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Abstract 

 
       The effect of frying temperature and time on the characteristics of vacuum fried pineapple cores 
was studied. The finding demonstrated that the severe frying conditions had a significant (p≤0.05) 
impact on moisture content, oil uptake, color, texture, expansion, microstructure and sensorial 
evaluation. A rise in frying temperature and time was inversely linked with the moisture content (10.76 
to 3.17%) and hardness value (341.28 to 72. 09 g). Whereas, it positively affected on a significant 
increase in oil absorption (15.00 to 19.97%), expansion (20.23 to 50%), color, pore structure and overall 
acceptability. The optimal conditions for vacuum frying pineapple cores to obtain the greatest texture 
and golden yellow color, and achieve the best score (5.13 to 6.20 out of 7) in all sensory aspects, was 
80°C frying for 90 minutes. It could be a potentially alternative to create snacks not only helps reduce 
food waste but also contributes to sustainable efforts, aligning well with the Sustainable Development 
Goals (SDGs). 
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       The pineapple (Ananus comosus), one of 
the world's most important agricultural fruits, is 
produced in more than 10 million metric tons 
globally [1]. It is a rich source of phenolic 
bioactive compounds, dietary fiber and 
essential minerals like manganese and copper. 
The presence of phenolics in pineapple 
contributes to its potent antioxidant activity, 
which is vital for combating oxidative stress 
and reducing the risk of chronic diseases. 
Additionally, the high fiber content and 
bromelain in pineapple promote digestive 
health by supporting regularity and aiding in 
nutrient absorption. Therefore, the 
consumption of pineapple has health benefits, 
namely on the digestive system and helps to 
maintain a balanced diet [2-3]. Generally, 
during the pineapple processing, approximately 
50% (w/w) of the total pineapple weight was 
co-products (29–40% shell, 9–10% core, 2–6% 
stem, and 2–4% crown) [4-5]. As the matter of 

facts, there are a variety of nutritional values, 
including dietary fiber, vitamins, minerals, 
phenolic compounds and other bioactive 
compounds are presented in the co-products 
[2]. It, therefore, has the potential to be 
transformed into value-added products. 
Utilizing agro-industrial co-products from 
pineapple processing not only helps to 
diminishing waste but also creates 
opportunities for producing value-added 
products. 
       Drying and dehydration are well-known 
techniques for removing moisture and 
enhancing the shelf life of the agricultural 
product, particularly perishable fruit and 
vegetables [6]. Among them, the frying process 
is a potential alternative strategy to decrease 
water and extend shelf life of the final products. 
In particular, deep fat frying is a common 
method that not only preserves but also adds 
value to fruits and vegetables. Even though a 
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deep fat frying is very popular method but it is 
applied to a small number of materials such as 
potato and banana. This might be due to its high 
temperatures can degrade nutrients and lead to 
excessive oil absorption [7]. One of the newest 
possible ways to process fruit and vegetables 
with less oil consumption while maintaining 
desired texture and flavor characteristics is 
vacuum frying.  
       Vacuum frying occurs under low pressure, 
while deep- or shallow-frying is done under the 
atmosphere pressure. So, it is processed at a 
lower temperature than deep- or shallow-
frying. Water then is removed at a lower boiling 
degree, and product quality is superior in terms 
of oil content, texture and nutrient retention [8]. 
Vacuum frying presents promising benefits, 
such as producing healthier fried foods with 
lower oil content and better retention of 
nutrients and flavors compared to conventional 
frying methods. It's worth nothing that the 
technique may require specialized equipment 
and careful process control to achieve optimal 
results [9]. However, as consumer demand for 
healthier food options, vacuum frying holds 
significant potential for the food industry as a 
method to produce nutritious and flavorful fried 
products. Numerous studies have examined the 
impact of vacuum frying on a variety of foods, 
including shitake mushrooms, papaya, bananas, 
sweet potatoes, cassava and pineapple chips [6, 
10–15]. Additionally, they determined the 
structure of final products on the outside and 
inside, texture, water and oil content by varying 
vacuum frying condition. However, none has 
investigated how vacuum frying impacts the 
quality of high fiber fruit and co-product from 
the industrial segment such as the core of 
pineapple. Therefore, the purpose of this study 
was to investigate the effects of frying 
conditions, particularly temperature and time, 
on the quality of pineapple cores. Pineapple 
cores are often discarded as waste in food 
processing, so finding ways to utilize them 
effectively well with the principles of the bio-
circular-green (BCG) economy model. This 
approach emphasizes sustainability by 
integrating scientific innovation and 
technology to create value from biological 
resources, strengthening Thai BCG industries 
while minimizing environmental impact [16].  
 
 
 

2. Materials and methods 

2.1. Material 
       The pineapple (Ananas comosus) was 
cultivated and obtained from The Farm 
Marketing state-owned enterprise (Ratchaburi, 
Thailand).  It was selected at the ripening stage 
of 20-30% with a soluble solids concentration 
of 13-14 oBrix. The pineapple cores, a leftover 
or co-product from pineapple juice processing, 
were sliced in the longitudinal direction at 
1×5×0.1 cm and kept in the refrigerator at 4oC 
until further processing. 
        Frozen pineapple juices were obtained 
from The Farm Marketing state-owned 
enterprise (Ratchaburi, Thailand). The total 
soluble solid of frozen pineapple juice was 
controlled at 30±2 °Brix. 
 
2.2. Pineapple core preparation   
 
      Pineapple cores were immersed at a ratio of 
1:1 in 30 oBrix pineapple juices at the 
temperature 20±3oC until the soluble solid in 
the sample reached 20±1°Brix.  Then the 
pretreated pineapple cores were drained and 
frozen at -25 oC for three hours (March cool, 
2 0 0 9  model, Thailand). After being frozen, 
from the preliminary studied, the pineapple 
cored were vacuum fried at the selected 
temperatures of 70,75 and 80oC (700 mmHg) 
for the selected time of 50, 60, 70, 80 and 90 
min.  Extreme conditions of temperature and 
time gave a rejection from the sensory aspects 
(data not shown). Each batch of frozen 
pineapple cores, 700-800g of samples, was 
afterward fried in 20 liters of palm oil. After 
frying, the products were centrifuged for 20 min 
at 900 rpm to get rid of surplus oil and lower the 
oil content. The moisture and oil content were 
measured at each temperature for each time in 
triplicate according to AOAC [17]. 
 
2.3 Texture analysis  
 
      The texture of vacuum fried pineapple cores 
was analyzed using a Texture analyzer (TA. XT 
plus, UK).  The sample was placed on a hollow 
planar base. A spherical probe of P0.5 was set 
to a test speed of 10 mm/s at a distance of 5mm 
or until the sample cracked. The maximum 
force from the force deformation curve of each 
sample was considered as hardness (g) [12]. 
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2.4 Expansion measurement 
 
      The fresh and vacuum samples were 
measured the thickness by the Vernier caliper 
(0.05 mm precision). The percentage of 
expansion was described by Yamsaengsung et 
al [10] as follows  

           % 𝑒𝑥𝑝𝑎𝑛𝑠𝑖𝑜𝑛 = 100 ×  
஽ି஽଴

஽଴
 

           Do is the original thickness of fresh 
samples 
           D is the end of each thickness of the 
vacuum fried sample  
 
2.5 Color measurement 
 
       The color analysis was carried out with a 
colorimeter chroma meter (Minolta CR310, 
Japan) using the CIE standard (L*, a*, b*). The 
CIE values of L* represent the range of dark to 
light color, a* represent the range of green to 
red color, and b* represent the range of blue to 
yellow color [18]. 
 
2.6 Microstructure  
 
      The oil content in products prepared in 
section 2.2 was eliminated by the Soxhlet 
extraction method [15]. The deoil dried samples 
were cut and mounted on an aluminum stub, 
and then coated with gold. The microstructure 
of the samples was examined using a scanning 
electron microscope (SEM) (Tescan Mira3, 
Czech Republic) at a 100x magnification and 
15kV accelerated voltage [19]. 
 
