above and the researchers’ 

positionality, this paper will argue that pre-service 

teachers’ knowledge of fraction subconstructs can also 

contribute to the development of conceptual 

knowledge in fraction arithmetic. This proposition can 

be supported by asserting that their performance in 

problem-posing tasks that manifest their conceptual 

understanding of fraction arithmetic significantly 

relates to their knowledge of the different 

subconstructs of fractions. 

More specifically, this study aimed to address 

the following problems: 

1. What are the pre-service teachers’ level of 

proficiency in each fraction subconstruct, specifically 

the (a) part-whole, (b) measure, (c) operator, and (d) 

quotient subconstruct? 

2. Which of the fraction subconstructs can be 

a predictor of conceptual understanding of (a) adding 

fractions, (b) subtracting fractions, (c) multiplying 

fractions, and (d) dividing fractions? 

 

 

METHODS 

 

Research Design 

This study is descriptive and, at the same time, 

inferential as it uses a non-experimental predictive 

research design to address the research problems. The 

study used a descriptive research design, utilizing a 

questionnaire to describe the respondent’s proficiency 

in fraction subconstructs, particularly on part-whole, 

measure, operator, and quotient. Thereafter, a 

regression analysis was followed to determine the 

significant predictors of the conceptual understanding 

of fraction arithmetic among the fraction 

subconstructs. 
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Figure 1. The Kieren-Behr Model (Behr et al. 1983). 

 

Site and Participants 

The respondents of the study were 61 pre-

service teachers enrolled at a public university in 

central Luzon, Philippines, during the second semester 

of the academic year 2020-2021. This study used a 

purposive sampling design to select the respondents. 

Purposive sampling design is a sampling method in 

which the researcher uses his discretion to determine 

the respondents who best fulfill the study’s objectives. 

The study purposefully chose the students enrolled in 

the Bachelor of Elementary Education program, as 

these pre-service teachers will soon be in-service 

teachers in the different municipalities or cities in 

Nueva Ecija and nearby provinces where elementary 

pupils’ low mathematics achievement in the 2016-

2017 National Achievement Tests is prevalent 

(Albano 2020). In addition, the sampling method was 

brought about by the restrictions of the Coronavirus 

(COVID-19) pandemic, in which the university was 

forced to go on fully online mode (asynchronous) 

classes, and random sampling would not be a practical 

option since only a limited number of students would 

have a reliable internet connection.  

 

Data Collection 

The researchers secured the necessary 

permission from the dean of the College of Education. 

Letters of courtesy and permission addressed to the 

above office have been circulated. The questionnaire 

distribution commenced after securing permission 

from the dean and the head of the elementary 

education department. The instrument was 

administered online through Google Forms on the 

dates set by the dean. The respondents were allowed 

to work independently for a time duration of 1 hour 

and 30 min. 

Addressing the ethical issues in testing 

(Cohen et al. 2018), none of the respondents were 

forced to participate. The respondents answered the 

questionnaire with a complete understanding that the 

data collected would not be reflected in their academic 

records. Furthermore, the problem-posing tasks 

compelled them to work independently; unlike 

problem-solving, problem-posing does not have a 

single correct response. Thus, the researchers could 

easily discern if they had cheated. They scanned the 

students’ responses and found that no two respondents 

had the same responses on the same item. The data’s 

confidentiality and the respondents’ anonymity were 

also assured, as the data is stored in a secured account, 

and no respondents’ names were mentioned in the 

entire paper. Thus, no potentially delicate data will be 

traced back to each respondent. 

 

Instrumentation 

 The content validity of the Fraction 

Subconstruct Test (FST) and Problem-Posing Task 

(PPT) has been established by the two mathematics 

experts. A table of specifications was provided to help 

the experts examine the test instrument for the study. 

Several revisions have been made to the instruments 

to capture the overall purpose of the study. 

Two test questionnaires were used in the 

study. The first test was the FST. The study excerpted 

and modified some test items used in Baker et al. 

(2012) and Charalambous and Pitta-Pantazi (2007) to 

measure the respondents’ proficiency in FST. The FST 

is subdivided into four major parts that measure 

respondents’ proficiency in each fraction subconstruct. 

The test for the part-whole subconstruct (7 items) 

contained three components: translating a picture to a 

symbolic fraction, translating symbolic fractions to the 



Viernes and Seeping.: Predictors of conceptual understanding 

  
The Palawan Scientist, 16(2): 82-94 

© 2024, Western Philippines University 

 
85 

equivalent picture, and reconstructing the whole given 

a part. The test for the measure subconstruct (11 items) 

consists of identifying fractions as numbers and 

locating numbers on number lines, finding a number 

close to a certain number, comparing magnitudes of 

fractions, and finding a number between two numbers. 

The operator subconstruct test (5 items) consists of 

three components: representing mathematical 

statements into fractions, finding the output quantity 

given by the input and fraction operators, and finding 

the input quantity provided by the output and fraction 

operators. The test for the quotient subconstruct (6 

items) consists of linking a fraction to the division of 

two numbers and solving partitive and quotative 

division situations. The second test is the PPT, which 

was divided into three sub-parts. Each sub-part was 

dedicated to each classification of problem-posing 

tasks (translating, comprehending, and selecting) 

described by Christou et al. (2005). Each of the three 

sub-parts consisted of four items, constituting the four 

operations on fractions (addition, subtraction, 

multiplication, and division). The decision to use the 

classification of Christou et al. (2005) is because the 

tasks are more structured (or at least semi-structured) 

in nature compared to the classifications proposed by 

Silver (1994) and Stoyanova and Ellerton (1996), 

which are “unstructured” or open-ended, which would 

be harder to score objectively and are more prone to 

bias. 

A split-half method was utilized to test for the 

internal consistency of the FST. A Spearman-Brown 

coefficient of 0.825 has been computed, implying that 

the test is reliable. Tables 1 and 2 present the sample 

questions of the FST and PPT, respectively. 
 

Table 1. Sample items of the Fraction Subconstruct Test. 

Subconstruct Sample Items 

Part-whole 
If these marbles  represent 2/3 of the whole set of marbles, draw the whole set 

of marbles. 

Measure Which of the following fractions is nearest to 1?   

 a.) 1/2     b.) 2/3     c.) 4/5    d.) 5/6 

Operator The following diagram represents a machine that outputs 1/5 of the input number. 

What will be the output number if the input number is 80?

 
Quotient A 7-meter rope is to be cut into smaller pieces measuring 1/3 each. How many pieces 

can we cut from the rope? 
 

 

The reliability of the scoring procedure was 

tested by asking two mathematics teachers to score 

10% of the total problem-posing responses (cf. Tong 

et al. 2020). The inter-rater reliability coefficient 

was calculated using the formula described by Miles 

and Huberman (1994): 

 

𝐼𝑛𝑡𝑒𝑟 − 𝑟𝑎𝑡𝑒𝑟 𝑟𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠 + 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑠𝑎𝑔𝑟𝑒𝑒𝑚𝑒𝑛𝑡𝑠
 

 

 

As a result of applying the formula, a confidence 

percentage of 93% was obtained. The present study 

used a dichotomous scoring scheme for assigning 

values based on the respondents’ response to the 

Fraction Subconstruct Test. Thus, the answers were 

given a numerical value of zero (0) if the response was 

incorrect and a numerical value of one (1) if the 

response was correct. The FST has a total score of 29 

points. The allocation of items for each subconstruct 

was determined based on the K–12 Curriculum Guide 

for Mathematics.   

For PPT, the study adopted and modified the 

scoring rubric from Cankoy and Özder (2017) to 

assess the respondent’s performance in structured and 

semi-structured problem-posing tasks (Table 3). The 

rubric  was  originally intended to assess the problem- 
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Table 2. Sample items of Problem-Posing Test. 

 
Type of PPT Sample Item 

Comprehending Write an appropriate word problem based on the equation  
1

2
+

1

3
= 𝑛. 

Translating 
Write a subtraction problem based on the table below.   

 

Selecting Write a question about the following story so that the answer to the problem is 5/6. Use the space 

provided after the story. 

“Don Rafael ate 1/6 of a bibingka for a snack and 2/3 of the same bibingka for lunch. 

____________________________________________________________________________? 

 

 
 

Table 3. The Problem-Posing Task Scoring Rubric. a For comprehending tasks only; b For translating tasks only; c For 

selecting tasks only. 

 

CATEGORY SUB-CATEGORY EXPLANATION SCORE 

Solvability 

Solvable 
The information given in the problem is sufficient to solve the 

problem and find the solution. 
1 

Unsolvable 
The information given in the problem is not sufficient to solve 

the problem and find the solution. 
0 

Reasonability 

Reasonable 
The problem and the solution are reasonable and applicable in 

real life. 
1 

Unreasonable 
The problem and the solution are not reasonable and applicable 

in real life. 
0 

Language 

Correct Mathematical 

Terms 

The mathematical terms are correctly used in the problem 1 

The mathematical terms are not appropriately used in the 

problem 
0 

Obeying grammar 

rules 

The problem obeyed the grammar rules at all to express the 

question. 
1 

The problem partly obeyed or did not obey grammar rules at all 

when expressing the question. 
0 

 

Restrictions 

Appropriate to the 

given equationa 

The solution to the problem fits the given equation 1 

The solution to the problem does not fit the given equation 0 

Appropriate to the 

given tableb 

The quantitative information on the table was used properly 1 

The quantitative information on the table was used properly 0 

Appropriate to the 

given situation and 

expected solutionc 

The problem satisfies the given situation, and the needed answer 1 

The problem satisfies the given situation, and the needed answer 0 
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posing performance of students in a free situation 

(PPT). The rubric was modified by removing two 

original categories that do not seem appropriate to 

assess structured and semi-structured PPTs (cf. 

Cankoy and Özder 2017). One category is also added 

to assess their problem-posing performance in specific 

problem-posing processes described by Christou et al. 

(2005). The PPT has a total score of 60 points. Each of 

the operations is given a maximum score of 15 points.  

 

 

RESULTS 

 

Pre-service Teachers’ Proficiency in Fraction 

Subconstructs 

The pre-service teachers performed unsatisfactorily in 

the FST (Overall MPS = 51.76) (Table 4), suggesting 

they have about 52% mastery of the expected 

competencies. Furthermore, the computed average 

standard deviations (SD = 25.98) of scores indicate 

that the Elementary Pre-service Teachers’ scores 

range from beginning to proficient levels (51.76 ± 

25.98). 

 

Elementary Pre-service Teachers’ Problem-Posing 

Performance in Fraction Arithmetic 

They performed unsatisfactorily in the PPT 

(Overall mean = 2.00), suggesting that their 

conceptual understanding of fraction arithmetic is not 

fully developed (Table 5). The computed overall SD 

indicates that student performance has a wide 

variability, ranging from poor to excellent (2.00 ± 

3.25).

 

 

Table 4. Pre-service teachers’ proficiency in fraction subconstructs. Note: Unsatisfactory/Beginning = 0.00-59.99; Fairly 

Satisfactory/Developing = 60.00-67.99; Satisfactory/Approaching Proficiency = 68.00-75.99; Very Satisfactory/Proficient = 

76.00-83.99; Outstanding/Advanced = 84.00-100.00. MPS – mean percentage score_; SD – standard deviation. 

 

FRACTION SUBCONSTRUCTS MPS SD DESCRIPTION 

Part-whole subconstruct 64.87 25.09 Fairly Satisfactory / Developing 

1. Translating the picture to a symbolic fraction 75.41 26.18 Satisfactory / Approaching 

Proficiency 

2. Translating symbolic fractions to picture 34.43 47.91 Unsatisfactory / Beginning 

3. Reconstructing the whole given a part of it 42.62 49.86 Unsatisfactory / Beginning 

Measure subconstruct 39.49 20.25 Unsatisfactory / Beginning 

1. Identifying fractions as numbers 65.57 47.91 Fairly Satisfactory / Approaching 

Proficiency 

2. Locating numbers on number lines 36.07 24.72 Unsatisfactory / Beginning 

3. Comparison of magnitudes of fractions 50 37.64 Unsatisfactory / Beginning 

4. Finding a number between two fractions 24.59 43.42 Unsatisfactory / Beginning 

5. Finding a number closer to one 31.98 39.83 Unsatisfactory / Beginning 

Operator subconstruct 47.21 27.58 Unsatisfactory / Beginning 

1. Representing mathematical statements into fractions 63.93 29.01 Fairly Satisfactory / Approaching 

Proficiency 

2. Finding output quantity given input and fraction operator 41.8 44.89 Unsatisfactory / Beginning 

3. Finding input quantity given output and fraction operator 24.59 43.42 Unsatisfactory / Beginning 

Quotient subconstruct 55.46 23.91 Unsatisfactory / Beginning 

1. Linking a fraction to the division of two numbers 75.41 43.42 Satisfactory / Beginning 

2. Partitive division 47.54 30.10 Unsatisfactory / Beginning 

3. Quotative division 57.38 40.66 Unsatisfactory / Beginning 

Overall MPS 51.76 25.98 Unsatisfactory / Beginning 
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Table 5. The respondents’ problem-posing performance in operations with fractions. Note: Poor = 0-1.25; Unsatisfactory = 

1.26-2.50; Satisfactory – 2.51-3.75; Excellent = 3.76-5.00. 

 
OPERATION 𝐱̄ SD DESCRIPTION 

Addition 2.44 3.69 Unsatisfactory 

Comprehending 2.41 1.99 Unsatisfactory 

Translating 3.02 1.88 Satisfactory 

Selecting 1.89 1.46 Unsatisfactory 

Subtraction 1.95 3.58 Unsatisfactory 

Comprehending 1.95 1.91 Unsatisfactory 

Translating 1.33 1.63 Unsatisfactory 

Selecting 2.56 173 Satisfactory 

Multiplication 1.70 3.82 Unsatisfactory 

Comprehending 1.08 1.49 Poor 

Translating 1.69 1.77 Unsatisfactory 

Selecting 2.33 1.74 Unsatisfactory 

Division 1.90 4.13 Unsatisfactory 

Comprehending 1.61 1.88 Unsatisfactory 

Translating 2.26 1.68 Unsatisfactory 

Selecting 1.82 1.91 Unsatisfactory 

Overall Performance 2.00 3.25 Unsatisfactory 

 

 

Predictors of Conceptual Understanding of 

Arithmetic Operations on Fractions 

When examining the predictors of conceptual 

understanding of arithmetic operations on fractions, 

multiple linear regression analyses were conducted. 