2.7 Sensorial evaluation  
 
      The sensory evaluation for consumer 
acceptance testing was performed by 30 
untrained panelists, aged between 20-45 year 
old.  All panelists were familiar with this kind 
of pineapple without allergies. The 7-point 
hedonic scale questionnaire (1 = dislike 
extremely, 7 = like extremely) was used to 
evaluate the test of the vacuum fried samples. 
Test attributes were appearance, color, 
crispiness, flavor and overall acceptance of the 
product. The appearance of the final products is 
shown in Figure 1. 
 
 
2.8 Dietary fiber, total starch and resistant 
starch measurement 

 Dietary fiber was analyzed by the in-house 
method TE-CH-076 based on AOAC [17]. 
Total starch and resistant starch of the samples 
were measured by glucoamylase methods [20] 
and determined using Megazyme kits 
(Megazyme International Ireland, Ireland). 
Fresh and vacuum fried samples were 
conducted. 
 
2.9 Statistical analysis  
 
      A factorial in complete randomized design 
3x5 was applied to experiments related to the 
physical properties. A randomized complete 
block design was used for the sensory test. The 
data analysis of variance was performed and the 
difference among means was conducted by 
Duncan’s new multiple ranges test at the 95% 
significant confidence interval. SPSS software 
version 23 was carried out all statistical analysis 
(IBM, USA). 
 
3. Result and discussion 
 
3.1 Moisture and oil content  
 
     The data presented in Figure 2 clearly shows 
the impact of varying frying temperatures and 
times on the oil and moisture content of 
pineapple cores. It was obvious that the 
temperature increases from 70 to 80°C and the 
frying time extends from 50 to 90 minutes, 
there's a noticeable decrease in moisture 
content. Simultaneously, there was a significant 
rise in the oil uptake by the pineapple cores (p 
≤ 0.05). The moisture content of pineapple 
cores was varied between 3.17 to 10.76%. 
During vacuum frying, moisture migrates more 
quickly from interior to the food surface. At the 
initiate state, lower frying temperatures (70oC) 
resulted in less water loss from the sample than 
that of high temperatures (80oC). The results 
demonstrated that higher temperatures and 
longer frying durations lead to more efficient 
dehydration or more water was evaporated from 
the samples. The findings of this study 
indicated a tendency toward rising oil uptake, 
with values between 15.00 and 19.97%. The 
high amounts of oil uptake may be the result of 
moving into the product pore spaces through 
capillary channels formed due to moisture 
evaporation, both on the surface and inside, 
which led to increased oil penetration from the 
driving force [21-22]. The coefficient 
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correlation (R2) of oil absorption and water 
evaporation during vacuum frying was 0.73 at 
70oC, 0.82 at 75 oC and 0.93 at 80oC. The results 
related to study of Su et al (2016) [13] who 
reported that under intense frying at high 

temperatures (100, 110, and 120 oC) and for 
long periods of time (0 to 10 min), that the oil 
content of potato chips increased while the 
moisture content decreased. 
 

 

 

   
 

               (a)              (b)              (c) 
 

 
  

 
              (d)             (e)              (f) 

 

 
 

  

            (g)               (h)               (i) 
Figure 1. The appearance of the pineapple cores prepared by vacuum frying at 70 oC (a, d, g), 75 oC (b, e, h) or 
80 oC (c, f, i)  for 50 min (a, b, c), 80 min (d, e, f) or 90 min (g, h, i). 
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Figure 2. Moisture (a) and oil content (b) of the vacuum fried pineapple cores at various temperatures and time 
conditions. 

3.2 Hardness and expansion 
 
     The quality of fried products is generally 
affected by the frying conditions, the thickness 
of the products, the properties of food stuff and 
the desired final products especially the textural 
of the product [10, 21]. The breaking force can 
be used as an indicator of the crispiness of 
products. In the early stage of frying, the 
moisture in samples is high and the texture is 
then tough, with lower breaking force or 
hardness value indicating higher crispiness 
[12]. From Table 1, the hardness value tended 
to decrease as the frying temperature and time 
increased (p≤ 0.05). Consequently, the hardness 
value decreased from 341.28 g at 70oC frying 
for 50 minutes to 72.09g at 80oC frying for 90 
minutes. Additionally, the expansion values 

increased under more severe frying conditions, 
reaching a maximum of 50% at 80°C frying for 
90 minutes. According to Esan et al [11] who 
found that increasing oil temperature and frying 
time affected the texture of yellow-fleshed 
sweet potatoes, leading to rapid hardness 
changes, accelerated crust formation, and 
ultimately decreased hardness values. This 
phenomenon can be attributed to the 
evaporation of gases from the products during 
frying, which creates a porous structure and 
results in increased product expansion, as 
depicted in Figure 4. Similarly, Yamsaengsung 
et al [10] observed a similar effect in banana 
chips subjected to vacuum frying at 110°C for 
20 minutes at 8 kPa. The chips exhibited a 
significant increase in pore size, leading to the 
highest volume expansion of over 20%

(a) 

(b) 
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Table 1.  Hardness and percentage of expansion of vacuum fried pineapple cores at various temperatures 

and time conditions.    

Sample no. Temperature 

        (oC) 

Time 

(min) 

Hardness (g) Expansion (%) 

1 70 50 341.28a±12.66 20.23e±2.83 

2  60 318.07a±19.92 22.00e±1.18 

3  70 320.07a±15.56 24.92de±3.14 

4  80 254.50bc±27.17 30.98d±5.66 

5  90 158.17de±17.36 40.32b±1.07 

6 75 50 273.20b±16.22 30.17d±8.01 

7  60 226.61c±32.83 35.00c±2.07 

8  70 167.87d±16.74 35.17c±3.17 

9  80 150.07de±20.80 45.07ab±6.10 

10  90 136.60e±12.15 45.00ab±6.12 

11 80 50 190.51cd±17.62 35.00c±2.14 

12  60 144.44e±14.84 45.07ab±6.11 

13  70 128.42f±37.38 50.00a±9.22 

14  80 112.49f±16.51 50.00a±6.93 

15  90 72.09g±4.93 50.00a±7.07 

a,b,…Mean values with different letters in the same column were significantly different (p ≤ 0.05).  

3.3. Color  
 
      The changes in color of vacuum fried samples 
were observed L* (lightness), a* (green-red 
chromaticity) and b* (blue-yellow chromaticity). 
Figure 3 shows the effects of frying time and 
temperature on the color of pineapple cores. The 
color values of the pineapple cores in the current 
study for all conditions ranged from 68.46 to 
79.93 (L*), 0.93 to 2.84 (a*) and 20.63 to 24.57 
(b*). The statistical analysis demonstrated that 
raising the frying temperature and time had a 
significant (p ≤ 0.05) impact on the color values 
of samples. Higher conditions could reduce the 
L* value while accelerating the a* and b* value, 

resulting in the better desirable golden color of 
pineapple cores development (Figure 1). The 
color change that occurred during severe frying 
conditions could be attributed to the chemical 
oxidation and carbohydrate degradation [23]. The 
reactions that contribute to the browning of fried 
foods are partly due to the Maillard reaction, a 
complex series of reactions between amino acids 
and reducing sugars [13, 21]. Pineapple cores, 
containing 0.1% proteins and 4.3% carbohydrates 
[24], provide the potential material for Maillard 
reactions to occur during frying [22]. These 
reactions not only alter the color of the food but 
also play a significant role in developing its flavor 
and aroma, enhancing the overall sensory 
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experience of the fried products [23]. Similarly, 
the studied of Wanakamol & Poonlarp [15] 
reported that the pineapple chips were fried at 90-
95 oC for 50-60 min under depressurized to 60 

mmHg showed a significant impact on the 
lightness (from 64.21 to 55.92) and hue value 
(from 81.36 to 77.16) as darker color can be seen 
in more intense process. 

  

 

 

 

 

 

 

 

 

Figure 3. CIE (L*, a*, b*) color of pineapple cores were prepared by vacuum frying at 70, 75 and 80 oC for 50, 60, 
70, 80 and 90 min. 

3.4. Microstructure  
 
     The study investigated the structural changes 
in vacuum-fried pineapple cores, particularly 
focusing on the microstructure alterations 
concerning frying temperature and time as shown 
in Figure 4.  It was observed that both the number 
and size of pores within the samples increased 
progressively with higher frying temperatures 
and longer frying times. This phenomenon was 
attributed to the removal of free water from the 
cellular structure during the frying process. 

Before frying, the pineapple cores underwent 
pretreatment by being frozen at -25°C. The 
formation of ice crystals during freezing initially 
damaged the plant tissue. Subsequently, upon 
heating, these ice crystals within the frozen cells 
sublimated under vacuum conditions, leaving 
behind pores in the food matrix. As a result, a 
porous sponge-like structure was formed [25]. 
The findings of this study was consistent with 
previous researches on the microstructure of 
vacuum-fried potato and sweet potato [11-12]. 
These two studies reported that vacuum frying at 
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90°C induced the formation of a sponge-like pore 
effect in the fried samples. Similar to the findings 
with pineapple cores, both the number and size of 
pores within the product increased with higher 
frying temperatures and longer frying times. 
These results strongly support the hypothesis that 

internal water vapor expansion within the product 
leads to thickness expansion, as outlined in    
Table 1. Consequently, the samples exhibited the 
lowest hardness values, indicating greater 
crispiness, after exposure to high temperatures 
and longer frying times. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. SEM images of the pineapple cores prepared by vacuum frying at 70 oC (a, d, g), 75 oC (b, e, h) or 80 oC (c, 
f, i) for 50 min (a, b, c), 80 min ( d, e, f) and 90 min (g, h, i) at a 100x magnification.   
 
3.5. Sensorial evaluation 
 
     The results from the sensorial acceptance test 
of vacuum fried pineapple cores indicate a 
significant (p ≤ 0.05) improvement in various 
sensorial attributes with different frying 
temperatures and times. At 70°C, variations in 
frying time between 50 to 90 minutes resulted in 
similar scores for appearance, color and flavor, 
ranging from 2.6 to 4.6. However, at 80°C for 90 
minutes, attributes such as flavor, crispiness, and 
overall acceptability received the highest scores, 
exceeding 6 out of 7, with coefficients of 0.76, 

0.93, and 0.79, respectively. This suggests that 
higher frying temperatures and longer frying 
times may be necessary to enhance consumer 
acceptability of vacuum fried pineapple cores. 
The vacuum fried pineapple cores produced at 
80°C for 90 minutes exhibited a golden-yellow 
color, preferable flavor, and crispiness, as shown 
in Figure 1. The quality of the best recipe to 
produce vacuum fried pineapple cores is shown 
in Table 3.  

 

Table 2. Hedonic scores of vacuum fried pineapple cores at various temperatures and time conditions. 
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Sample 

no. 

 Temperature 

      (oC) 

Time 

(min) 

Appearance Color Crispiness Flavor Overall 

Acceptance 

1  70 50 4.60b±0.83 4.07c ±0.30 2.60d ±0.55 3.60c ±0.34 3.33d±0.38 

2   60 4.53b±0.92 4.53b ±0.42 2.67d ±0.23 3.67c ±0.35 3.60c ±0.39 

3   70 4.53b±1.13 4.60b ±0.63 2.67d ±0.18 3.60c ±0.49 3.60c ±0.29 

4   80 4.53b±0.92 4.53b ±0.74 2.80cd ±0.22 4.20bc ±0.56 3.87c±0.35 

5   90 4.47b±1.06 4.60b ±0.83 3.07cd ±0.56 4.40bc ±0.39 3.80c ±0.48 

6  75 50 4.80ab±1.08 4.20b ±0.41 3.27c ±0.33 4.53b ±0.44 3.93c ±0.36 

7   60 4.67b±1.18 4.40b ±0.74 3.40c±0.40 4.47bc ±0.83 4.27cd ±0.59 

8   70 4.87ab±0.83 4.53b ±0.64 3.47c ±0.26 4.73b ±0.56 4.13cb ±0.44 

9   80 4.87ab±0.52 4.67b ±0.52 4.20b ±0.58 4.70b ±0.28 4.07c ±0.20 

10   90 4.53b±0.92 4.73b ±0.46 4.20b ±0.86 4.80b ±0.42 4.20cb ±0.48 

11  80 50 4.87ab±0.24 4.87b ±0.35 4.00b ±0.65 4.67b ±1.29 4.20b ±0.56 

12   60 4.40b±0.44 4.33ab ±0.28 4.33b±0.72 4.73b ±0.70 4.40b ±0.51 

13   70 4.87ab±0.34 4.80b±0.41 5.20ab ±0.77 4.80b ±0.48 4.60b ±0.44 

14   80 5.07a±0.36 4.87b ±0.24 5.13ab ±0.44 5.13ab ±0.34 4.80b ±0.41 

15   90 5.13a±0.22 5.67a±0.49 6.07a ±0.70 6.07a ±0.53 6.20a ±0.36 

a,b,c,d Mean values with different letters in the same column were significantly different (p ≤ 0.05). 
Hedonic scores were reported in the 7-point scale; 1 = dislike extremely, 7 = like extremely.  
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       In the vacuum fried pineapple core, neither 
the resistant starch nor the overall starch 
content could not be found. However, the 
pineapple exhibited a higher dietary fiber 
content compared to fresh pineapple. The best 
recipe sample (sample no.15) had a dietary fiber 
content of 21.31% (dry basis), higher than the 
17.09% found in fresh pineapple. Dietary fiber 
is a plant polysaccharide that cannot be 
hydrolyzed and absorbed by human digestive 
enzymes. It has been reported that fiber intake 
can reduce the risk of cardiovascular disease, 

diabetes mellitus and cancer [26]. Additionally, 
when comparing the oil content of the best 
recipe sample to conventional French fries, it 
was found that the vacuum-fried pineapple core 
(sample no.15) contained 18% oil (Figure 2), 
while conventional French fries, the most 
popular fried food in the USA and many other 
countries, has a higher oil content of 43% [27]. 
This suggests that vacuum-fried pineapple 
cores offer a healthier alternative to traditional 
fried foods like French fries, with lower oil 
content and higher dietary fiber. 

Table 3. Dietary fiber, total starch and resistant starch of fresh and the best recipe vacuum fried 

pineapple cores (sample no. 15). 

Samples 

Dietary Fiber 

(% db) 

Total Starch  

(% db) 

Resistant Starch  

(% db) 

Fresh 17.09b ±1.08 0 0 

Vacuum fried (no. 15) 21.31a ±1.34 0 0 

a,b Mean values with different letters in the same column were significantly different (p ≤ 0.05). 