The Variance Inflation Factor (VIF) of the 

independent variables ( part − whole =
 1.66, measure =  1.30, operator =
 1.04, and quotient 1.49) was less than 2 in all models, 

indicating no severe multi–collinearity among the 

independent variables. Furthermore, the tests for 

normality of the residuals using the Shapiro-Wilk test 

and the Durbin-Watson Test for autocorrelation were 

not significant (P > 0.05). 

 The results revealed that EPTs' proficiency in 

the measure subconstruct significantly predicts their 

conceptual understanding of adding fractions (Table 

6). Additionally, their proficiency in the quotient 

subconstruct predicts their conceptual understanding of 

subtracting fractions (Table 7). Moreover, their 

proficiency in operator and quotient subconstruct predicts 

a conceptual understanding of multiplying fractions 

(Table 8), while their proficiency in the part-whole 

subconstruct predicts their conceptual understanding of 

dividing fractions (Table 9). 

 
Table 6. Predictors of conceptual understanding of adding fractions. Note: * Test is significant at the 0.05 level (2-tailed); 

***Test is significant at the 0.001 level (2-tailed). 

 

Predictor Coefficient Standard Error t-value p-value 

Part-Whole Subconstruct 0.182 0.305 0.596 0.554 

Measure Subconstruct 0.445 0.213 2.089 0.041* 

Operator Subconstruct 0.394 0.308 1.277 0.207 

Quotient Subconstruct 0.649 0.345 1.831 0.072 

Constant 1.465 1.360 1.077 0.286 

R-square = 0.286                  Multiple R = 0.535                F (4,56) = 5.62*** 
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Table 7. Predictors of conceptual understanding of subtracting fractions. Note: * Test is significant at the 0.05 level (2-tailed); 

***Test is significant at the 0.001 level (2-tailed). 

 

Predictor Coefficient Standard Error t-value p-value 

Part-Whole Subconstruct 0.442 0.305 1.474 0.146 

Measure Subconstruct -0.095 0.210 -0.453 0.652 

Operator Subconstruct 0.465 0.304 1.531 0.131 

Quotient Subconstruct 0.792 0.349 2.269 0.027* 

Constant 0.508 1.339 0.379 0.706 

R-square = 0.266                  Multiple R = 0.516                F (4,56) = 5.08*** 

 

Table 8. Predictors of conceptual understanding of multiplying fractions. Note: * Test is significant at the 0.05 level (2-tailed); 

**Test is significant at the 0.01 level (2-tailed). 

 

Predictor Coefficient Standard Error t-value p-value 

Part-Whole Subconstruct 0.171 0.326 0.524 0.602 

Measure Subconstruct 0.004 0.227 0.019 0.985 

Operator Subconstruct 0.820 0.329 2.489 0.016* 

Quotient Subconstruct 0.767 0.378 2.028 0.047* 

Constant -0.183 1.452 -0.126 0.900 

R-square = 0.243                  Multiple R = 0.492                F (4,56) = 4.48** 

 

Table 9. Predictors of conceptual understanding of dividing fractions. Note: * Test is significant at the 0.05 level (2-tailed); 

**Test is significant at the 0.01 level (2-tailed). 

 

Predictor Coefficient Standard Error t-value p-value 

Part-Whole Subconstruct 0.797 0.350 2.278 0.027* 

Measure Subconstruct -0.249 0.244 -1.018 0.313 

Operator Subconstruct 0.268 0.354 0.756 0.453 

Quotient Subconstruct 0.725 0.407 1.781 0.080 

Constant 0.105 1.562 0.067 0.947 

R-square = 0.249                  Multiple R = 0.499                F (4,56) = 4.64** 

 

 

DISCUSSION 

 

Proficiency in Fraction Subconstructs 

The results of the descriptive analysis 

demonstrate that most pre-service teachers were 

proficient in the part-whole subconstruct. This 

suggests that understanding the part-whole 

interpretation of fractions is easier for pre-service 

teachers compared to other aspects of fractions. This 

finding supports the Kieren-Behr model and implies 

that the part-whole interpretation is fundamental to 

learning fractions. The results also indicate that pre-

service teachers are comfortable interpreting fractions 

from visual representations. This verifies the popular 

notion that it is easier to learn with visual aids, similar 

to what Mendiburo et al. (2014) found in learning part-

whole through visual aids. The students must first 

understand the part-whole concept of the fraction 

before moving on to understanding the other four 

subconstructs. Nevertheless, this is also aligned with 

the conclusion of the study concluded by Baker et al. 

(2009) and Charalambous and Pitta-Pantazi (2007). 

The part-whole subconstruct being the most 

straightforward interpretation to acquire is not 

surprising since it is the most common representation 

of fractions starting from primary school (Alajmi 2012; 

Kolar et al. 2018; Jiang 2021).  

To develop a robust understanding of the 

measure subconstruct, an understanding of portioning 

and the density property of rational numbers is 

required, as the number of fractions between any two 

fractions is infinite (Charalambous and Pitta-Panttazi 

2007). The overall low proficiency in the measure 

subconstruct can be attributed to pre-service teachers’ 

difficulties dealing with number lines, especially when 

asked to locate a point on a number line (Widjaja et al. 

2011; Ergene and Ergene 2020; Jiang 2021). 

Furthermore, Tunc-Pekkan (2015) found that students 

performed poorly on problems with number lines 

compared to other graphical representations.  
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For the operator subconstruct, pre-service 

teachers also demonstrated unsatisfactory 

performance. This aligns with the notion that 

understanding fractions as operators, involving 

multiplication and division operations is challenging 

due to their multiplicative nature (Kieren 1976). 

Similar findings were reported by Buforn et al. (2017), 

highlighting pre-service teachers’ difficulties in 

recognizing students’ reasoning with inverse fraction 

operators. 

The pre-service teachers also performed 

poorly in the quotient subconstruct, indicating a lack 

of recognition that any fraction can be seen as the 

result of a division. Specifically, they struggled with 

discerning that the fraction x/y denotes the numerical 

value obtained when x is divided by y. This deficiency 

can be attributed to their unsatisfactory performance in 

quotative and partitive divisions. The result suggests 

that the pre-service teachers are not yet proficient in 

the “repetitive subtraction” and the “fair-sharing” 

concept of division. On some note, the results 

contradict the study conducted by Clarke and Roche 

(2009), who concluded that pre-service teachers were 

more successful in solving partitive division than 

quotative division. However, they partially support the 

findings of Lee (2017), who found that most pre-

service instructors could perform procedural fraction 

division calculations but had limited understanding of 

the quantitative meaning of quotative division. 

Overall, the pre-service teachers’ proficiency 

in fraction subconstructs fell short of the 50% mastery 

expected.  This result is consistent with previous 

studies that revealed limited and unsatisfactory 

knowledge of fractions among pre-service teachers 

(Van Steenbrugge et al. 2013; Avcu 2019). Similarly, 

Lee et al. (2015) suggested that many pre-service 

teachers have limited understanding of fraction 

subconstructs, particularly in the measure and operator 

subconstructs. 

 

Problem-Posing Performance in Fraction 

Arithmetic 

Generally, the pre-service teachers 

performed unsatisfactorily on the problem-posing task. 

This indicates that they posed problems that captured 

only limited aspects of the different semantic 

structures of the operation. Akay and Boz (2009) 

commented that pre-service teachers who did not have 

the opportunity to pose problems during their 

university years would encounter difficulties in 

preparing and posing practical problems for their 

students. They would likely rely mostly on textbook 

problems, giving assessments that are not sensitive to 

the student’s level of understanding. 

The unsatisfactory performance of the pre-

service teachers in posing addition problems in the 

comprehending-type PPT suggests that they face 

difficulties in making sense of the given equation by 

translating mathematical expressions into verbal 

expressions.  Similarly, they performed 

unsatisfactorily on the selecting–type of PPT when 

adding fractions. This also shows that pre-service 

teachers need help with the operational and semantic 

structure of adding fractions. On the other hand, the 

pre-service teachers performed satisfactorily on 

translating-type PPT by adding fractions, indicating 

that they could translate quantitative information 

embedded on a table into a verbal mathematics 

problem. Overall, the data revealed the deficiency of 

the pre-service teachers in problem-posing 

performance in adding fractions. This supports the 

study of Dogan-Coskun (2019), who further asserted 

that although the pre-service elementary teachers were 

able to pose problems focusing on the “part-part-

whole” or “joining” meanings of the addition 

operation, most of them posed problems with at least 

one error.   

The unsatisfactory performance of the pre-

service teachers in posing subtraction problems in the 

comprehending-type PPT suggests that they need help 

in formulating verbal mathematics problems as they 

could not grasp the overall meaning of the equation. 

Similarly, they performed unsatisfactorily on the 

translating type of PPT in subtracting fractions. This 

also shows that pre-service teachers have problems 

translating quantitative information into tabular form. 

In contrast, the pre-service teachers performed 

satisfactorily in the selecting-type of PPT in 

subtracting fractions. This indicates that they can 

translate quantitative information into a verbal 

problem in subtracting fractions. Similar results were 

articulated by the study conducted by Dixon et al. 

(2014), where they found that most pre-service 

teachers could not pose a problem with subtraction 

problems appropriately. Furthermore, they found that 

pre-service teachers, when asked to pose a problem 

presenting the expression 𝑎 − 𝑏 , tend to pose 

problems representing 𝑎 − (𝑎𝑏) , especially in the 

domain of fractions because of incorrect redefinition 

of the whole. Similar errors were noticed in the 

problems posed by the pre-service teachers in the 

present study.  

The results suggest that the pre-service 

teachers have difficulty posing a multiplication 

problem in all three types of PPT, especially in the 

comprehending-type of task. This further suggests that 

they could not wholly translate equations, situations, 

tables, and figures into verbal mathematics problems 

when multiplying fractions. In total, this result was 
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comparable to the analysis of Luo (2009), where their 

analysis suggests that a significant percentage of the 

pre-service teachers in the study could not construct an 

entirely appropriate fraction multiplication word 

problem, and their known semantic structures are 

limited. Based on these results, Luo (2009) asserted 

that pre-service teachers should at least possess both 

mathematical content knowledge and problem-posing 

skills. 

From the results, it can also be concluded that 

they performed worse in posing multiplication 

problems compared to the other operations. This 

contradicts the common knowledge that division is 

more complicated to grasp due to its more complex 

structure (Tirosh 2000). Moreover, this contradicts the 

findings of Xie and Masingila (2017), who concluded 

that division was the most challenging operation for 

posing story problems among the four operations. This 

further indicates that pre-service teachers were not 

familiar with or comfortable with the semantic 

structures of multiplication problems (e.g., part-of-a-

whole and area). It can also be noted from the results 

of the present study that the pre-service teachers 

performed poorly on the comprehending-type of PPT. 

These difficulties in the transformation of symbolic 

expressions into verbal expressions are noticeable at 

the international level (Kar and Işık 2014). These 

alarming results suggest that formal training and 

frequent exposure to problem-posing tasks, especially 

in the multiplication-comprehending-type, need 

attention from teacher educators and authorities. 

The unsatisfactory performance of the pre-

service teachers in posing division problems conforms 

with the study conducted by Leung and Carbone 

(2013).  Their analysis showed that only one-third of 

pre-service teachers could pose reasonable division 

problems that require a fraction divisor. Thus, in 

conjunction with their analysis, this depicts that many 

pre-service teachers do not have a rigorous 

understanding of the meaning of “dividing by a 

fraction.” They could potentially skip explanations of 

these concepts with their future students or just focus 

on computation procedures. 

 

Predictors of Conceptual Understanding of 

Arithmetic Operations on Fractions 

To recall, the study aimed to argue that the 

fraction subconstruct must be able to predict not only 

procedural fluency in fraction arithmetic but also 

conceptual understanding. For comparison, Figure 1 

presents the Kieren-Behr model, and Figure 2 

summarizes the results of the series of regression 

analyses. We can notice that the analyses partially 

concurred with the hypothesis of the Kieren-Behr 

model except for the quotient subconstruct. 

 
 

Figure 2. Summary of the regression analysis. 

 

For predicting of the conceptual 

understanding of adding fractions, it was found that 

proficiency in the measure subconstruct is the most 

critical predictor. Pre-service teachers with a firm 

grasp of the measure subconstruct are likely adept at 

recognizing and manipulating fractions in various 

contexts, enabling them to better conceptualize the 

addition of fractions. The measure subconstruct, 

encompassing numerical relationships and magnitude 

comprehension, provides a foundation for pre-service 

teachers to accurately assess and perform operations 

related to the quantitative aspects of fractions. The 

result is consistent with the hypothetical pathways of 

the Kieren-Behr model. Furthermore, it supports the 

analysis of Baker et al. (2009) on adult learners, in 

which they found that understanding the measure 

subconstruct implies proficiency in adding fractions. 

The result suggests that teacher educators should pay 

attention to and plan intervention on pre-service 

teachers’ proficiency in determining magnitudes of 

fractions, locating numbers on number lines, finding a 

number between two fractions, and finding a number 

closer to one, as they showed a lack of understanding 

in these areas. It has been shown that this lack of 

understanding may contribute to their development of 

concepts in adding fractions. 

The quotient subconstruct appeared to be the 

primary predictor of the conceptual understanding of 

subtracting fractions. The result disagreed with the 

analysis of Charalambous and Pitta-Pantazi (2007) 

and Baker et al. (2009), who suggested that the 

measure subconstruct must also have a significant 

relationship with solving subtraction problems. 

However, the result of the present study showed that 

when it comes to posing subtraction problems, the 

relationship between the measure subconstruct and the 

operation of subtraction does not hold. A plausible 

reason for the relationship found between the quotient 
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subconstruct and the conceptual understanding of 

subtracting fractions is that pre-service teachers may 

be using their proficiency in “repeated subtraction” 

(quotative division) as a strategy for building 

relationships between the given quantitative 

information on each problem in subtraction. 

Nevertheless, the result of the analysis implies that the 

proficiency of the pre-service teachers in solving 

quotative and partitive division problems must be 

emphasized in the curriculum to help them be better 

problem-solvers when it comes to subtracting 

fractions. 

For the conceptual understanding of 

multiplying fractions, the operator and quotient 

subconstruct appear to be the main predictors. The 

result is consistent with the hypothesis of the Kieren-

Behr model, which suggests that knowledge of the 

operator subconstruct implies procedural knowledge 

of multiplying fractions. It is important to note that the 

quotient subconstruct was also found to be a 

significant predictor, which is comparable with the 

study of Charalambous and Pitta-Pantazi (2007) and 

Baker et al. (2009) where they found that knowledge 

of the quotient subconstruct is more important than the 

operator subconstruct in predicting fluency in 

multiplying fractions both young and adult learners. A 

plausible explanation for their relationship is that pre-

service teachers may be using their proficiency in the 

“invert-multiply strategy” (a strategy commonly used 

to solve division problems) to establish relationships 

between the quantitative information needed to pose 

multiplication problems involving fractions. The 

results suggest that teacher educators should pay 

attention to and plan interventions for pre-service 

teachers’ knowledge of partitive and quotative 

divisions as these help understand problem-posing 

tasks related to fraction multiplication. 

Surprisingly, the quotient subconstruct did 

not significantly predict the concept of dividing 

fractions. Results showed that proficiency in the part-

whole subconstruct is the main predictor of the 

conceptual understanding of dividing fractions. This 

result supports the relationship between part-whole 

and division found by Bicknell and Loveridge (2015). 

This further implies that pre-service teachers might be 

using the part-whole concept, in which the parts are 

considered components of the whole, to help identify 

which quantitative information serves as the dividend 

(part) and which one serves as the divisor (whole). 

 

 

Recommendation for Instruction and Future 

Researchers 

 The significant regression model suggests 

that fractions subconstructs should be introduced first 

before the concepts of adding, subtracting, multiplying, 

and dividing fractions. These subconstructs will serve 

as a stepping stone in successful assimilating and 

accommodating the semantic structures of the 

corresponding fraction operations. 

 Due to low performance in both FST and PPT, 

we encourage curriculum writers and educators of pre-

service teachers to revisit the mathematics curriculum 

offered to them and consider providing an adequate 

learning episode for fraction subconstructs. 

A separate study dedicated solely to the 

detailed description of the mental activities and 

misconceptions of pre-service teachers on operations 

with fractions manifested through problem-posing 

tasks and a follow-up interview is highly 

recommended for future researchers. Furthermore, the 

analysis of the creativity of the problem-posers may be 

given a spot light to provide a more explicit role for 

proficiency in fraction subconstructs. 
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ABSTRACT 

 
Cowries (Cypraeidae) are popular among shell collectors because of their beauty and relative 

availability.  Some species of cowry have high collection values among shell markets, however this has 

led to an increase number of species and unnecessary proliferation of taxonomic names with little 

information on their morphology.  Thus, this study was conducted to describe morphological variations 

among cowry shells obtained along Sindangan Bay, Philippines. The shell morphological attributes (e.g. 

shell shape, color, bands, banding pattern), morphometric characters (e.g. shell length, width, height, 

number of teeth, etc.), and shape were characterized using the relative warp scores generated from the 

outline and landmark-based geometric morphometric analysis (GM) and correlation analysis based on 

distances (CORIANDIS). Sixteen (16) morphological and ten (10) meristic characters of 113 samples 

from the seven Cypraeidae species were examined and analyzed. The variations on color, banding pattern, 

lateral margins, dorsal/transverse line, spire, teeth, size and shape of the shell were mainly observed. 

Relative warp analysis showed significant shell shape variation among Cypraeidae species. Correlation 

analysis based on distances showed morphological, size, and shape differences among Cypraeidae species. 

As revealed in correlation analysis, the observed variation in size was significantly correlated with shape. 

The observed differences could be due to many factors including genetic, biotic and abiotic factors; 

developmental processes and physiology in responses of the organisms to a unique environment. Thus, 

geometric morphometrics and CORIANDIS helped us understand the nature of diversity in the family 

Cypraeidae species. Further studies on environmental heterogeneity, species position within the 

population's distribution, and the genetic basis of the observed phenotypic diversity are necessary. Such 

emphasis can lead to additional information in the systematic studies on species of family Cypraeidae.   

 

Keywords:  cowry, cluster, dendrogram, disparity, Sindangan, variation 

 
 

INTRODUCTION 

 

Cowries, marine gastropods in the family 

Cypraeidae, are popular among shell collectors due to 

their glossy shells with varied colors and patterns. 

Cowries are collected for its aesthetic value, consumed 

as food, and used in shell crafts industry. Cowries play 

important roles as herbivores, predators and 
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decomposers in maintaining healthy balanced marine 

ecosystems (Poutiers 1998).  Generally, they are 

widely distributed in reef-building corals (Malay and 

Paulay 2010). The presence of a beautiful shell in 

some cowry species have high collection values 

among shell markets (Ma et al 2023). However, 

commercial factors have led to an increase in the 

species number of cowries, which has resulted in an 

unnecessary proliferation of taxonomic names 

(Passamonti 2015). Cowries are currently classified 

into 55 genera and 9 subfamilies (MolluscaBase 2022) 

and approximately 217 species and numerous 

subspecies.  Species level taxonomies are very 

subjective in contrast to stable taxonomies in higher 

levels. Despite well-defined shell-based genera, they 

have received limited attention from biologists and 

malacologists, resulting in few scientific studies 

available (Passamonti 2015). 

 Morphological studies rely on defining 

characters for species identification that may support 

the taxonomic validity of the species (Moneva 2012). 

In gastropod species-level taxonomy (Ackerly 1989), 

the external form of the shell is crucial for species 

discrimination (Kohler and Glaubrecht 2003). Cowry 

shells possess numerous characteristics, requiring 

multiple traits to describe their variability (Heiman 

2011). Despite the relative disparity of shell 

morphologies, several conserved anatomical features 

and the rigid nature of their shells make gastropods 

well suited subjects of morphometric analysis (Smith 

and Hendricks 2013).  

Geometric morphometrics is a tool used to 

quantify, interpret and analyze the size and shape of 

biological structures (Rohlf and Slice 1990), 

transforms continuous morphological data in the form 

of coordinate points into discrete characteristics 

represented by principal components of shape 

(Zelditch et al. 2012), integrates multivariate statistics 

and geometric principals to convey shape variation 

between specimens. This approach may add to 

understanding of morphological evolution, 

biogeography, and trait plasticity. In order to describe 

variability in the species, it is necessary to use a range 

of characters since cowry shells can be distinguished 

by more than one character.  

Thus, this study aimed to characterized the 

phenotypic variations in Cypraiedae species using 

qualitative and quantitative morphological characters 

such as shell shape, color, bands, banding pattern, 

length, width, height, and teeth, respectively. 

Landmark and outline-based geometric 

morphometrics and correlation analysis based on 

distances were used to detect size and shape variation 

and analyze similarities and differences among species 

collected in Sindangan Bay, Philippines. This study is 

important in advancing the knowledge in the nature of 

variations in populations of organisms living in 

different ecological environments. 

 

 

METHODS 

 

Sampling Area 

Sampling occurred in marine sanctuaries in 

Guisukan, Doña Josefa; Languyon, La Concepcion; 

and Dinukot, RG Macias in Sindangan Bay, 

(8°13'37"N; 122°54'55"E), Zamboanga del Norte, 

Philippines (Figure 1).  

 

 
 
Figure 1. (A) The three study areas in Sindangan Bay, 

Sindangan, Zamboanga Del Norte.and (B) Zamboanga 

peninsula, and (C) inlet maps of the Philippines. 

 

Sample Collection, Identification and Digital 

Images 

Sampling was conducted during the lowest 

tide mark. A total of 113 specimens (Figure 2) which 

comprise of seven (7) Cypraeidae species namely; 

Cypraea. caputserpentis Linn 1758 (a), Cypraea 

annulus Linn 1758 (b), Cypraea felina Gmelin 1791, 

Cypraea tigris Linn 1758 (d), Cypraea caurica Linn 

1758 (e), Cypraea moneta Linn 1758 (f) and Cypraea 

arabica Linn 1758 (g), were collected from reef flat 

shorelines up to 3 meters deep. The cowries were 

identified based on literature and locally available 

references (Poutiers 1998; Froese and Pauly 2022). 

Each shell was photographed where the columella is at 

90° of the x-axis in aperture and dorsal views. These 

images were subjected to geometric morphometric 

analysis (e.g. TPS file, Relative Warp Analysis). 
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Figure 2. An illustration showing the dorsal (a1-g1) and ventral (a2-g2) shell of the Cypraeidae species. Legend: Cypraea 

cataputserpentis (a), Cypraea. annulus (b), Cypraea felina (c), Cypraea tigris (d), Cypraea caurica (e), Cypraea moneta (f) 

and Cypraea arabica (g). 

 

Morphological (Qualitative) and Morphometric 

(Quantitative) Characterization 

A matrix summarizing 26 characters (16 

qualitative and ten quantitative) was created for data 

analysis (Table 1). Morphometric measurements, 

including shell dimensions, aperture size, and weight, 

were obtained   using a digital Vernier caliper and 

weighing scale, respectively (Figure 3A, 3B and 3C). 

Columellar and labial teeth (CTR and LTR) (Figure 

3D) were normalized using the formula, where total 

length or TL (in mm) of the shells served as the 

primary input variable (Heiman 2011):  

𝐿𝑇𝑅 = 7 + (𝐿𝑇 − 7) × (
25

𝐿
×

1

2
) 

𝐶𝑇𝑅 = 7 + (𝐶𝑇 − 7) × (
25

𝐿
×

1

2
) 

 
Table 1. List of shell characters used in the analyses of the morphology and morphometrics characterization. 

 

Characters Scoring 

1. Shape-dorsal (0) ovate; (1) deltoidal-ovate; (2) elongated/cyclindrical 

2. Shape-ventrall (0) broad, flat, slightly concave; (1) flat-convex; (2) concave 

3. Color- dorsal part  (0) creamy- white; (1) light fawn; (2) dark brown; (3) yellowish-green; (4) grey 

4. Color- ventral part (0) creamy grey/purplish pink; (1) creamy-light fawn/brown; (2) cream white/whitish 

5. Color- lateral margins (0) grayish-white; (1) creamy-light fawn; (2) dark brown; (3) cream-white/white 

6. Color-columellar and 

labial teeth 

(0) reddish-brown; (1) light fawn/brown; (2) cream-white/whitish 

7. Axial bands- line situated 

along the axis 

(0) none; (1) 1; (2) dissolve; (3) 3; (4) 4 

 

8. Banding patterns- 
irregular arrangement of 
lines and space on the 
dorsal portion of the shell 

(0) numerous; (1) few; (2) no white rounded spaces; (3) numerous white spots; (4) 

numerous 

smaller brown spots; (5) transverse bands; (6) yellow ring; (7) black/brown spot; (8) 

regular brown flecking crossed by four darker bands that run along at the dorsal surface 
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Characters Scoring 

9. Dorsal line- line around 

the shell body 

(0) indistinct; (1) visible; (2) partially visible 

10. Spire  (0) partially covered by a callus; (1) visible, slightly protruding; (2) depressed 

11. Lateral margins (0) distinctly calloused at proximity; (1) flat and smooth;(2) rounded; (3) wide angulate 

12. Lateral spots (0) absent; (1) present 

13. Basal spots (0) absent; (1) present 

14. Terminal spots (0) absent; (1) present 

16. Outer lip (0) declivous; (1) constricted 

17. No. of Labial teeth  (0) 8-12; (1) 13-17; (2) 18-22; (3) 23-27 

18.No of Columellar teeth (0) 8-12; (1) 13-17; (2) 18-22; (3) 23-27 

19. LTR (0) 8-12; (1) 13-17; (2) 18-22; (3) 23-27 

20. CTR (0) 8-12; (1) 13-17; (2) 18-22; (3) 23-27 

21. Shell Length (mm) (0) 15-26; (1) 27-38; (2) 39-50; (3) 51-62; (4) 63-74; (5) ≥75 

22. Shell Width (mm) (0) 9-19; (1) 30-30; (2) 31-41; (3)42-52; (4) ≥53 

23. Shell Height (mm) (0) 7-17; (1) 18-28; (2) 29-39; (3) 40-50 

24. Aperture length (mm) (0) 13-23; (1) 24-34; (2) 35-45; (3) ≥46 

25. Aperture width (mm) (0) 1-2; (1) 3-4; (2) 5-6 

26. Ave. weight (g) (0) < 10; (1) 11-21; (2) 22-32; (3) ≥33 

 

 
Figure 3. Morphometric and meristic measurements of Cypraea species shell size (in mm) such as length (A), width (B), 

height (C), and (D) - counting of teeth designations: A - a terminal ridge; L1 - the first labial tooth; 20-the last labial tooth; 1 

the first columellar tooth; 17 - the last columellar tooth.  

 

Landmark and Outline-based Geometric 

Morphometric Analysis 

 Shell shape analysis was done using a 

landmark and outline-based methodology to eliminate 

variations in location, orientation, and scale. One 

hundred anatomical landmarks along the dorsal 

portion (Figure 4A) and 17 along the ventral or 

apertural outline (Figure 4B, Table 2) were defined. 

The TpsDig freeware 2.12 (Rholf 2008a,) and Tps Util 

program 1.4 (Rholf 2009) facilitated the data 
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collection and statistical analysis of landmark data in 

morphometrics. The landmark coordinates were 

transferred to Microsoft Excel application for data 

organization into groups.  Then the generalized 

orthogonal least squares Procrustes average 

configuration of landmarks was computed using the 

generalized Procustes Analysis (GPA) 

superimposition method. GPA was performed using 

the software tpsRelw, ver. 1.46 (Rholf 2008b). 

Histograms were generated using Paleontological 

Statistics [PAST] software (Hammer et al. 2009). The 

pairwise comparisons (Demayo et al. 2011), Kruskal-

Wallis tests, and Canonical Variance Analysis (CVA) 

were used to analyze differences in shell shape among 

species and population variations. 

 

 
Figure 4. Landmarks used to describe the shape of the (A) dorsal and (B) ventral/apertural view of the shell of seven Cypraea 

species collected from Sindangan, Philippines. 

 
Table 2.  Descriptions of the anatomical landmark (LM) points in seven Cypraea species. 