4. Conclusion     

     The effect of vacuum conditions on the 
characteristics of pineapple cores were 
observed in this study. The variations in frying 
temperature and time influenced the moisture 
and oil contents of the pineapple cores. 
Additionally, the study found correlations 
between pore size, color, texture, SEM 
structures, expansion and crispiness. Products 
fried under pressure at 80°C for 90 minutes 
received the highest acceptance scores (over 6 
out of 7) across all attributes, particularly 
overall acceptability. Noticeably, the vacuum-
fried pineapple cores could serve as a potential 
product derived from industrial co-products. 
Furthermore, the study implies that these 
vacuum-fried cores could be positioned as a 
healthier alternative snack compared to 
traditional fried products like French fries, 
potentially appealing to health-conscious 
consumers. 
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Abstract 
 
        The design of experiment (DOE) with the result as an attribute is generally used. On the other hand, 
the current DOE method is quite complicated in that the user is supposed to transform the attribute 
result into the quantitative result, then turn it back again for a conclusion on the final parameter setting. 
The purpose of the research is to find out the efficient method that has the same result as the DOE. 
Finally, the research discovered that the logistic regression can be applied instead and get the final result 
of the parameters setting the same as the original DOE method. According to the users, they do not 
need to transform the attribute result into the quantitative result; this is the main idea: the users save a 
lot of time on calculations and can conclude the parameter setting by only interpreting the result from 
a factorial plot of logistic regression. 
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        The current industrial problem yields 
attribute data or qualitative data, such as 
pass/fail, good/bad, and so on, and is also 
related to the optimization of a parameter or 
process that has a qualitative result [1]. The 
design of the experiment needed to be set up to 
find out the correct parameter setting. 
Generally, the method that has been used is to 
transform the qualitative result into a 
quantitative result [2]. With this method, it 
takes more time and requires conversion back 
and forth before interpreting the result. The 
study aimed to apply other statistical methods 
that still maintain qualitative results and can be 

used to determine the factors that need to be set 
as well as the factors that are influenced by the 
interaction of factors. The statistical tool 
proposed is called "logistic regression". The 
Minitab data blog provided the data for the 
comparative study of the two methods. This is 
the original data that was supplied and used in 
the experiment design, along with the attribute 
result. The benefit of the research was finding a 
new method that can significantly reduce the 
step with the same answer as parameter setting 
with the DOE method. The comparison of a 
step reduction between the two methods is 
shown in Table 1.

Table 1. A comparison step between the existing method and the proposal method 

The existing method The proposal method 

Key data in the Minitab sheet. Key data in the Minitab sheet. 

Transform the attribute data to probability. 
Perform Logistic regression tool in Minitab 

software. 
Calculate square root of probability and Arcsine 
later. 

Interpret data and conclude for parameter setting. 

Perform DOE tool in Minitab software. 

Interpret data and conclude for parameter setting.  
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2. Objective 

To compare the decision-making by 
applying logistic regression instead of the 
DOE with the attribute response. 

3. Literature review 

3.1 Design of experiment (DOE) 

The Design of Experiments (DOE) is a 
statistical technique that involves experiment 
planning and conducting, and findings 
analyzing and interpreting. It is a subfield of 
applied statistics used to conduct scientific 
investigations of a system, process, or product 
in which input variables (Xs) are changed to see 
how they affect the measured response variable 
(Y). In the past, DOE was a very effective 
strategy for enhancing the quality and 
dependability of products [3]. Today, numerous 
sectors employ DOE to help with decision-
making for process improvement, new product 
development, and production procedures. It is 
employed in administration, marketing, 
hospitals, pharmaceutical industry, and 
engineering [4]. Regarding experiments with 
several elements, factorial designs are generally 
used when it is important to examine the 
combined impact of the factors on a response. 
The most significant of these particular 
instances has two levels for each of the k 
factors. These levels can be qualitative, such as 
the "high" and "low" levels of a factor, or they 
may also be quantitative, such as two values of 
temperature or time. A 2k factorial design is a 
full replication of such a design, which is called 
2 × 2 × 2 ×... × 2 = 2k observations. An ANOVA 
(ANalysis Of VAriance) is used to verify the 
significant influence of each input factor and 
the interactions on the response factor. The 
setting of the factor is then considered on the 
factorial plot for each factor and its interaction. 
The ARCSINE method was used to transform 
the response data for the qualitative or attribute 
response. Users need to do a replicate response 
data and provide as a proportion result, then 
apply square root on the inverse sine 
(ARCSINE) to maintain the normality of the 
data [5]. Then they follows the ANOVA and 
draws a conclusion about the input factor 
setting from the factorial plot. 

 

3.2 Logistic regression 

Logistic regression is a technique for 
estimating the likelihood of an attribute 
outcome given a dependent variable. Binary 
logistic regression, often known as two 
outcomes such as pass or fail, yes or no, and so 
forth [6] is generally used, including in the 
industrial sector [7], the service sector [8], etc. 
The fundamental assumption of logistic 
regression is that it is identical to linear 
regression [9]. Residual is the difference 
between the expected and actual values of the 
response variable (error). Typically, it is 
assumed that the residual will have a normal 
distribution with a mean of 0 and constant 
variance. The residuals do not correlate with 
one another. The dependent variable and the 
residual do not correlate as well as the residual 
and the response variable. As a result of the 
outcome being determined by the likelihood 
that the event will occur, the response variable 
result will range from zero to one. A probability 
of one means the fascinating event has a 100% 
chance of happening, whereas a probability of 
zero means it is unlikely to happen. Assign 
probability of interested event is represented by 
P(Y), and can be written as Equation (1): 

𝑃(𝑌) =  
௘್0శ್1೉i

ଵା ௘್0శ್1೉i
  (1) 

Then the non-interested event is represented 
by Q(Y), and equation can be written as 
Equation (2): 

𝑄(𝑌) = 1 − 𝑃(𝑌)        (2) 

𝑏0 and 𝑏1 are the estimated coefficients that are 
calculated from the data. 𝑋i is the independent 
variable and 𝑒 is a Natural Logarithm. 

Logistic regression can be transformed to a 
logit equation to link the dependent variable to 
the independent variable. The equation form of 
logit link can be written as Equation (3). 

L𝑜𝑔𝑖𝑡(𝑃) = 𝐿𝑜𝑔 ቂ
௉

ொ
ቃ  (3) 

An important number in the logistic 
regression is the odds ratio. By comparing P 
and Q, the odds ratio describes the number of 
times an event occurs. The odds ratio can be 
written as Equation (4). 



Interdisciplinary Research Review                                                                                                                                     15 
 
 

𝑂𝑑𝑑𝑠 𝑟𝑎𝑡𝑖𝑜 =  
௉y

ொy
         (4) 

 One of the most important criteria to test for 
the fit of the logistic regression model is the 
likelihood value. The statistical software will 
calculate the likelihood value and transform it 
into a Chi-square distribution test with the 
degree of freedom of the independent variable. 
The main hypothesis of the Chi-square test is 
that "all coefficients of the logistic regression 
model are zero." While the null hypothesis was 
rejected, the conclusion is that "logistic 
regression has a model." The statistical 
software also provided the P-value for making 
a decision on accept or reject the null 
hypothesis based on the type I error percentage 
set up. Type I error is typically 5%. 

3.3 A challenge of attribute response  

 The industrial sector and the service sector 
are all facing the result as an attribute. For 
example, the product cracks or does not crack, 
which is defined as an attribute result. 
However, almost everyone avoids using 
attributes as the result for fine-tuning any 
process setting. In this case, they define the 
length of the crack as represented by the 
number [10], even though sometimes they may 
fully break up. On the other hand, the end result 
as attributed may represent the real situation of 

what we need to monitor. Such as the 
component crack in the electronics component, 
as long as the crack is defined, there is an 
impact on the quality because there are so small 
[11]. Analyzing the data on the attributes is 
more complicated than using quantitative data 
[12]; thus, any attribute data always are 
converted to quantitative data for easier 
decision-making [13]. To maintain the end 
result as attributes and propose a method that 
the end result is the same rather than to convert 
fort and back the data, this research will explore 
any method that can be applied. 

4. Methodology 

 The research is a comparison study between 
the DOE with attribute response and the logistic 
regression. The result of the parameter setting 
of the input factor is supposed to be the same, 
and the time saving is a key part of the study for 
the calculation and result interpretation. 
 The hypothesis of the research: Logistic 
regression can be used to set up the input factor 
with the same result as DOE's attribute 
response. 
 Based on the research hypothesis, the data 
and results from the Minitab were used for a 
comparison study [14] [15]. The data is 3 
factors with 2 levels and 10 replications. The 
design is 23 = 8 Experiments with 10 
replications mean 8 × 10 = 80 Runs. 