 
Landmark (LM) No. Description of landmarks 

1 last columellar tooth 

2 first columellar tooth 

3 terminal ridge 

4 fore top of the inner lip 

5 medial point between points 4 and 6 at the left shell margins 

6 most prominent point of the left shell margins 

7 medial point between points 6 and 8 

8 hind top of the inner lip 

9 junction point of the posterior canal 

10 hind top of the outer lip 

11 last labial tooth 

12 first labial tooth 

13 junction point of the anterior canal 

14 fore top of the outer lip 

15 medial point between points 14 and 16 

16 most prominent point of the right shell margins 

17 medial point between points 16 and 10 

 

Correlation Analysis Based on Distances 

Morphological and morphometric datasets 

that include landmarks for shell shape were analyzed 

using the Correlation analysis based on distances 

(CORIANDIS) 1.1 beta (Marquez and Knowles 

2007). Associations among cowry shells were 

determined using multivariate datasets, compromise 

space projections, trait variance, unity, and 

multivariate covariance measures. The option 

"Projections on compromise space" was selected; this 

was done to plot all specimens/groups and traits/sets 

in the same space, obtained by projecting each dataset 

plus their weight average ('compromise') onto the 

compromise space. The stacked bar graphs visualized 

differences among the species (Tabugo et al. 2010 and 

Gutierrez et al. 2011). Cluster analysis was performed 

using the obtained scores. Correlation analysis 

examined the relationship between shell shape (dorsal 

and ventral) and size (length, thickness, aperture 

length). 
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RESULTS 

 

Morphological (Qualitative) and Morphometric 

(Quantitative) Analysis of Shell Morphology  

Morphological and morphometric analyses 

identified three clusters based on 16 morphological 

characteristics (Figure 5A). Clusters 1 and 2 differed 

in shell shape, axial bands, banding patterns, color, 

and lateral margins while cluster 3 consisted of four 

species subgroups with axial bands and banding 

pattern variations. Each species exhibited unique 

morphological traits. However, the morphometric 

analysis identified six clusters (Figure 5B), each 

representing different species based on labial and 

columellar teeth, shell dimensions, apertural length, 

and average weight. Clusters identified include Cluster 

1 (two closely-related species 7), Cluster 2 (species 2, 

4, 5, and 6), Clusters 3, 4, and 5 (species 1 and 3), and 

Cluster 6 (sole species 1). The seven Cypraeidae 

species exhibit distinct variations in labial and 

columellar teeth, shell dimensions, and average weight 

within each cluster. 

 

 
 

Figure 5.  Hierarchical clusters of individuals of various qualitatively described (A) morphological (B) 

morphometric characters of Cypraea arabica (1), Cypraea caputserpentis (2), Cypraea felina (3) Cypraea caurica 

(4), Cypraea moneta (5), Cypraea annulus (6) and Cypraea tigris (7) collected in Sindangan Bay, Philippines. 

 

 

Cypraea tigris had the highest shell weight 

and size measurements, such as length, width, 

thickness, apertural length, and apertural width (Table 

3). Cypraea felina had multiple labial and columellar 

teeth. Cypraea moneta had the most petite average 

shell weight and size measurements except apertural 

width. Cypraea annulus had the least apertural width 

(1.08 mm). Cypraea annulus, Cypraea moneta, 

Cypraea caputserpentis, had measurement values very 

close to each other while Cypraea arabica had values 

more comparable to Cypraea felina and Cypraea tigris 

had the highest size measurements among the group.  

 

Landmark and Outline-based Geometric 

Morphometric Analysis  

Figure 6 presents the geometric 

morphometric analysis summary of 113 shells, 

showing consensus morphology (ventral/apertural and 

dorsal portion) based on relative warps (RW) from 

Table 4. Two significant RWs described the dorsal 

shape (Figure 6A), and four described the ventral 

shape (Figure 6B). Histogram projections display 

negative and positive deviations from the mean shape. 

The mean shape of the shell is shown in the topmost 

image. Negative RW1 and RW2 show depressed right 

lateral margins on the dorsal side, while positive RW1 

and RW2 show depressed left and right lateral margins. 

On the ventral side, negative RW1-4 scores indicate a 

slightly depressed anterior extremity, while positive 

scores show heavily depressed anterior and posterior 

extremities. Kruskal-Wallis test confirmed differences 

in dorsal and ventral shell shapes among the seven 

species (Table 5). 

Significant differences in shell shapes of the 

seven species were observed, such as the number of 

landmarks used, species differentiation based on the 

distribution of the samples along the first canonical 

variate axes of RW scores of the dorsal and 
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ventral/apertural view of the shell (Table 6). The 

distribution of individual cowries in the CVA 

scatterplot of the dorsal and ventral shell is shown in 

Figure 7A and Figure 7B, respectively.  While 

overlaps were observed, the differences could also be 

observed on those variant forms that are outside the 

overlaps. 

 
Table 3. Average measurements in shell size such as shell length (SL), shell width (SW), shell thickness (ST), shell aperture 

length (SAL), shell aperture with (SAW); shell weight (SWt) and number of normalized labial (LTR) and columellar (CTR) 

teeth of the seven Cypraea species. 

 

Species 
SL 

(mm) 

SW 

(mm) 

ST 

(mm) 

SAL 

(mm) 

SAW 

(mm) 

SWt 

(g) 

LTR 

(no.) 

CTR 

(no.) 

Cypraea arabica  43.05 27.78 22.66 40.51 3.35 14.88 19.16 18.49 

Cypraea caputserpentis  27.67 21.28 13.92 26.40 1.68 5.94 15.00 11.00 

Cypraea felina 39.80 25.20 21.13 38.63 2.88 7.64 22.00 20.00 

Cypraea caurica  20.99 11.57 9.65 20.19 1.18 0.94 14.00 13.00 

Cypraea moneta  16.48 9.58 7.66 14.97 1.23 0.49 13.00 11.00 

Cypraea annulus 19.67 13.80 10.04 18.59 1.08 1.84 13.00 10.00 

Cypraea tigris  73.39 51.93 39.10 68.82 5.84 64.46 17.00 16.00 

 
Table 4. Percentage variance and overall shape variation in the dorsal and ventral shell of Cypraeidae as explained by 

significant relative warps. 

 

RW 
% 

Variation 
Dorsal shell 

% 

Variation 
Ventral shell 

1 73.13 High (+) RW scores show heavily 

depressed left and right lateral 

margins near the anterior and 

posterior parts of the right shell 

margins.  

 

Low (-) RW1 scores indicate heavily 

depressed right lateral margins near 

the anterior part of the shells. 

52.08 High (+) RW scores: Heavily depressed 

anterior and posterior extremities. 

 

Low (-) RW scores: Slightly depressed 

anterior extremity of the shell. 

2 17.66  High (+) RW scores: Heavily 

depressed left and right lateral 

margins near the anterior part, slightly 

depressed posterior part of right shell 

margins.  

 

Low (-) RW1 scores: Heavily 

depressed right lateral margins near 

the anterior part of shells. 

16.77 High (+) RW scores: Heavily depressed 

anterior and posterior extremity. 

 

Low (-) RW scores: Slightly depressed 

anterior extremity of the shell. 

3   10.11 High (+) RW scores: Heavily depressed 

anterior and posterior extremity. 

 

Low (-) RW scores: Slightly depressed 

anterior extremity of the shell. 

4   7.27 High (+) RW scores: Heavily depressed 

anterior and posterior extremity. 

 

Low (-) RW scores: Slightly depressed 

anterior extremity of shell. 
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Figure 6. Relative warp (RW), box plot and histogram showing variations in the (A) dorsal and (B) ventral/aperture shell 

shape of seven Cypraea species. Legend: (1) Cypraea arabica, (2) Cypraea caputserpentis, (3) Cypraea felina, (4) Cypraea 

caurica, (5) Cypraea moneta, (6) Cypraea annulus and (7) Cypraea tigris. 
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Table 5. Pairwise comparison of the mean shapes of the dorsal and ventral side of the shell of the seven Cypraea species 

from Kruskal-Wallis Test. 

RW Sp. 
Dorsal 

1 2 3 4 5 6 7 

1 1  4.365E-30 2.908E-08 1.766E-15 1.585E-31 1.569E-14 7.551E-13 

2 9.168E-29  1.371E-14 6.698E-13 1.072E-22 5.75E-24 2.02E-15 

3 6.107E-07 2.88E-13  4.113E-07 1.398E-10 1.97E-12 1.121E-2 

4 3.709E-14 1.407E-11 8.637E-06  0.6957 5.248E-14 2.893E-11 

5 3.328E-30 2.251E-21 2.937E-09 1  8.06E-26 3.436E-18 

6 3.295E-13 1.208E-22 4.138E-11 1.102E-12 1.693E-24  0.8937 

7 1.586E-11 4.242E-14 2.354E-11 6.076E-10 7.215E-17 1  

2 1  6.174E-21 0.0001107 0.2131 0.2954 5.375E-05 1.317E-07 

2 1.297E-19  1.428E-05 5.856E-05 3.608E-06 7.91E-08 0.01201 

3 0.002325 0.0002999  0.02236 0.07839 0.7623 0.3131 

4 1 0.00123 0.4696  0.1734 0.08118 0.005793 

5 1 7.576E-05 1 1  0.2599 0.01551 

6 0.001129 1.661E-06 1 1 1  0.05106 

7 2.765E-06 0.2522 1 0.1217 0.3257 1  

RW Sp 
Ventral/Apertural 

1 2 3 4 5 6 7 

1 1  1.776E-21 1.749E-07 0.9235 3.521E-07 3.656E-19 0.00127 

2 3.729E-20  6.698E-13 20525E-11 2.121E-08 0.2912 1.079E-15 

3 3.673E-06 1.407E-11  6.067E-06 6.539E-12 3.473-13 1.357-08 

4 1 5.303E-10 0.0001274  0.0001309 2.087E-09 0.0003621 

5 7.394E-06 4.454E-07 1.373E-10 0.002748  1.709E-05 0.4282 

6 7.678E-18 1 7.294E-12 4.383-08 0.0003589  2.603E-10 

7 0.02667 2.266E-14 2.849E-07 0.007604 1 5.467E-09  

2 1  1.913E-23 0.001159 2.48E-12 3.252E-10 0.8862 1.051E-15 

2 4.018E-22  3.998E-12 3.763E-12 5.479E-16 4.411E-16 9.703E-15 

3 0.02434 8.397E-11  5.573E-10 0.01113 0.02106 1.392E-11 

4 5.207E-11 7.903E-11 1.17E-08  8.897E-05 3.634E-11 0.9244 

5 6.83E-09 1.151E-14 0.2337 0.001868  2.885E-07 1.586E-06 

6 1 9.264E-15 0.4423 7.631E-10 6.059E-06  5.996E-15 

7 2.208E-14 2.038E-13 2.924E-10 1 3.331E-05 1.259E-13  

3 1  1.913E-23 0.001159 2.48E-12 3.252E-10 0.8862 1.051E-15 

2 4.018E-22  3.998E-12 3.763E-12 5.479E-16 4.411E-16 9.703E-15 

3 0.02434 8.397E-11  5.573E-10 0.01113 0.02106 1.392E-11 

4 5.207E-11 7.903E-11 1.17E-08  8.897E-05 3.634E-11 0.9244 

5 6.83E-09 1.151E-14 0.2337 0.001868  2.885E-07 1.586E-06 

6 1 9.264E-15 0.4423 7.631E-10 6.059E-06  5.996-15 

7 2.208E-14 2.038E-13 2.924E-10 1 3.331E-05 1.259E-13  

4 1  5.146E-27 1.402E-09 3.283E-09 3.485E-17 3.668E-33 8.855E-14 

2 1.081E-25  8.188E-10 2.634E-09 4.078E-08 0.8696 5.206E-10 

3 2.943E-08 1.72E-08  0.4553 0.05558 5.881E-10 0.1596 

4 6.894E-08 5.531E-08 1  0.1445 1.746E-09 0.5689 

5 7.321E-16 8.565E-07 1 1  4.727E-09 0.2755 

6 7.702E-32 1 1.235E-08 3.666-08 9.926E-08  2.742E-10 

7 1.859E-12 1.093E-08 1 1 1 5.758E-09  

 

 
Table 6. Canonical variance analysis (CVA) of relative warp scores among seven Cypraea species. 

 
 DORSAL VENTRAL 

Wilks Lambda 0.1556 0.6977 

df1 12 24 

df2 984 1711 

F  125.8 7.748 

P(same) 3.721E-189 2.061E-25 
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Figure 7. Canonical variance analysis (CVA) scatter plot of the (A) dorsal and (B) ventral shell of the seven Cypraea species. 

 

Correlation Analysis Based on Distances 

(CORIANDIS) 

The heights of the stacked bar graphs (Figure 

8) and the interspecific locations of 

traits/characteristics (represented as colored points) in 

compromise space (Figure 9) indicate morphological 

and meristic differences among Cypraeidae species. 

The result shows low congruence and high disparity in 

the species' average shapes (dorsal and 

ventral/apertural) morphology and size measurements. 

As shown in the figure, species 2, 4, 5, and 6 had 

higher tendencies to cluster together, followed by 

species 1 and 3 in terms of their morphological and 

meristic similarities, except species 7, which inferred 

great differences in the characters between clusters.  

 

 
 

Figure 8. Stacked bar graphs showing disparity among the seven Cypraea species with regards to the shape (dorsal and 

ventral), morphological and morphometrics characters. Legend: (1) Cypraea arabica, (2) Cypraea caputserpentis, (3) Cypraea 

felina, (4) Cypraea caurica, (5) Cypraea moneta, (6) Cypraea annulus and (7) Cypraea tigris. 
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Figure 9. Plot of the principal components of “compromise” space axis of the seven Cypraea species. 

  

Figure 10 displays a dendrogram of the 

overall relationship among the seven Cypraeidae 

shells in compromise space. The results revealed three 

clusters based on the shell characters examined. 

Cluster 1, comprised of C. annulus was 71% similar to 

C. caurica, while C. moneta was 29% identical to C. 

caputserpentis, and 38% similar to C. caurica. The 

size, color, dorsal and ventral shape, and depressed 

spire were the main points of similarity. Cluster 2 C. 

arabica and C. felina were 34% similar in the visible 

spire, dorsal line, rounded lateral margins, and present 

lateral spots. Clusters 1 and 2 are 65% identical while 

species C. tigris solely clustered at 100% with the rest 

of Cypraeidae species because of its apparent large 

size and numerous black spots.  

 

 
 

Figure 10. Plot showing the degree of similarity of characters among the seven Cypraea species. 
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A correlation analysis was performed to 

determine the observed shell shape (Figure 11B) and 

size (Figure 11A) differences between groups based 

on the computed centroid size. Results show that shell 

length (Figures 12 and 13A), width (Figures 12B and 

Figure 13C), aperture length (Figures 12 and 13D) and 

width (Figures 12 and 13E) were significantly 

correlated with shell shape (P  0.05) except for the 

average weight (Figures 12 and 13F; Table 7). 

 

 

DISCUSSION 

 

Morphological (Qualitative) and Morphometric 

(Quantitative) Analysis of Shell Morphology 

Morphological differences observed among 

cowries (such as color, shape, banding pattern, lateral 

margins, dorsal/transverse line, spire, and teeth) are 

likely influenced by phenotypic plasticity, 

developmental plasticity, genetic composition, and 

environmental conditions (Miner et al. 2005). 

Phenotypic plasticity is an adaptive process that allows 

organisms to adjust their traits in response to 

environmental pressures (Moneva 2012). However, it 

is difficult to identify specific environmental factors 

responsible for shell morphology differences (Patiluna 

and Demayo 2015). Several studies revealed that 

plasticity in shell morphology has implications for its 

adaptation to different environments and evolutionary 

processes (Trussell and Etter 2001).   The 

morphological differences of the snail, A. fulica in 

size, shape and color can be attributed to 

environmental conditions (Mead 1961), variability in 

shape was due to genetic anomalies (Bequaert 1950). 

In addition, the morphological expression of 

characteristics (phenotypic) in other Cypraea species 

(i.e. Cypraea annulus) varies from juvenile to post-

adult development of shells (Laimeheriwa 2017). 

According to Irie and Iwasa (2003), the variety of 

phenotype characters are strongly influenced by 

genetic material or genotype and environment or 

ecotype. Furthermore, the environmental factors such 

as climate, humidity and temperature may cause 

physiological changes which could affect snail’s 

development (Vinic et al. 1988), especially the shell 

length-width relationship (Albuquerque et al. 2009) 

and influence the phenotypic character of a cowry 

shell (Oliver 2004). 

Growth rate and population density may also 

influence shell variations, indicating the presence of 

either phenotypic plasticity or genetic differentiation 

(Dela Rosa et al. 2010). While genetics is commonly 

associated with ecology-to-evolution effects, evidence 

is inconsistent (Hendry 2013). Understanding the 

specific mechanisms and other potential factors 

involved is crucial (Trussell and Etter 2001). A recent 

study in the reconstruction of the Cypraeidae's 

mitogenomic phylogeny showed the usefulness of 

pairwise genetic distance analysis in the identification 

of species (Ma et al. 2023), especially in cases of 

phenotypic plasticity or convergence (Abalde et al. 

2017a, b; Yang et al. 2018). Despite the progress made 

in genetic analysis, the conventional classification of 

Cypraeidae, which mostly relied on shell and 

anatomical traits, remains relevant.  

 

 
 

Figure 11. Centroid size (A) vs shape correlation (B) of the shell of the seven Cypraea species. Legend: (1) Cypraea arabica; 

(2) Cypraea caputserpentis, (3) Cypraea caurica; (4) Cypraea moneta; (5) Cypraea annulus; (6) Cypraea felina and (7) 

Cypraea tigris.  



Patiluna and Demayo: Morphological variations among cowries 

  
The Palawan Scientist, 16(2): 95-112 

© 2024, Western Philippines University 

 
107 

 
 

Figure 12. Correlation of shell dorsal shape with different morphological measurements such as (A) shell length, (B) shell 

width, (C) shell height, (D) shell aperture length, (E) width and (F) average weight of the seven Cypraea species. Legend: (1) 

Cypraea arabica; (2) Cypraea caputserpentis, (3) Cypraea caurica; (4) Cypraea moneta; (5) Cypraea annulus; (6) Cypraea 

felina and (7) Cypraea tigris.  
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Figure 13. Correlation of shell ventral shape with different morphological measurements, such as (A) shell length, (B) shell 

height, (C) shell width, (D) shell aperture length, (E) width and (F) average weight of the seven Cypraea species. Legend: (1) 

Cypraea arabica; (2) Cypraea caputserpentis, (3) Cypraea caurica; (4) Cypraea moneta; (5) Cypraea annulus; (6) Cypraea 

felina and (7) Cypraea tigris.  
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Table 7. Correlation analysis of shape (significant relative warp, RW1) with centroid size and other morphological 

measurements, such as shell length, shell height, shell width, shell aperture length and average weight of the seven Cypraea 

species.  

 

DORSAL 

Correlation Slope r P(uncorr) 

Shape (RW1) vs centroid size -4.1999E-05 -0.24215 4.1851E-08 

Shape (RW1) vs SL -269.22 -0.24218 4.165E-08 

Shape (RW1) vs ST -148.53 -0.24941 1.5805E-08 

Shape (RW1) vs SW -188.56 -0.34053 4.8501E-15 

Shape (RW1) vs SAL -254.19 -0.24821 1.8616E-08 

Shape (RW1) vs SAW -23.763 -0.16363 0.0002384 

Shape (RW1) vs SAve.Wt. -281.98 -0.23462 1.1123-07 

VENTRAL 

Shape (RW1) vs centroid size -0.0002824 -0.12477 0.0052096 

Shape (RW1) vs SL -114.3 -0.1307 0.0034148 

Shape (RW1) vs ST -63.06 -0.13176 0.00316 

Shape (RW1) vs SW -80.053 -0.13417 0.0026445 

Shape (RW1) vs SAL -107.92 -0.13625 0.0022636 

Shape (RW1) vs SAW -10.089 -0.11072 0.013244 

Shape (RW1) vs SAve.Wt. -119.72 -0.086341 0.053679 

 

Landmark and Outline-based geometric 

morphometric analysis  

 The observed variations in shell shape among 

cowries can be determined by the shell ontogenetic 

process, where new shell material is gradually 

deposited onto the existing aperture through 

accretionary growth. This allows the shell to expand 

and develop as the organism matures, maintaining its 

structural integrity (Liew and Schilthuizen 2016). 

Differences in shell shape amongst closely related 

species may therefore represent variations in shared 

developmental trajectories (Cruz et al. 2012), genetic 

architecture, and the influence of environmental 

factors (Cazzaniga 2006) such as shore exposure and 

zonation (Doyle et al. 2018). However, there are 

advantages to quantifying these shape differences that 

had been carried out in this study. Quantification 

allows for the recognition of intermediate forms; 

judging degrees of proximity or similarity; and 

extrapolation or prediction of hypothetical and 

experimental extremes (Cruz et al. 2012).  

As a result of this study, the landmark-based 

method has the greatest advantage than the outline-

based method because aperture shape is highly 

variable depending on the environmental factors 

where greater shell girth acts as defense against 

crushing predators (Doyle et al. 2018). Whereas the 

outline-based method can capture shells callus 

thickness since individuals of Cypraea annulus and 

Littorina species displayed larger and broader shell in 

lower shore and sheltered shores and with higher 

temperature (Irie 2005). Thus, geometric 

morphometrics offers a more effective approach than 

traditional methods for studying gastropod shell 

morphology. It provides a more detailed assessment of 

shape, identifying subtle differences and patterns 

missed by traditional measurements (Carvajal-

Rodríguez et al. 2005). 

 

Correlation Analysis Based on Distances 

(CORIANDIS) 

The morphometric characters observed in 

this study are positively correlated with shell shape, 

except for weight and number of teeth (Irie 2005). 

Cowries exhibit explicit determinate growth, with 

shell size not increasing after the juvenile stage (Irie 

and Morimoto 2008). The shell form among cowries 

has, over time, varied greatly in the morphometrics 

selected to represent shell form (Bridges and Lorenz 

2013). The observed variations can be the result from 

the interaction between an individual's genetic 

architecture and the environment. Environmental 

conditions are essential for understanding the 

differences observed in cowry shells shape (Cazzaniga 

2006; Torres et al. 2011).   

 Several studies have pointed out that there is 

no reaction norm by which of these environmental 

cues induces could increase or decrease body size in 

cowries (Irie 2005). One should not discount the 

influence of environmental conditions in bringing 

about differences in shell shapes. It was reported that 

latitudinal difference in juvenile shell size can be 

explained by phenotypic plasticity based on 

environmental heterogeneity (Irie 2005). It is also 

plausible that a cue from predators affects callus 

thickness, because predation pressures vary at 

different latitudes (Irie 2005; Vermeij 1972).  
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This study highlights the use of GM and 

CORIANDIS in assessing morphological, size, and 

shape variations in Cypraeidae species. These 

variations result from the interaction between genetic 

architecture and the environment, indicating 

phenotypic diversity. Autoregulatory developmental 

processes may differ among species in buffering 

against environmental and genetic influences. Further 

exploration of variables like environmental 

heterogeneity and species distribution is needed. 

Understanding the genetic basis of phenotypic 

diversity is crucial. Consideration of juvenile size and 

shape as well as the genetic analysis can provide 

additional insights for systematic studies of 

Cypraeidae species. 

Geometric morphometric analysis revealed 

significant variations in gastropod shell morphology 

influenced by phenotypic plasticity and environment. 

Geometric morphometrics outperformed traditional 

measurements. Future research should explore genetic 

and environmental mechanisms, expand the analysis 

to more taxa, and integrate genomics for a 

comprehensive understanding of shell morphology 

and its evolutionary implications in response to 

environmental changes. 
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ABSTRACT 

 
A review of the state of the marine ecosystem and fisheries of Malampaya Sound, Palawan was 

undertaken. A total of 30 papers relevant to the topic were selected and reviewed. The results showed 

that the rich and diverse coastal waters of Malampaya Sound harbor 8 species of seagrasses, 9 species of 

mangroves, 262 species of fish, and various species of corals and macroinvertebrates including the rare 

giant clams Tridacna spp. The Sound plays a vital role in the local economy because the local community 

uses it for subsistence fishing and as a source of livelihood. It is so productive that it was termed the 

“fishbowl of the country” because it provides a substantial contribution to the country’s fishery sector 

and economy. However, degradation continuously threatens it, most of which are interrelated 

anthropogenic issues. The declining environmental condition of the area prompted the government to 

close it for commercial fishing in the 1970s. Several conservation measures have been undertaken since 

then to preserve its remaining resources, including its declaration as a protected landscape and seascape 

in 2000. Despite this, if not for a slight improvement, the condition has worsened. So far, only the 

mangrove ecosystem has dramatically improved. Seagrass and coral reefs are still in poor to fair condition. 

A collective effort by the community and government agencies, with the support of the academe and non-

government organizations, coupled with strict enforcement of existing laws, income diversification 

for the locals, monitoring of environmental parameters, and implementation of sustainable fishing 

practices, is necessary to achieve sustainable use of the area.  

 

Keywords: conservation, ecoregion, fishing ground, last frontier 

 

 
 

 

INTRODUCTION 

 

Malampaya Sound is part of the larger 

Malampaya Sound Protected Land and Seascape. It is 

located at 10.8464° N, 119.3654° E, on the 

northwestern side of Palawan Province, Philippines 

(Figure 1). This rich marine area covers 24,000 ha and 

includes 10 barangays from the municipalities of San 

Vicente and Taytay. It is a protected inlet consisting of 

complex sheltered bays, coves, and islands, with a 
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marine area of approximately 240 km2. It is an estuary 

system that receives water from 30 river systems. It is 

divided into two sections, the Inner and the Outer 

Sound, which are home to diverse ecosystems of 

seagrasses, mangroves, and corals (DENR 2001).    

During the 1960s, Malampaya Sound was a 

significant and thriving traditional fishing ground in 

the Philippines. Located at the northwestern tip of 

Palawan Island, on the western part of the archipelago, 

the Sound is a popular tourist destination for diving 

and Irrawaddy dolphin watching. At the same time, it 

serves as an area for subsistence fishing for local 

fisherfolk. It has a rich and diverse ecosystem and was 

considered a fishbowl in the 1970s. However, the 

increasing demand for marine fish food did not spare 

the Sound from overexploitation. Ecological stress is 

brought about by degrading human activities has 

caused damage to corals and other marine life 

(McNeely et al. 1990; Deocadez and Aliño 2005). This 

can permanently impact ecological timelines when 

combined with changing climate conditions due to 

rising atmospheric carbon dioxide (Bindoff et al. 2005; 

Doney et al. 2012; Doney et al. 2016). 

 

 
Figure 1. The Malampaya Sound Protected Landscape and 

Seascape, Taytay, Palawan is located in the northwestern 

sector of Palawan province, Philippines.  

 

 Fish stocks cannot sustain their population 

due to the compounding effects of natural and 

anthropogenic causes, resulting in the depletion of 

marine species (Pauly et al. 2002, 2005). The area was 

closed for commercial fishing activities in 1973 

because it was already heavily overfished (Ronquillo 

and Llana 1987). In 1986, stricter conservation 

measures were implemented, allowing only municipal 

fishing boats (3 GT or less) to use handline, spear, crab 

hook, cover pot, fish trap, fish pot, pole and line, gill 

net for fish, and shrimps, fish corral, and beach seine 

for fishing in the area. To further conserve the 

remaining marine resources, ensure continuity and 

sustainability of species, replenish fish stocks, and 

increase the biodiversity of flora and fauna in the area, 

it was declared a protected landscape and seascape in 

2000. 

 This paper does not generate new field data; 

instead, it uses existing literature to answer the 

research question, “What are the current ecological 

conditions and trends in Malampaya Sound?” This 

research question focuses on the environment and 

fisheries within the context of Malampaya Sound. It 

investigates the status of the ecosystem including 

aspects of biodiversity, and habitat health. Moreover, 

described the fishery resources and activities. The 

degrading ecological conditions of Malampaya Sound, 

mainly due to anthropogenic activities, lead to a 

decline in biodiversity and habitat quality. As a result, 

it negatively impacts the productivity and 

sustainability of its fishery resources by reducing fish 

stocks and altering species composition. In effect, it 

decreases economic opportunities for local fishing 

communities. The implementation of applicable 

conservation measures and restoration activities is 

vital to achieving ecological resilience and sustainable 

fisheries. 
 