 

Table 2. Raw data and results of experiment for a comparison study 

Input Factor Attribute Factor (OK/NOK) 

Factor 1 Factor 2 Factor 3 Output factor with 10 Replicates 

-1 -1 -1 
NO
K 

OK 
NO
K 

NO
K 

NO
K 

NO
K 

NOK NOK 
NO
K 

NOK 

1 -1 -1 
NO
K 

NO
K 

NO
K 

NO
K 

NO
K 

NO
K 

NOK NOK 
NO
K 

NOK 

-1 1 -1 OK 
NO
K 

OK OK OK OK OK OK OK OK 

1 1 -1 
NO
K 

OK OK OK OK 
NO
K 

NOK NOK 
NO
K 

NOK 

-1 -1 1 
NO
K 

OK OK 
NO
K 

NO
K 

OK OK OK OK OK 

1 -1 1 
NO
K 

NO
K 

NO
K 

NO
K 

NO
K 

NO
K 

NOK NOK 
NO
K 

NOK 

-1 1 1 OK OK OK OK OK OK OK OK OK OK 

1 1 1 OK OK OK OK 
NO
K 

NO
K 

OK OK 
NO
K 

NOK 
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Table 3. Data transforming from Attribute to quantitative 

Input Factor 
Proportion (p) 

Square root (p) 
Arcsin (Sqrt (p)) 

Factor 1 Factor 2 Factor 3 Sqrt (p) 

-1 -1 -1 0.10 0.32 0.32 

1 -1 -1 0.00 0.00 0.00 

-1 1 -1 0.90 0.95 1.25 

1 1 -1 0.40 0.63 0.68 

-1 -1 1 0.70 0.84 0.99 

1 -1 1 0.00 0.00 0.00 

-1 1 1 1.00 1.00 1.57 

1 1 1 0.60 0.77 0.89 

 The data transformation is an additional step 
for the DOE. In contrast, the logistic regression 
is not required. For logistic regression, the 
output “OK” is represented by 1 and the output 

“NOK” is represented by 0. The input factor put 
Low (L) and High (H) to represent -1 and 1. 
Then the logistic regression was performed and 
the factorial plot was provided in the result.

5. Result and discussion 

5.1  DOE with attribute response and factorial plot result 

Table 4. Summary result of DOE 

Term Coef SE Coef P-Value 

Constant 0.71 0.06 0.000 

Factor 1 -0.32 0.06 0.006 

Factor 2 0.38 0.06 0.003 

Factor 3 0.15 0.06 0.071 

R-Sq = 94.84% and R-Sq adjust = 90.96%. There is no interaction between the factors. 

 

Figure 1. Factorial plot of DOE 
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 Note. Optimizing Attribute Responses using 
Design of Experiments (DOE), Part 1. From 
https://blog.minitab.com/en/statistics-in-the-
field/optimizing-attribute-responses-using-
design-of-experiments-doe-part-1, by 
Jayakumar, M. Copyright 2022 by Minitab, 
LLC. 

 The conclusion based on the result analysis 
is to set up the maximum attribute response (a 

high "OK" rate). The analysis has shown that 
parameters for factors are set at the following 
levels: 

Factor 1 setting at -1 (Low level). 
Factor 2 setting at 1 (High level). 
Factor 3 setting at 1 (High level, Factor 3 is less 
significant and might not have a high impact if 
changed to -1). 

5.2 Logistic regression and factorial plot result (A proposal method) 

Table 5. Summary result of DOE 

Term Coef SE Coef P-Value 

Constant 0.83 0.59 0.000 

Factor 1 3.82 1.11 0.001 

Factor 2 -4.32 1.12 0.000 

Factor 3 -1.83 0.69 0.008 

R-Sq = 49.60% and R-Sq adjust = 46.88%. There is no interaction between the factors. 

 According to the P-value of each factor, it is lower than 0.05, which means all factors influence the 
response at a 95% confidence interval. 

 

Figure 2. Factorial plot of Logistic regression 

Note. Optimizing Attribute Responses using 
Design of Experiments (DOE), Part 2. From 
https://blog.minitab.com/en/statistics-in-the-
field/optimizing-attribute-responses-using-
design-of-experiments-doe-part-2, by 

Jayakumar, M. Copyright 2022 by Minitab, 
LLC. 

 The conclusion based on the result analysis 
is to set up the maximum attribute response (a 
high "OK" rate). The analysis has shown that 
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parameters for factors are set at the following 
levels: 

Factor 1 setting at -1 (Low level). 
Factor 2 setting at 1 (High level). 
Factor 3 setting at 1 (High level). 

 The difference between DOE with attribute 
response and logistic regression is factor 3. At 
a 95% confidence level, the DOE indicates that 
factor 3 has no effect. In contrast, logistic 
regression suggests factor 3 has a significant 
impact at a 95% confidence interval. In terms 
of the different values of the R-Sq between the 
two methods, the R-Sq indicated how well 
dependent variables can explain the 
independent variable (or output of the system). 
The point of view for the practitioner is that 
they need to know how to set parameters 
specific to the “low” or “high” settings of each 
factor. Anyway, the conclusion of the setting 
for the system can be reached with the same 
result. This is suitable for the practitioner in the 
factory due to the calculation of the time they 
are saving. Regarding the logistic regression, 
users key in the result and run the statistical test, 
then the conclusion can be made. On the other 
hand, DOE needed to transform the data before 
running the statistical test. This step is taking 
more time than the logistic regression method. 
Finally, after setting the model as suggested, the 
result must be validated with at least 30 samples 
in the final step. 

6. Conclusion 

 Referring to the research hypothesis, an 
alternate statistical method, called logistic 
regression, has the same result as the system 
setting up of the factor with the DOE's attribute 
response. This proposal is applicable to the 2k 
factorial and produces a binary response. 
Therefore, the new method is beneficial in 
terms of time savings and step reduction. 
Moreover, this is a suitable method for the 
practitioner who needs to set up any system, 
machine, and so forth. 
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Abstract 
 
        This study examined the development and determination of the efficiency of the online reading 
lesson by using metacognitive strategies and evaluated the achievements of the online reading lesson 
by using metacognitive strategies of Thai undergraduate students. Forty Thai undergraduate students 
who enrolled in English for Communication subject participated in the study for eight weeks. The 
research instruments employed six online reading lessons and exercises, an online reading lesson using 
metacognitive strategies tests, and a questionnaire on student’s satisfaction towards the online lesson. 
Quantitative data were analyzed by mean, standard deviation (S.D.), and dependent t-test. The results 
revealed that the efficiency of the online reading lesson met the assigned criteria 75/75 and the 
achievements of learning indicated that the student’s online reading abilities score obtained in the post-
test after learning by online reading lesson were significantly higher than the pre-test at a .05 level of 
statistical significance. The students had high satisfaction towards online reading lessons because of 
their usefulness for their online reading. 
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1. Introduction  

On a global scale, Thailand, like many 

other countries, has encountered the adverse 

impacts of the COVID-19 pandemic on various 

aspects of life such as the economy, society, and 

education. Consequently, it is crucial to address 

the issues of learning behavior and unequal 

access to knowledge. In this regard, leveraging 

technology can play a pivotal role in providing 

equitable opportunities for learners of all levels 

to acquire knowledge. Moreover, technology 

can be utilized to improve reading skills and 

promote healthy reading habits [1, 2, 3, 4, 5, 6]. 

The Thai education system needs to enhance 

the reading skills of Thai citizens to a level that 

enables them to acquire knowledge to 

effectively receive and comprehend the 

language. Reading is an important language 

ability in many aspects of life, including 

education and employment [7]. Employing 

reading strategies plays a crucial role in 

promoting reading comprehension and aids 

learners in accurately comprehending textual 

content [8]. 

Online learning materials are an 

essential tool for facilitating education and 

learning in contemporary times. Engaging in 

online reading and utilizing reading strategies, 

particularly metacognitive strategies, can 

enhance learning skills and foster autonomy in 
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language acquisition. With the widespread use 

of technology in online learning across higher 

education institutions worldwide, research has 

shown that incorporating metacognitive 

strategies in online learning is crucial for 

achieving learner achievement [9, 10, 11].  

Metacognitive strategies are cognitive 

processes that involve learners in their learning 

and self-learning processes. Several research 

studies have indicated that metacognitive 

strategies are significantly and positively 

associated with online learning performance, 

and are essential for achieving academic 

success [12, 13, 14, 15]. Students can enhance 

self-control through using metacognitive 

strategies in online learning [16, 17, 18]. As a 

result, online learning has the potential to 

improve the English language proficiency of all 

Nakhon Pathom Rajabhat University students. 

The current research was conducted 

with the following intended objectives: 

1) to develop and determine the 

efficiency of the online reading lesson by using 

metacognitive strategies of Nakhon Pathom 

Rajabhat University undergraduate students 

created by the researcher to meet the criteria of 

75/75. 

2) to compare learning achievements in 

online reading before and after learning online 

reading lessons by using metacognitive 

strategies of Nakhon Pathom Rajabhat 

University undergraduate students. 

3) to study Nakhon Pathom Rajabhat 

University undergraduate students’ satisfaction 

towards online reading lessons learning by 

using metacognitive strategies. 

2. Literature Review 

2.1 Concepts of Reading Theories 

Reading involves connecting sounds 

with letters, and committing to memory various 

lexical items, phrasal combinations, and 

syntactical patterns, which employ the 

application of prior knowledge and 

understanding of the meaning [19, 20]. 

According to Breznitz [21], reading is an 

essential communication tool in society. It is an 

ability that allows the reader to interact with 

different forms of media. Reading therefore is 

essential in education. The viral in reading is 

reading comprehension level. Burmeister [22] 

classified the level of reading comprehension 

according to Bloom's Taxonomy as follows: 

memory, translation, interpretation, 

application, analysis, synthesis, and evaluation. 

Nunan and Dole [23] explained that reading 

comprehension relies on schema theory, 

emphasizing that understanding a text 

necessitates activating prior knowledge stored 

in memory. According to this theory, 

comprehension involves connecting new 

information with previously acquired 

knowledge. The reading process involves two 

main models: the bottom-up model, which 

involves processing the smallest components 

(e.g. letters) to larger units, and the top-down 

model, which involves drawing on prior 

experience and knowledge to understand 

meaning within a given context [24]. When the 

bottom-up and top-down approaches are 

integrated and used together, reading 

instruction can be more effective [25]. As a 
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result, the notion of an interactive reading 

process emerged, which involves generating 

and validating a hypothesis based on prior 

experiential knowledge. This process occurs 

through both top-down processing, which 

involves comprehending the larger context first 

and then breaking it down into smaller parts, 

and bottom-up processing, which involves 

analyzing individual components and then 

constructing a larger understanding [26]. In 

terms of metacognitive processes associated 

with intention, planning, and control strategies. 

Readers are capable of using reasoning and 

critical thinking to summarize the context [27]. 

2.2 Online Reading 

Online reading differs from linear 

reading as it requires the reader to navigate 

through interconnected readings using 

hyperlinks. Rather than following a strictly 

linear progression, the reader must move 

between various passages related to the same 

subject [28]. The exploration of pedagogical 

approaches to facilitate the development of 

online reading skills. With effective search 

processes and metacognitive strategies, learners 

can enhance their experience and thinking 

abilities. Teachers should prioritize guiding 

students through the process of online 

information search. This will enable students to 

acquire and apply effective strategies for online 

reading comprehension [29, 30]. Following 

online instruction, educators must assess 

students' online reading skills. Ciampa [31] 

developed a method for measuring and 

evaluating online reading and reading strategy 

use. This includes the use of a reading 

motivation questionnaire and a list of reading 

activities. Furthermore, teachers can use a 

behavior observation form to monitor and 

record students' behavior while they engage in 

online reading activities. 

2.3 Metacognitive Reading 

Metacognition refers to the ability to 

have a practical understanding of one's 

thoughts. It involves knowledge of information 

processing skills, monitoring, and executing 

one's work. By examining their own thought 

and action strategies, individuals can use 

metacognitive strategies to control their thought 

processes and behavior. They can set goals and 

objectives for learning and assess their progress 

by being able to monitor and evaluate 

themselves. Hence, metacognition is the ability 

to regulate one's thoughts and actions. The 

approach to teaching English reading with an 

emphasis on metacognitive strategies involves 

the practice of different techniques in tasks that 

allow learners to understand the use of 

metacognitive strategies in planning, 

monitoring, problem-solving, and evaluating 

their learning process. This teaching method is 

supported by Cubukcu and Connel [32, 33] 

suggested that the use of metacognitive 

strategies in English teaching is crucial in 

helping learners become more aware of their 

metacognitive reading strategies. By applying 

these strategies, learners can adapt their reading 

habits and enhance their English reading skills. 

Phuvipadawat [34] evaluated the use of 

metacognitive reading strategies, which can be 
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measured and evaluated in two forms. The first 

form is testing, where the evaluation is 

performed through standardized tests. The 

second form is an authentic assessment, which 

includes observation, the use of tools, 

interviews, recordings, and reviewing student 

portfolios to assess their reading skills and 

strategies. 

2.4 Related Literature  

Sitiprakan et al. [35] conducted a study 

to investigate the effectiveness of online lessons 

on students' advanced reading achievement. 

The results indicated that learners who used 

online lessons showed greater improvement in 

their English learning achievements. 

Furthermore, the study found that online 

lessons were beneficial in enhancing learners' 

knowledge of English reading. The survey 

conducted also showed a positive impact of 

online learning, as students expressed high 

levels of satisfaction. Cigdem and Tirkes [36] 

conducted research on various analyses and 

benefits of LMS and Moodle. They found that 

Moodle and LMS are remarkable open-source 

software, which aim to improve the quality of 

education and include necessary tools for an e-

learning system. Moodle and LMS provide 

multiple features that enhance the pedagogical 

quality and offer the necessary tools required 

for an e-learning system. LMS plays a 

significant role in the virtual learning 

environment (VLE) or learning platform. 

According to Hall [37], LMS is software that 

automates the management of training events. 

LMS manages the login of registered users, 

manages course catalogs, stores data from 

learners, and generates reports for management 

purposes. Liu and Feng [38] studied the 

correlation between metacognitive and online 

learning strategies and academic achievement. 

Their findings revealed that using these 

strategies helped students in the test-scoring 

group to achieve higher overall outcomes. 

3. Methodology 

3.1 Participants 

The participants were a class that had 

forty students who enrolled in 1500134 English 

for Communication in the second-semester 

academic year 2021 and are taught by the 

researcher. The students registered for this 

course for the first time. They are non-English 

majors who were studying in their second year 

at Language Institute, Nakhon Pathom 

Rajabhat University. The class was selected by 

purposive sampling.  

3.2 Research Instruments 

The instruments used in the study were 

a lesson plan for a course English for 

Communication 1500134. It was included 

learning objectives and course descriptions for 

English for Communication. In addition, the 

researcher designed the online material which 

is composed of six chapters that focus on online 

reading content using metacognitive strategies 

using a Learning Management System (LMS) 

provided by Nakhon Pathom Rajabhat 

University. Moreover, a pre-posttest in 

metacognitive online reading was employed in 

this study, which consisted of a multiple-choice 
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test with 40 items. The test aimed to measure 

reading comprehension using metacognitive 

strategies, which include: 1) distinguishing 

between the main idea and supporting details, 

2) identifying supporting details, 3) guessing 

unknown words, 4) summarizing main ideas, 5) 

interpreting the text, and 6) evaluating the text. 

Furthermore, the Student Satisfaction 

Questionnaire was used to affirm the results of 

satisfaction towards metacognitive online 

reading. 

3.3 Research Procedures 

This research aims to investigate the 

methodology used in the study. This research 

conducts quantitative methods into the study. 

The data collection comprises the research 

design, construction of the research instrument, 

and satisfaction questionnaire towards 

metacognitive online reading strategies. The 

main objective of the study on the development 

of online reading lessons by using 

metacognitive strategies of Thai undergraduate 

students at Nakhon Pathom Rajabhat 

University. The procedures are as follows. 