 

THE REVIEW PROCESS 
 

This study describes the current conditions of 

major coastal ecosystems in Malampaya Sound, 

including seagrass, mangroves, and coral reefs. It also 

presents information on area utilization and fisheries. 

It also identified the factors affecting the area and 

ascertained the threats, problems, and resource issues. 

A review was undertaken on the state of the 

marine environment of Malampaya Sound, Palawan. 

A thorough search was done on Google Scholar for 

literature in April 2024. The probe revealed that there 

have been very few studies conducted on Malampaya 

Sound. From the year 2000, only an average of 2 

articles every year were published in scientific 

journals. These are mainly related to biodiversity, 

coastal resource management, geology, and 

aquaculture. Due to the scarcity of information from 

the published papers in journals, government reports, 

and other technical papers were also considered in the 

review.  

The initial output of the search revealed a 

total of 452 literature (Table 1). They were screened 

and selected based on their titles and the relevance to 

the study. A total of 30 papers relevant to the topic 

were selected for review. Data were gathered from 

each article, paper, or report and were categorized and 

grouped into seagrass, mangroves, coral reefs, and 

fisheries. 
 

 

CURRENT STATE OF MAJOR COASTAL 

ECOSYSTEMS  

 

The Sound has a diverse coastal environment 

with various ecosystems, such as seagrass meadows, 

mangrove forests, and coral reefs that are extremely 

rich in biodiversity and productivity.  
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Seagrass 

 Seagrass beds serve a variety of ecological 

functions. They cover sandy areas of the ocean floor 

and serve as nursery and breeding grounds for small 

fish and invertebrates, not just food and shelter. In 

Malampaya Sound, they cover an area of about 21 km2 

(PNSS 2004), mainly in Barangay Banban, Bucal, 

Liminangcong, San Jose, and Tumbod (PCSD 2006; 

dela Peña et al. 2015b) (Table 2). There are 13 species 

found in the Philippines, but only eight are thriving in 

the Sound. These species are: Enhalus acoroides 

Royle, 1839; Cymodocea rotundata Asch. and 

Schweinf.; Cymodocea serrulata Ascherson and 

Magnus, 1870; Halodule pinifolia Hartog; Halodule 

uninervis Ascherson; Halophila ovalis Hooker, 1858; 

Syringodium isoetifolium Dandy; and Thalassia 

hemprichii Ascherson, 1871. In 2004, a baseline 

survey found that the outside of the Sound had a 

percentage cover of these species ranging from very 

poor to poor (8 –30%). However, the monospecific 

stands of E. acoroides thickly cover the inner Sound 

(PCSD 2006; dela Peña et al. 2015b). 
 

Table 1. The search string used and the resulting literature reviewed. 

 

Search String 

(“Malampaya Sound” OR “Northwestern Palawan”) AND (“Coastal ecosystems” OR 

“Marine biodiversity” OR “Ecological status” OR “Fisheries” OR “Aquatic 

Biodiversity” OR “Biodiversity” OR “Habitat health” OR “Water quality” OR 

“Ecosystem degradation” OR “Sustainable fisheries” OR “Fish population dynamics” 

OR “Anthropogenic impacts” OR “Fishing communities” OR “Conservation 

measures” OR “Resource management” OR “Management strategies” OR “Marine 

protected areas” OR “Marine conservation” OR “Resource management” OR 

“Environmental monitoring” OR “Environmental impact”) 

Initial Search 452 

Titles that Qualified 46 

Papers Relevant to the Review 30 

 

 

Table 2. The seagrasses of the Malampaya Sound, Palawan, and the Philippines. Note: Asterisks indicate sources of the 

literature. 

 

Location Area Covered (km2) Number of Species 

Present 

Status Author 

Malampaya 

Sound 

21 * 8** 8-30% in Outer 

Malampaya Sound, 

100% in Inner 

Sound*** 

*PNSS 2004 

**PCSD 2006 

***CHE-UPLB 2015 

Palawan 187* (excluding 

Tubbataha Reefs and 

Spratlys) 

10**  *Fortes 2004 

**PCSD 2015 

 

Philippines 978 16  World Bank 2005 

 

 

Mangroves 

Another critical ecosystem found in 

Malampaya Sound is the mangroves. These plants 

serve various ecological and economic functions that 

line the intertidal zones of the area. It was estimated to 

cover an area of 2500 ha in 1985 (Figure 2). A decline 

occurred in 1998 when excessive harvesting for 

charcoal and housing materials reduced the cover by 

half (Pilien and Walpole 2003; dela Peña et al. 2015b). 

However, according to a recent report, the mangrove 

population has dramatically improved, covering 3342 

ha in 2017 (Table 3) (PSA 2020).  

Based on the study conducted in 2004, there 

are nine mangrove species commonly found in the 

Sound, namely: Rhizophora apiculata Blume, 

Rhizophora mucronata Poir, Xylocarpus granatum J.  

Koenig, Bruguiera cylindrica  Blume, Ceriops  tagal 

C.B.    Robinson,     Bruguiera    gymnorrhiza    Lam, 

 
 

Figure 2. Temporal changes of mangrove cover in 

Malampaya Sound, Palawan. 

 

Excoecaria agallocha L, Scyphiphora hydrophyllacea 

C.F.Gaertn, and Lumnitzera littorea Voigt (Table 4) 

(PCSD 2006). The percentage cover was assessed as 

“moderate” to “high” in several barangays, including 

Old and New Guinlo, Alacalian, Abongan, Banbanan, 



Vicente: The ecological status and fisheries of Malampaya Sound 

  
The Palawan Scientist, 16(2): 113-121 

© 2024, Western Philippines University 

 
116 

Liminangcong, and Pancol. All areas, except San Jose, 

were subjected to extensive mangrove-cutting 

activities. It has an average density of 525 trees per 

hectare. However, a recent study conducted by dela 

Peña et al. (2015b) found that only about 46% of the 

area is in a healthy condition, and only Banbanan has 

good mangrove forest cover. 

 

Table 3. Estimates of mangrove cover of the Malampaya Sound, Palawan, and the Philippines. Note: Asterisks indicate sources 

of the literature. 
 

Location 
Area Covered 

(hectares) 

Number of Species 

Present 
Author 

Malampaya Sound 3,342 * 9** 
*PSA 2020 

**PCSD 2006 

Palawan 59,421* 23** 
*FMB 2019 

**PCSD 2004 

Philippines 256,185* 65** 
*Long and Giri 2011 

**Garcia et al. 2013 
 

Table 4. Estimates of mangroves around Malampaya Sound (PCSD 2006). Ra = Rhizophora apiculata, Rm = Rhizophora 

mucronata, Xg = Xylocarpus granatum Campostenum, Bc = Bruguiera cylindrica, Ct = Ceriops tagal, Bg = Bruguiera 

gymnorrhiza, Ea = Excoecaria agallocha, Sh = Scyphiphora hydrophyllacea, Ll = Lumnitzera littorea. 

 

Barangay Trees ha.-1 Stand Volume    

(m3 ha-1) 

SV Class Species Present 

Old Guinlo 1037 361.44 High Ct, Bc 

New Guinlo 696 127.15 Moderate Ct, Ra, Rm 

Alacalian 702 367.8 High 

Ct, Ra, Rm, Xg, Bg, Bc, Ll, 

Sh 

Abongan 429 388.18 High Bs, Ra, Ct, Xg, Bg, Ea 

Banbanan 329 274.41 High Bg, Ra 

San Jose 116 120.59 

Logged-over to 

High 

Bg, Ra, Rm 

Liminangcong 322 278.38 Moderate to High Ct, Ra, Rm 

Pancol 566 184.56 Moderate to High Ct, Ra, Rm 

Mean 524.63 262.81 High  

 

Coral reefs 

Coral reefs are built by a hermatypic group of 

anthozoan corals belonging to the Order Scleractinia 

(Alcala 2001). They are important sources of food, 

valuable pharmaceuticals, and chemicals of 

importance to industry. They regulate global climate, 

serve as research and recreation areas, and help 

prevent land erosion. Unfortunately, the reefs that 

remain in excellent condition in the Philippines make 

up only 1.9% in the 1990s (Wilkinson 2000). In the 

Sound, the fringing reefs are found in the outer portion, 

in Barangays Liminangcong, Tumbod, San Jose, and 

Bambanan. There has been no published report on how 

many species of corals are present in the area; however, 

it was reported in 2004 that coral cover ranges from 30 

to 75% (CHE-UPLB 2015). A similar report was 

published by the PCSD (2004, 2006), accounting for 

the coral reefs from fair to good condition. However, 

the latest published surveys revealed that the condition 

in the Sound worsened from poor to fair (Matillano et 

al. 2014; dela Peña et al. 2015a), except in areas on the 

Outer Sound like Liminancong where corals remained 

in excellent condition (Matillano et al. 2014). 

 Associated reef fish are also found to be 

abundant in the Sound. There are 262 species of fish 

recorded (Balisco et al. 2014; Dolorosa and Matillano 

2014), of which 101 were target species, 97 were 

indicator species, and 64 were major species. 

Pomacentrids and chaetodontids mostly dominate the 

fish population. Comparatively, the Sound harbors 

more fish species than the reefs found in the adjacent 

Taytay, Turtle, Binunsalian, and Bacuit Bays. It is 

estimated that the reefs have a high productivity that 

can yield fish biomass of 59.94 t.km2. 

Macroinvertebrates also inhabit the area, 

with 10 species recorded, including the rare Tridacna 

spp. Bruguière, 1797, and Conus spp. Linnaeus, 1758 

(Dolorosa and Matillano 2014). Sightings of the 

destructive Acanthaster plancii Linnaeus, 1758, were 

also noted.  

Over the years, deterioration has been 

observed among the reefs around the Sound. This can 

mainly be attributed to siltation and destructive fishing 

practices such as dynamite and cyanide fishing (dela 

Peña et al. 2015b). The rampant use of inappropriate 

fishing gear, such as beach seine and Danish seine, 

makes recovery challenging as well. In 2015, the 

remaining corals were in either poor or fair condition 

(PCSD 2006; Matillano et al. 2014; dela Peña et al. 

2015b).  
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FISHERIES 

 

Malampaya is considered the “fishbowl” of 

the Philippines. It provided a substantial contribution 

to the fisheries sector before its closure in 1973. The 

Sound contributed 19% to the total national ‘municipal’ 

landings (Pido et al. 1996). It was also among the top 

ten producers of anchovies during this time (DA-

BFAR 1977). Experts estimated that the standing 

stock density and potential fisheries productivity of 

Malampaya Sound are 6.5–9.7 t.km-2 (Ronquillo and 

Llana 1987) and 2,750 mt annually (dela Peña et al. 

2015a). These values are three to six times higher than 

other fishing grounds like Manila Bay, Bacuit Bay, 

and Imuran Bay (Ronquillo and Llana 1987). The 

mean catch rate by trawl is 1073 kg hr-1, mostly 

demersal fish.  The major species caught are 

Sardinella spp., Indo-Pacific mackerel, Spanish 

mackerel, and anchovies (DA-BFAR 1977). These 

results were further verified by Estudillo et al. (1987) 

through the plankton study they did in the area. They 

further found out that the Sound harbors a significant 

population of ichthyoplankton, including fish eggs, 

which makes it a critical breeding and nursery area. 
A recent study revealed that there are 17–

23fishermen per km-2 that rely on fishing as a source 

of livelihood (dela Peña et al. 2015a, 2015b). They 

mainly use hook and line, bottom set gillnet, and drift 

net  (dela Peña et al. 2015b; Gonzales 2018), catching 

69 commercial species of fish, shrimp, and crabs 

(Gonzales et al. 2017) that can reach up to 100 kg trip- 1 

(Table 5). 

 

Table 5. Catch per unit effort using major fishing gears used in Malampaya Sound, Calamianes, and Apo Island, Philippines. 

 

Fishing Ground/ 

Type of Gear 

Year of  Study  Hook and line  Drift Net       Gill net          Author 

Malampaya Sound April to August 

2016 

0.84-2.2 kg hr-1 - 0.06-3.35 kg 

hr-1 

Gonzales 2013; 

Gonzales et al. 2017 

Malampaya Sound 2010-2012 10-100 kg trip-1 30-80 kg trip-1 10-40 kg trip-1 dela Peña et al. 2015a 

Calamianes Islands 2008 5.6-12.5 kg trip-1 21.5 kg trip-1 9.0 kg trip-1 Tupper et al. 2015 

Apo Island Marine 

Reserve 

1980-2001 1-2 kg hr-1 - - Maypa et al. 2002 

 

 

THE SOUND AT A GLANCE: THREATS, 

PROBLEMS AND RESOURCE ISSUES  

 

The deteriorating state of the environment, 

not just in Malampaya but throughout the country, 

highlights the need for the government to take 

measures to protect the remaining resources of the 

Sound. Natural causes and anthropogenic activities 

have already impacted the fragile state of the Sound. 

A series of conservation measures must be 

implemented to achieve this, such as the periodic 

closure of the area for commercial fishing and the use 

of selected fishing gear. 

Table 6 lists the issues and challenges faced 

by Malampaya Sound, as identified by various authors. 

It is worth noting that some problems arose as a result 

of the preceding issues. For example, the high demand 

for fish in the export market and the growing 

population led to the use of illegal and harmful fishing 

techniques, which caused habitat destruction and 

overfishing.  

Several issues contribute to the problem, 

some of which originate on land. Poor waste disposal 

and agricultural run-off are two examples of activities 

that add to the stress. The sedimentation rate, as 

measured by Sombrito et al. in 2004, ranges from 0.2 

to 4 cm per year. David et al. (2009) also found that 

the silt in the Sound is mainly siliciclastics, indicating 

a terrestrial-dominated source. They further 

emphasized that the slight increase in organic content 

in younger sediments reflects the rise in various 

anthropogenic inputs into the coastal region. 

Additionally, the high total coliform concentration in 

the Sound could be attributed to household waste/ 

sewage and/ or effluent run-off, making it unsuitable 

for recreational purposes. 

An indication of eutrophication is already 

visible in the area due to the frequent occurrence of 

algal blooms (Sellner et al. 2003). According to Borja 

et al. (2000) and Sombrito et al. (2004), the cysts of 

Pyrodinium are responsible for causing harmful algal 

blooms. Such events can result in massive fish kills 

and even mortality in humans due to the depletion of 

oxygen in the water and the toxins they release 

(McGowan, 2016). 