1) The English for Communication 

course 1500134 comprises six units, 

emphasizing online reading and metacognitive 

strategies. It includes learning objectives and 

course descriptions. Online lessons, delivered 

in various formats, were developed following 

content analysis using selected websites. They 

were integrated into the university's Learning 

Management System (LMS) for course 

management, student data handling, evaluation, 

and communication. The researcher analyzed 

online content, created test specifications, and 

developed a test to assess online reading and 

metacognitive skills. Both the online lessons 

and the test underwent expert review and were 

trialed with experimental groups. 

2) The researcher provided a 

comprehensive explanation of the research 

particulars to the students. The students were 

given consent forms and informed of their right 

to withdraw from the study at any point, 

without facing any detrimental consequences. 

Subsequently, the researcher executed the 

following stages. 

3) In the first phase, the students took 

an online reading proficiency test employing 

metacognitive strategies via Google Forms 

before starting the online lessons. The test 

consisted of 40 questions and lasted for one 

hour. This process was during the first week of 

the study. Throughout this process, students 

were prompted to utilize metacognitive 

techniques. 

4) In the second phase, the researcher 

developed the online reading lessons, including 

PowerPoint creation, videos, teaching 

materials, and exercises. These materials were 

downloaded from the YouTube platform and 

uploaded to the LMS. The course comprised six 

chapters, and students took three hours per 

week, totaling 18 hours. The study took six 

weeks to cover all six chapters. Then, students 

were required to spend an hour every weekday 

after class finishing the task on the LMS 

platform. In addition, students were required to 

engage in post-learning exercises after finishing 

each chapter, comprising ten items per chapter, 
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and taking 30 minutes to complete. The 

students spent total time for post-learning 

exercises across all six chapters was 180 

minutes. The LMS enhanced delivery through 

content management, interactive videos with 

metacognitive prompts, quizzes for self-

assessment, discussion forums for reflective 

activities, progress tracking, announcements, 

resource links, and assignment submission 

features.  

5) In the third stage, after the online 

lessons, students undertook an online reading 

ability test using metacognitive strategies 

through Google Forms. This test contained 40 

questions and lasted for one hour. It took place 

during the seventh week of the study. Students 

had to use their after-school time to complete it.  

6) In the final stage, following the 

completion of the online reading lessons using 

metacognitive strategies, students were asked 

to complete a Student Satisfaction 

Questionnaire via Google Form. This 

questionnaire consisted of ten questions and 

was administered after the seventh week of the 

study. 

3.4 Data Analysis 

The data analysis of the study was 

based on the SPSS which was used to analyze 

data obtained from pre-posttest in 

metacognitive online reading by using t-test for 

dependent samples to get statistical method. 
Moreover, data was obtained by using mean 

(Xഥ), standard deviation (S.D.) and process (E1), 

and product (E2) for the online reading lessons’ 

content validity and reliability, and satisfaction 

questionnaire.   

4. Results and Discussion 

The online reading lessons met the 

efficiency criteria of 75/75, indicating their 

efficiency in enhancing students' reading skills. 

Furthermore, the comparison of pre-test and 

post-test scores revealed a significant 

improvement in students’ reading abilities and 

skills after participating in the online reading 

lessons. The post-test scores were significantly 

higher than the pre-test scores, indicating the 

positive impact of the online reading lessons 

using metacognitive strategies. Additionally, 

students reported high satisfaction with the 

online reading lessons, particularly 

appreciating their format and content, which 

were rated as highly useful and easy to use. The 

findings indicate that metacognitive strategies 

effectively enhance reading comprehension. 

Moreover, the improvement in post-test scores 

aligns with previous research [12-14], 

demonstrating the positive impact of these 

strategies on academic achievement. The high 

satisfaction levels further validate the 

efficiency of the online lessons, corroborating 

studies by Sitiprakan et al. [35] and Cigdem and 

Tirkes [36]. 

In summary, nationally and 

internationally research supported the use of 

online language lessons, online reading, and the 

use of metacognitive reading strategies. 

Therefore, the researcher developed online 

reading lessons using metacognitive reading 

strategies to help students develop English 
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language skills and abilities. In addition, online 

reading lessons using metacognitive reading 

strategies influence vocabulary learning 

enrichment, participatory learning 

encouragement, teacher-student interaction 

stimulation, support learning, enable 

assessment and tracking of activities, and 

provide convenient and timely access to 

instructional materials. This approach is very 

satisfying for students. 

4.1 Results of developing and determining 
the efficiency of the online reading lesson by 
using metacognitive strategies  

Brahmawong [39] conducted a three-
stage tryout, presenting the findings on the 
efficiency of the draft online reading lessons 
as follows: 

In Individual Testing (1:1), 3 students 
who had similar characteristics to the samples 
were employed in this stage. The following is 
the table of finding on the efficiency of the 
online reading lessons draft in the individual 
testing stage.  

 
Table 1: Efficiency of the Online Reading Lessons Draft in Individual Testing (1:1) 

Efficiency Students 

(n) 

Total 

scores 

𝐗ഥ S.D. Efficiency 

Value 

Process (E1) 3 60 45.30 6.65 75.50 

Product (E2) 3 40 30.30 9.29 75.75 

 

In the first stage of the tryout, the 

findings on efficiency (E1 / E2) of the online 

reading lesson draft were 75.50/75.75 which 

meant the draft met the set criteria at 75/75.  

              In Group Testing (1:10), 10 students who 

had similar characteristics to the samples were 

employed in this stage. The following is the 

table of findings on the efficiency of the online 

reading lessons draft in the Group Testing 

stage.  

Table 2: Efficiency of the Online Reading Lessons Draft in Group Testing (1:10) 

Efficiency Students 

(n) 

Total 

scores 

𝐗ഥ S.D. Efficiency 

Value 

Process (E1) 3 60 45.10 3.14 75.16 

Product (E2) 3 40 30.10 6.60 75.25 
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In the second stage of the tryout, the finding on 

efficiency (E1 / E2) of the online reading lessons 

draft was 75.16/75.25 which meant that the 

draft still met the set criteria at 75/75.  

 In Field Testing (1:100), 40 students 

who had similar characteristics to the samples 

were employed in this stage. The following is 

the table of finding on the efficiency of the draft 

in the Field Testing stage.  

 
Table 3: Efficiency of the Online Reading Lessons Draft in Field Testing (1:100) 

Efficiency Students 

(n) 

Total 

scores 

𝐗ഥ S.D. Efficiency 

Value 

Process (E1) 3 60 45.35 3.23 75.58 

Product (E2) 3 40 30.70 3.17 76.75 

 
In the final stage of the tryout, the 

finding on efficiency (E1 / E2) of the online 
reading lessons draft was 75.58/76.75 which 
meant the draft met the set of criteria at 75/75. 
These results suggest that the online reading 
lessons possessed the quality necessary for 
further dissemination. 

4.2 Results of comparing learning 
achievements of online reading before and 

after learning online reading lessons by 
using metacognitive strategies 

 In this part, the results gained from 
both pre- and post-test were compared to see 
the achievement of students’ online reading 
before and after employing online reading 
lessons by using metacognitive strategies.  

 
 

Metacognitive Online Reading 
Test 

Students 

(N) 

𝐗ഥ S.D. t-value p 

Pre-test 40 22.38 4.60 18.13 0.00 

Post-test 30.70 3.17 

            * Significant at the 0.05 level (p < 0.05) 

 
The table indicates the mean scores of both pre- 
and post-tests showing the students’ online 
reading. Before the students studied by using 
the online reading lessons using metacognitive 
strategies, they had taken the pre-test and the 
mean score was 22.38 (Xഥ), 4.60 (SD). However, 
they had to take the post-test after the online 
reading lessons by using metacognitive 

strategies were employed. The result of the 
post-test that the mean score was 30.70 (Xഥ), 3.17 
(SD), was higher than the pre-test. However, 
the scores between the pre and post-test were 
significantly different at 0.05 level (t = 18.13, 
P = 0.00). Therefore, the results of paired t-test 
indicated that Thai undergraduates’ overall 
online reading after implementing online 
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reading lessons was higher. It can be concluded 
that Thai undergraduates’ overall achievement 
towards online reading lessons by using 
metacognitive strategies was enhanced after the 
implementation. 