Anthropogenic activities reduce the ability of 

the Sound to recover from natural pressures like 

typhoons and diseases. This is evident in the current 

coverage of seagrass and coral, as described above. 

The declining fish catch and biodiversity in the area 

are causes for concern among the marginal fisherfolk. 

Immediate action is needed to address this issue and 

safeguard the livelihoods of the people who depend on 

fishing for their income and sustenance. Fishermen 

continue to experience a 60-80% reduction in catch 

(dela Peña et al. 2015b). As such, a comprehensive 

approach is recommended to address the identified 

threats and issues. 
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Table 6. Threats and problems observed in Malampaya Sound. 
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Terrestrial development        + 

Population increase        + 

Overexploitation     + +   

Resource conflict (use and access)   +    + + 

Habitat Destruction  +     +  

Pollution +   +   +  

Cyanide and dynamite fishing  +     +  

Illegal fishing +        

Organic matter and nutrient loading +   +     

Poor waste disposal and management      +   

High export of fish supply      +   

Climate change      +   

 

 

IMPLICATION AND SOLUTION TO THE 

CURRENT CONDITION 

 

It has been several decades since the 

government initiated the conservation of the 

remaining resources of the Sound. The decadal effort 

was already noticeable in the mangrove forests of the 

area. Figure 2 shows that it has already surpassed the 

initial coverage of the survey conducted in 1985. This 

suggests that environmental policies can coexist with 

rapid economic growth and competition for resources 

(Thomas and Belt, 1997). However, with the current 

global economic crisis and other internal problems that 

every nation is experiencing today, the delivery of 

services to the masses takes time. Given the limited 

capacities of the government to respond to the needs 

of the citizenry at the community level, non-

government organizations (NGOs) are seen  as vital 

links between the government and the people for the 

delivery of services (Balagot 1992). Involving and 

fostering partnerships with these stakeholders, 

including academic institutions and local communities, 

in conservation activities and decision-making, are 

encouraged to develop and implement a holistic 

fishery resource-based management approach.  

Community involvement and empowerment 

are highly recommended. Javan (1999) stated that it is 

one of the keys to achieving sustainable development 

objectives. Interventions must be designed to enhance 

development at the community level. Environmental 

information and awareness are advocated to increase 

community participation (Thomas and Belt 1997). 

Promoting environmental literacy and capacity-

building programs will empower local stakeholders to 

actively engage in conservation efforts that will further 

bolster long-term sustainability. 

Aside from all of this, strict enforcement of 

the existing laws is still one of the keys to saving the 

remaining resources of the Sound. Monitoring of 

environmental resources and water quality should be 

regularly done too. Moreover, more scientific studies 

must be done to understand the ecological processes in 

the area. Stock assessments must be conducted, and 

the extent of exploitation must be determined to 

provide information for evaluating species 

vulnerability and devising management options suited 

for the area. Encouraging sustainable fishing practices, 

such as setting up catch restrictions, size limits, and 

closed seasons for fish species would be pivotal in 

mitigating overexploitation of fish stocks and 

safeguarding critical habitats. Moreover, exploring 

eco-tourism initiatives could provide alternative 

income sources for local communities while 

heightening awareness about the significance of 

conserving Malampaya Sound's ecosystems.  

 

 

CONCLUSION  

 

 The Malampaya Sound boasts a rich and 

diverse ecosystem. It used to be the “fishbowl” of the 

Philippines during the 1970s. Its rich environment 

supports fisheries which is important in the livelihoods 

of the inhabitants. However, it is threatened by 
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destruction due to human-made disturbances such as 

poor waste disposal, high sedimentation rate, high 

Coliform concentration, terrestrial development, 

habitat destruction, pollution, illegal fishing, and 

overexploitation. While protective measures have 

been in place since the 1970s, more work is needed to 

achieve sustainable use of the area. The seagrass and 

coral cover in the area is still in poor to fair condition, 

indicating the need for urgent action to protect them. 

The mangrove population is the only one that has 

significantly improved. The preservation of 

Malampaya Sound, a vital natural resource, is only 

achievable through the collaboration and cooperation 

of the academic community, government agencies, 

non-government organizations, and the local 

community. The protection of this ecosystem requires 

a joint effort from all stakeholders to ensure a 

sustainable future for the Sound and the surrounding 

environment. Community involvement and 

empowerment, income diversification of the locals, 

strict enforcement of existing laws, monitoring of 

environmental parameters, and implementation of 

sustainable fishing practices will ensure long-term 

sustainability of marine resources.  
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bottom center of the page. Line numbers should be continuous (do not restart at each page). 

b. The manuscript should be free from plagiarism; well written in American English; spelling and grammar are checked; 

and have been proofread by English Critic or a language editing software is used. 

c. The author should refrain and/or are discouraged in citing publications from suspected predatory journals. 

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://mjl.clarivate.com/search-results?issn=2467-5903&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-link&utm_campaign=search-results-share-this-journal
https://asean-cites.org/aci_search/journal.html?b3BlbkpvdXJuYWwmaWQ9MTA2MjQ
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http://agpci.dlsu.edu.ph/
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mailto:palawanscientist@gmail.com
http://www.palawanscientist.org/tps/submit-manuscript/
http://www.palawanscientist.org/tps/template/
https://docs.google.com/document/d/1ikU4-EGf5qT1AflY0FTo8cwBsK7Xb8uY/edit?usp=sharing&ouid=108192238430460685539&rtpof=true&sd=true
https://docs.google.com/document/d/15nIJ1m_g18kxhT47zlKjLETAbhMWsaYY/edit?usp=sharing&ouid=108192238430460685539&rtpof=true&sd=true
https://docs.google.com/document/d/1Y9ucJQaSDQtP1hmNrUeQSK-PDVbCw1Fs/edit?usp=share_link&ouid=108192238430460685539&rtpof=true&sd=true
http://www.palawanscientist.org/tps/wp-content/uploads/2022/11/Checklist-for-Authors-Version-2022.11.pdf
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2. Title Page 

a. The title page should contain the following: title of the article, running title, author(s), affiliation(s), name and complete 

contact details (mailing address and e-mail address) of the person to whom correspondence should be sent. 

b. A superscript in Arabic numbers should be placed after the author’s name as reference to their affiliations. The title of 

the paper should be above-centered, bold and written in a sentence form. 

c.  Capitalize only the first word of the title and proper nouns if there are. Scientific name(s) when included in the title 

should be accompanied by taxonomic authority. 

 

3. Abstract 

a. Abstract page should not be more than 250 words. The abstract should contain facts and conclusions, rather than citation 

of the areas and subjects that have been treated or discussed. 

b. It may start with the hypothesis or a statement of the problem to be solved, followed by a description of the method or 

technique utilized to solve the problem. 

c. It should end with a summary of the results and their implications.  

d. Keywords – maximum of six alphabetically arranged words not mentioned in the title, lower-cased, except for proper 

nouns. 

 

4. Introduction 

a. Provide sufficient information of the introduction/background of the study and critique of pertinent literature or current 

level of knowledge without subheadings, figures, and tables to give the readers clear understanding of the purpose and 

significance of the study. 

 

5. Methods 

a. Provide all information of the population/samples of the study, study sites, research design, sampling procedure, data 

collection technique and data analysis which includes subheadings to distinguish the different methods (for each 

objective and other relevant subtopics). 

b. Authors should clearly state all statistical tests, parameters and replications. 

c. Equation should be inserted using the Equation Editor in the journal's suggested font type. 

d. Authors should provide only the brand/model and country of all chemical/equipment used. 

 

6. Results 

a. Authors should present the result section by stating the findings of the research without bias and interpretation arranged 

in accordance with and to the order of objectives which are indicated by subheadings. Texts should not excessively 

repeat the contents of the tables and figures. 

 

7. Discussion 

a.  Provide comprehensive interpretation and significance in accordance with the results in light of what is already known 

about the problem investigated, explained new knowledge or insights (conclusion and recommendation) that emerged in 

the results section. 

b. Tables and figures may be used to compare the results of the study with those of authors/studies. 

 

8. Acknowledgments  

a. Indicate the source of financial support, individuals who assisted in the conduct of research and anonymous reviewers. 

 

9.  References 

a. References to the literature citations in the text should be by author and year; if there are two authors, both should be 

mentioned; with three or more authors, only the first author’s family name plus “et al.” need to be given.  

References in the text should be cited as: 

▪ Single author: (Frietag 2005) or Frietag (2005) 

▪ Two authors: (De Guzman and Creencia 2014) or De Guzman and Creencia (2014) 

▪ More than two authors: (Sebido et al. 2004) or Sebido et al. (2004). 

b. Use a semicolon followed by a single space when citing more than two authors. Arrange by date of publication with the 

latest being the last in the list (example: Sebido et al. 2004; Frietag 2005; De Guzman and Creencia 2014). 

c. Use a comma followed by a single space to separate citations of different references authored by the same author 

(example: Jontila 2005, 2010). If the same author and year are cited, use a “letter” to distinguish one paper over the 

other (example: Creencia 2010a, b).  

d. Alphabetize authors with the same year of publications. Use semicolons to separate each publication (example: Balisco 

and Babaran 2014; Gonzales 2014; Smith 2014). 

e. Write journal’s name in full (examples: The Palawan Scientist, not Palawan Sci; Reviews in Fisheries Science, not Rev. 

Fish. Sci.). 

f. For articles with more than 10 authors, list only the first 10 authors followed by et. al. 
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g. The list of citations at the References section of the paper should include only the works mentioned in the text and 

should be arranged in alphabetical and chronological manner. If a referencing software was used, the following fields 

should be removed before submitting the manuscript. 

h. Citing journal articles– name(s) and initial(s) of author(s), year, full title of research article (in sentence form), name of 

the journal (not abbreviated), volume number, issue number (if given), range of page numbers, DOI number (if available) 

and/or web link: 

Dolorosa RG, Grant A and Gill JA. 2013. Translocation of wild Trochus niloticus: prospects for enhancing depleted 

Philippine reefs. Reviews in Fisheries Science, 21(3-4): 403-413. 

https://doi.org/10.1080/10641262.2013.800773    

Ardines RB, Mecha NJMF and Dolorosa RG. 2020. Commonly gleaned macro-benthic invertebrates in a small offshore 

island of Cawili, Cagayancillo, Palawan, Philippines, The Palawan Scientist, 12: 102-125. 

i. Citing of books – name(s) of author(s), year of publication, full title of the book (capitalize each main word), publisher, 

place of publication and total number of pages. 

Gonzales BJ. 2013. Field Guide to Coastal Fishes of Palawan. Coral Triangle Initiative on Corals, Fisheries and Food 

Security, Quezon City, Philippines. 208pp. 

j. Citing a chapter in a book – name(s) of author(s), year, full title of the chapter in a book (capitalize each main word), 

last name of editor and title of book, edition, publisher, place of publication and page range of that chapter: 

Poutiers JM. 1998. Gastropods. In: Carpenter KE and Niem VH (eds). FAO Species Identification Guide for Fishery 

Purposes. The Living Marine Resources of the Western Central Pacific Seaweeds, Corals, Bivalves and 

Gastropods. Food and Agriculture Organization, Rome, Italy, pp. 364-686. 

k.  Citing a Webpage – names of the author (s), year, title of the article, webpage address and date accessed. 

Froese R and Pauly D (eds). 2022. FishBase. www.fishbase.org. Accessed on 07 March 2022. 

CITES (Convention on International Trade of Endangered Species). 2014. The CITES Appendices. Convention on 

International Trade in Endangered Species of Wild Flora and Fauna. www.cites.org. Accessed on 07 March 

2022. 

l. Citing a thesis or dissertation – author’s family name, initial names of the author, year, title of the thesis, degree, name 

of institution, address of the institution, total number of pages (pp). 

Guion SL. 2006. Captive breeding performance of Crocodylus porosus (Schneider 1901) breeders at the Palawan 

Wildlife Rescue and Conservation Center. BS in Fisheries. Western Philippines University-Puerto Princesa 

Campus, Palawan, Philippines. 28pp. (include weblink, if there’s any, followed by accessed date). 

Lerom RR. 2008. Biosystematics study of Palawan landraces of rice (Oryza sativa L.). Doctor of Philosophy, Institute 

of Biological Sciences, University of the Philippines-Los Baños College, Laguna, Philippines. 197pp. (include 

weblink, if there’s any, followed by accessed date). 

m. Citing a Report 

Picardal RM and Dolorosa RG. 2014. Gastropods and bivalves of Tubbataha Reefs Natural Park, Cagayancillo, Palawan, 

Philippines. Tubbataha Management Office and Western Philippines University. 25pp. (include weblink, if 

there’s any, followed by accessed date). 

n. In Press articles when cited must include the name of the journal that has accepted the paper. 

Alcantara LB and Noro T. In press. Growth of the abalone Haliotis diversicolor (Reeve) fed with macroalgae in floating 

net cage and plastic tank. Aquaculture Research. 

o. Citing an article from an online newspaper.  

Fabro KA. 2021. Surge in seizures of giant clam shells has Philippine conservationists wary. Mongabay. 

https://news.mongabay.com/2021/03/surge-in-seizures-of-giant-clam-shells-has-philippine-conservationists-

wary/. Accessed on 07 March 2022. 

 

10. Figures and Tables 

a.  Figures and tables should be numbered (Arabic numerals) chronologically. Stand-alone captions for figures and tables 

should be sentence-cased, double spaced, and have justified margins; the first line is not indented and placed 

immediately after the paragraph where it is first mentioned.  The use of text boxes for figure and table captions are not 

allowed. 

b. References to the tables and figures in the text should be cited as: Table 1; Figure 1; Tables 1 and 2; Figures 1 and 2; 

Table 1A; Figure 1B; (not Table 1a or Figure 1b) consistent to the label in the Tables and Figures. 

c.  Photos, maps, drawings, charts, and graphs should be treated as Figures and have at least 300 dpi, are included in the 

manuscript using the “Inset Pictures” tool of the MS Word. Note: A separate file of each photo should be available upon 

request. 

d. Graphs must have white background free from major grid lines (of y-axis); the x and y axes are labeled and legend is 

provided.  

e. Illustration should be original line drawings of good quality and should not exceed A4 size paper. Inscriptions should 

be readable even if the drawing is reduced by 75%. Drawings should be scanned and saved in TIF or PDF format before 

embedding on the manuscript. Separate files of the photos/illustrations may be requested upon the acceptance of the 

manuscript. 

f. All photos used in the paper must have been taken by the author(s), if possible. Photos taken from other 

researchers/individuals/organizations must be duly acknowledged in the paper. The use of photos downloaded from the 

web/internet is strictly forbidden unless a written permission from the copyright holder (of that photo) is presented. 
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g.  All rows, columns and edges of the table should be bordered by lines. 

 

 

11. Scientific, English and Local Names 

a.  All organisms must be identified by their English, scientific names and local names if possible. 

b. Scientific names and taxonomy authority must be cited for all organisms at first mention (e.g., Stiphodon palawanensis 

Maeda & Palla, 2015). Subsequently, only the initial of the genus should be written except when starting a sentence 

with a scientific name. All scientific names should be italicized. Example: Epinephelus fuscoguttatus; Anadara sp. 

Musa spp. Do not italicize the higher levels of taxonomic classification (example: family Echinometridae). 

c. Local names should be in double quotes (example: locally called “saging” not ‘saging’; “palay” not ‘palay’). 

d. Research articles dealing on species list should provide the authorities for each species (example: Conus magus 

Linnaeus, 1758; Enosteoides philippinensis Dolorosa & Werding, 2014).  

 

12. Punctuations, Equations, Symbols and Unit of measures 

a.  Unfamiliar terms, abbreviations, and symbols must be defined/spelled out at first mention even in the abstract. Acronym 

should only be spelled-out as it is introduced in the text, it should be written in acronym in succeeding parts of the paper. 

b. Mathematical equations should be clearly presented so that they can be interpreted properly. Equations must be 

numbered sequentially in Arabic numerals in parentheses on the right-hand side of the equations. 

c. In International System of Units of measurements must be used but separated from the value and the unit of measure 

(e.g. 5 mm, 25 g, 30 m3, 100 μm, 9 ind ha-1, 10 sacks ha-1, 2 kg h-1, 2 kg h-1 day-1) and probability (P) is in upper cased 

and italicized (e.g. P > 0.05; P < 0.05; P = 0.01). To fix a single space between the value and its unit of measure, use 

the MS word command “CTR+SHIFT+SPACE BAR” to provide a space between the value and its unit of measure. 

d. There is a single space between numbers and the following mathematical signs: ±, =, ×, -, +, ÷, (e.g. 92 ± 0.092; 5 × 6). 

e. Numbers less than 10 should be spelled out (for example: eight trees, 10 fish) except when followed by a unit of measure 

(for example: 9 cm, not nine cm). Number mentioned at the start of the statement should be spelled-out (e.g. Nine 

fishermen not 9 fishermen or Six degrees Celsius not 6˚C). 

f. The symbol for Degree (˚) should be inserted using the insert symbol option and not zero (0) or alphabet (o) superscript. 

g.  Do not separate a percent sign and degree of temperature with the number (example: 5% and 8˚C). 

h. Write dates in this manner: day-month-year (example: 20 October 2012 or 20 Oct 2012). 

i. Use a 24-h system for time (example: 1300 instead of 1:00 pm). To express a measured length of time, abbreviations 

for hour (h), minutes (min) and seconds (sec) should be used (example: 2 h and 30 min; or 2.5 h). 

j. Include apostrophes in years (example: 2014’s). 

k. No periods in acronyms (example: UNESCO not U.N.E.S.C.O.; CITES not (C.I.T.E.S.) 

l. Use a single capital letter when writing latitude and longitude (example: 9°44’27.80”N and 118°41’2.01”E). Compass 

points (north, south, east, west) and their derivations (northern, southern, eastern, western) are lowercase (example: 

north of Palawan) except when they form part of the place name (example: South Cotabato; Eastern Samar).  

 

 

POLICIES 

 

Plagiarism 

Plagiarism is copying the author’s (self-plagiarism) or someone else’s ideas, works, and words without proper 

acknowledgement, credit or permission of the original author and source. The Palawan Scientist uses a plagiarism checker to 

identify the originality of the submitted manuscript. Authors should strictly refrain from plagiarism and follow the ethical 

standard of the research community. 

 

All manuscripts submitted to The Palawan Scientist shall undergo plagiarism check, if plagiarism is detected, authors will be 

advised to rewrite/rephrase the plagiarized portion before the publication process begins.  

 

Data fabrication and falsification 

Fabrication concerns on making up research findings, while falsification is manipulating reports of scientific research results 

or data with an intention of giving false information about the status of submitted articles. Authors caught reporting any 

scientific research misconduct will no longer be allowed to submit their manuscript in the journal, and published articles which 

were later discovered to have such concern may be retracted upon the recommendation of the Technical Advisers. 

 

Ethical consideration 

Studies involving human subjects must have followed the institutional and national guidelines set by the ethics board. A 

consent statement form is secured for studies involving minors or children below 18 years old. Moreover, names and other 

information of the subjects must be kept confidential and will be excluded from the manuscript. Other relevant documents 

should be ready upon the request of The Palawan Scientist.  Additionally, research studies involving the use of animals must 

have also followed all institutional and national ethical guidelines for the care and use of test/experimental animals. 
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Disclaimer 

The Editorial Board of The Palawan Scientist does not provide warranties as to the completeness and veracity of the content. 

Moreover, the opinion and ideas expressed in this publication are by the authors and not necessarily of the publisher. The 

Western Philippines University cannot accept any legal responsibility or liability arising from plagiarism and other errors. 

 

Retractions 

In some cases, the paper published in The Palawan Scientist may be retracted due to scientific fraud, such as unethical 

authorship, repeated submissions, false claims of authorship, unethical use of data, or plagiarism. Before a paper may be 

retracted, the complainant or the author must send a signed communication to the Editor-In-Chief (EIC). The editor reserves 

the right to retract the article as maybe suggested by the Technical Advisers. 

 

Corrections/Errata 

Authors are obliged to report errors in their articles that are relevant to the accuracy of published data. The journal shall carry 

out an investigation, and if, after the investigation, the concern is valid, the author shall be contacted through their email and 

given the opportunity to address the issue. Corrections and addendum will be included in the “Errata” section of the journal’s 

succeeding issue. 

 

Removal 

The manuscript may remove from the journal’s website when The Palawan Scientist has been informed that the content brings 

defamatory or infringes other’s legal rights or is otherwise unlawful, if acted upon, the content would pose immediate and 

serious health risk. In this case, the whole text will be placed with a statement explaining that it’s been removed due to legal 

reasons. 

 

Withdrawal 

It is strongly discouraged to withdraw a manuscript after submission to The Palawan Scientist especially when it has undergone 

peer-review process. However, a valid reason for withdrawal may be acknowledged by the EIC if all authors signed a letter 

request clearly stating the purpose of manuscript withdrawal. 

 

Data and Reproducibility 

To fully assess the process of a research article, all data related to the submitted articles in The Palawan Scientist should be 

available for future use. Authors are encouraged to deposit detailed descriptions of their method used in the study to any 

repositories. However, the authors may provide supporting information to display all necessary data when uploading data to 

repositories is not possible. 

 

Complaints, Appeals, and Allegations 

Any complaints, appeals, and allegations of scientific research misconduct shall be sent to the EIC to explain their concern. 

The identity of the complainants shall not be disclosed. Parties involved shall be contacted for further inquisition. 

 

Authorship and Contributorship 

For articles with two or more authors, it is required to indicate the contributions of each author which may include but not 

limited to the following: conceptualization, fund sourcing, conduct of experiment, data collection, data analysis, manuscript 

writing. Any change (deletion or addition) to authorship should be made before the publication of the article. To request such 

change, the corresponding author must have received permission from all co-authors before emailing the editor citing the 

reasons for changes. A confirmation from the added or deleted authors must be also received by the editor. 

 

Conflicting Interest 

Authors must declare any conflicting interest. If any conflicting interest is present, it must be briefly stated. If there’s none, 

the statement “The authors declare that there is no conflicts of interests to any authors”. 

 

Copyright Transfer Agreement 

All authors are required to provide consent to the terms mentioned in The Palawan Scientist Copyright Transfer Agreement. 

The agreement shall be accomplished electronically and must be submitted together with the manuscript. The Copyright 

Transfer Agreement can be downloaded here. 

 

Open Access Agreement 

All authors are required to provide consent to the terms mentioned in The Palawan Scientist Open Access Agreement. The 

agreement shall be accomplished electronically and must be submitted together with the manuscript. The Copyright Transfer 

Agreement can be downloaded here. 

 

Repository Policy 

The Palawan Scientist allows authors to deposit different versions of their articles in an institutional or other repository of their 

choice, including submitted, accepted, and published versions without any embargo. 

 

 

https://docs.google.com/document/d/15nIJ1m_g18kxhT47zlKjLETAbhMWsaYY/edit?usp=sharing&ouid=108192238430460685539&rtpof=true&sd=true
https://docs.google.com/document/d/1Y9ucJQaSDQtP1hmNrUeQSK-PDVbCw1Fs/edit?usp=share_link&ouid=108192238430460685539&rtpof=true&sd=true
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Transparency 

The Palawan Scientist journal adheres to the COPE’s Principles of Transparency and Best Practice in Scholarly Publishing, 

and we urge our editors and submitting authors to adhere to these standards as well. 
 

Funding Source 

The operation of The Palawan Scientist is fully funded by the Research, Development and Extension Office of the Western 

Philippines University, San Juan, Aborlan, Palawan, 5302 Philippines; Email: pres.office@wpu.edu.ph. 

 

CODE OF ETHICS 
 

The Palawan Scientist Journal adheres to the highest ethical standard of publication. 
 

Code of Ethics for Authors 

1. The manuscript shall contain the author’s original and unpublished work, and which is explicitly not simultaneously 

considered for publication in other journals. 

2. The Guide for Authors should be strictly followed and complied with. 

3. The manuscript shall be free from plagiarism and falsification, well-written in American English, spelled and grammar 

checked using language editing software and/or underwent proofreading by an English critic. The works of other authors 

have been properly and fully cited. 

4. The author shall nominate or suggest at least three competent reviewers who are experts in the field and who have not 

actually participated in the research work submitted for consideration. However, the editor reserves the right to invite 

reviewers not among those suggested in the interest of the most critical and fair assessment of the submitted manuscript. 

5. Each author must have a substantial contribution in the conduct of the study and/or writing of the manuscript and such 

contributions must be stated and enumerated unequivocally. All others may be listed in the Acknowledgment section of 

the manuscript. 

6. The journal editors shall establish communications only with the corresponding author in the case of multiple-authored 

submissions, who shall keep all co-authors updated about the progress of the review process and its outcome. 

7. The corresponding author shall comply with deadlines set for revising their manuscripts and other tasks. 

8. It is the responsibility of the authors to comply with all applicable ethical standards in the conduct of the study and to 

reflect such compliance in the submitted work. 

9. The corresponding author should contact the editor promptly to retract/correct the published paper when serious errors 

and/or grave ethical violations are detected by a third party. 

 

Code of Ethics for Reviewers 

1. Reviewers should agree to review manuscripts only for those they have the subject expertise. 

2. Reviewers immediately identify any conflicts of interest (resulting in financial, personal, intellectual, professional, 

political, or religious), if any, and subsequently decline the review request. 

3. Reviewers should ensure performing a requested review within the time-frame set by the editors and decline the 

invitation if such time-frame cannot be complied with. 

4. The journal employs a double-blind review system so that any untoward biases may be avoided. 

5. Reviewers are expected to be totally objective, impartial and constructive with their review to ensure the best possible 

outcome in showcasing the research as a worthy contribution to the scientific literature. 

6. All information should be treated by reviewers with utmost respect and strictest confidentiality and should never be used 

for purposes other than for critical evaluation for scientific merit and technical impact. 

7. Reviewers should follow the TPS guidelines on peer review and other established ethical and reviewing protocols. 

 

Code of Ethics for Editors 

1. Editors should be responsible for anything distributed in their journals. 

2. Editors should make choices to acknowledge or dismiss articles based on their academic or journalistic merit, counting 

their significance, creativity, clarity, and pertinence to the journal’s mission and area. 

3. Editors should accept original articles from all authors and should at all times keep up objectivity and maintain balance 

in reviewing all articles, acting without predisposition of bias or favoritism based on the origin of a paper; an author’s 

sexuality, race, nationality, ethnicity, affiliation or political convictions, age; or commercial rumination. 

4. Editors should give direction to reviewers on everything expected of them, including the confidentiality in handling 

submitted material, disclosing conflict of interest before the review, and ensuring that the reviewers’ identities are 

protected. 

5. Editors should take steps to guarantee the timely evaluation of all articles and answer promptly the author’s queries 

regarding the status of their papers. 

6. Editors should explain to authors the decision made on their articles through a letter with the reviewer’s comments and 

suggestions. 

7. Editors should adhere and conform to the editorial policies, regulatory guidelines, and higher ethical standards of 

publication. 

8. Editors should not expose the identity of authors, reviewers and keep the privacy of unpublished articles. 

9. Editors should protect the decency of the journal from suspected and alleged misconduct in the research and publication 

process. They should instigate proper and reasonable investigation to fairly resolve any issues. 
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PUBLICATION PROCESS 

 

Received papers will be properly acknowledged and will undergo screening process using the Guide for Author’s Checklist 

and anti-plagiarism tool. It will be immediately sent off for review if it satisfies the preliminary evaluation. If it does not, it 

will be sent back to the corresponding author for revision. 

 

 

 

Peer-review Process 

 

All submitted manuscripts shall undergo a double-blind review process before publication. The double-blind review process 

ensures that information about the authors and reviewers shall remain anonymous to provide objective judgment of the paper. 

The manuscript sent for external review should not contain the authors’ name, affiliation, and acknowledgment section. At 

least two reviewers shall evaluate the manuscript and suggest whether it shall be accepted, revised, or rejected. Manuscripts 

returned to authors for revision or correction must be resubmitted within the given deadline. The resubmission could be 

extended upon request to the editor. 

 

 

 

 
 

http://www.palawanscientist.org/tps/wp-content/uploads/2022/04/Publication-Process.png


 

 
 

 
 

 

 
 