4.3 Results of affirming students’ 
satisfaction towards online reading lessons 
by using metacognitive strategies. 

Apart from the overall satisfaction 
towards online reading lessons, three aspects of 
students’ satisfaction were also administered 
and analyzed quantitively by using mean and 
standard deviation.  
 
 
 
 
 

 
 

Satisfaction aspects 𝐗ഥ S.D. Satisfaction Rank 
Student 4.14 0.06 High 3 
Content 4.15 0.01 High 2 
Format 4.17 0.02 High 1 
Total 4.15 0.04 High  

The table presents the mean scores and 
standard deviations for students' satisfaction 
with online reading lessons utilizing 
metacognitive strategies, evaluated on a 5-point 
Likert scale. From this questionnaire, the 
derived mean score and standard deviation were 
4.15 (Xഥ) and 0.04 (SD), respectively. Notably, 
the ranking based on mean scores highlights 
that the format of the online reading lessons was 
the highest at 4.17 (Xഥ), followed by content 
satisfaction at 4.15 (Xഥ), and student satisfaction 
at 4.14 (Xഥ). This indicates that students were 
most satisfied with the format, followed closely 
by content and student satisfaction. The 
positive feedback reflects the students' 
appreciation and endorsement of the efficiency 
of the online reading lessons integrated with 
metacognitive strategies. 

5. Conclusion 

 This study has several key points that 
relate to its objectives. The purpose of the 
research was to determine the effectiveness of 
online reading lessons by using metacognitive 
strategies among undergraduate students at 
Nakhon Pathom Rajabhat University. The 
researcher created online reading lessons for the 
English for Communication course 1500134, 
which consisted of six chapters. The efficiency 
of the material (E1/E2) was evaluated based on 
the practice and post-test scores of all the 
participants, which were 75.58% and 76.75%, 
respectively (E1/E2 = 75.58 /76.75). The 
researcher systematically designed and 

developed online lessons that met quality 
standards and were evaluated by experts. The 
lessons were evaluated based on their content 
and met the criteria set forth at 75/75. 

The study analyzed the learning 

achievement of undergraduate students at 

Nakhon Pathom Rajabhat University who used 

online reading lessons by using metacognitive 

strategies. The results showed that the student's 

learning achievement was higher after using the 

online reading lesson designed by the 

researcher. The online reading lessons were 

designed to be easily understood and included 

video lessons, additional sources of knowledge, 

and interesting modern titles, sizes, colors, and 

fonts. The learners could interact with the 

lessons, and students could review the lessons 

anytime, anywhere. The study also found that 

the students had a high level of satisfaction with 

the format of the online reading lessons. Future 

studies should explore the long-term impact of 

these strategies and investigate their 

applicability in different educational contexts. 
Furthermore, the limitation of this study's 

sample size, confined to one university, 
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potentially impacts the generalizability of the 

findings. Thus, future research should 

encompass larger and more diverse samples. 

Additionally, recommendations for future 

studies should include investigating the 

influence of metacognitive strategies on other 

language skills and exploring their integration 

into various educational technologies. 
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Abstract 
 

 The objectives of this study were 1) to study the relevant documents and confirm the elements of 
internal supervision management according to standards of the early childhood education schools under 
the Office of the Basic Education Commission (OBEC), 2) to investigate the present situations, 
management problems, and feasible guidelines for internal supervision management according to 
standards of the early childhood education schools under the OBEC, and 3) to develop and verify of 
internal supervision management according to standards of the early childhood education schools under 
the OBEC. This research used a mixed-methods approach. The key informants consisted of experts, 
school administrators, supervisors, academic heads, and early childhood teachers, for a total of 49 
informants. The instruments used for collecting data were a component synthesis table, an in-depth 
interview, a verification form for a draft model and a manual, and an evaluation form for a model and 
a manual. The statistics used for analysis were frequency, percentage, and content analysis. The research 
results were as follows: 1. The elements of internal supervision management according to standards of 
the early childhood education schools under the OBEC after confirmation comprised four components: 
1.1) planning, 1.2) organizing, 1.3) leading, and 1.4) controlling. 2. The current situations, management 
problems, and feasible guidelines for internal supervision management according to standards of the 
early childhood education schools under the OBEC also comprised of four elements: 1.1) planning, 1.2) 
organizing, 1.3) leading, and 1.4) controlling. 3. A model of internal supervision management according 
to standards of the early childhood education schools under the OBEC comprised of five components: 
1) principles; 2) objectives, 3) operational procedures, 4) evaluation, and 5) conditions for achievement. 
The accuracy and suitability of the internal supervision management were both at the highest level. 
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1. Introduction  

Thailand’s 20–Year National Strategy 
(2017-2036) [10] encourages life cycle 
development with a focus on growing 
individuals at all stages of development in 
accordance with their age groups. 
Therefore, the national strategy for 
enhancing human capital emphasized the 
importance of quality family planning, 

parental readiness, breastfeeding 
promotion, accurate infant nutrition 
guidance, and investments in early 
childhood development facilities during the 
pregnancy and early childhood stages.  

At the same time, the Bureau of 
Academic and Educational Standards, 
Office of the Basic Education Commission 
Ministry of Education [1] determined that 
the Early Childhood Education Curriculum 
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Manual had been created with the aim of 
offering guidance on structuring 
meaningful experiences for young children. 
It achieved this by aligning these 
experiences with the principles of 
developmental psychology and brain 
function that were appropriate for each 
child’s age, maturity, and developmental 
stage. This approach ensures that every 
child has the opportunity to reach their 
maximum potential. The manual 
emphasizes the importance of tailoring 
experiences to match children's unique 
learning styles. It encourages children to 
engage their five senses, movement, 
exploration, play, observation, 
investigation, experimentation, and 
independentproblem-solving. Furthermore, 
the manual advocates for an integrated 
approach to learning, where activities, 
skills, and educational content are woven 
together seamlessly. It promotes 
experiences that empower children to take 
initiative, plan, make decisions, take action, 
and present their ideas, with support from 
instructors or experienced facilitators. The 
manual also stresses the importance of 
collaborative learning by facilitating 
interactions between children and between 
children and adults in an environment that 
fosters a warm, joyful atmosphere 
conducive to learning. This approach 
encourages children to engage in 
cooperative activities in various ways.   

In line with the National Educational 
Standards, B.E. 2561 (2018) [8] stated that 
the desired educational outcomes 
accumulate characteristics of early 
childhood education to have well-rounded 
development and balance; attend to learn, 
and control oneself to do proper things. 

Moreover, the Guidelines for Quality 
Assessment by Educational Standards for 
Early Childhood Education according to the 
Office of the Basic Education Commission 
[2] consisted of the quality of learners, 
administrative and management process, 
and child-centered experience 
management. 

Meanwhile, UNICEF Regional Office 
for South Asia [14] must enhance the 
efficiency of monitoring and supportive 
supervision efforts. The monitoring system 
in childcare centers plays a crucial role in 
ensuring service quality and could be 
expanded to cover the preschool education 
sector. However, a major obstacle to its 
effectiveness, as indicated in the review 
materials, is the limited capacity of both 
institutions and individuals, particularly the 
professional understanding at the provincial 
level, to conduct effective monitoring and 
offer mentorship support. Therefore, it is 
essential to focus on capacity building for 
officials, especially at decentralized 
implementation levels, as it is integral to 
ensuring and maintaining service quality. 

Likewise, Kanyayon [4] revealed that 
the framework for enhancing educational 
quality via the school's internal supervision 
process comprises several stages. These 
stages encompass initial preparation, 
identifying responsible personnel and 
managing the information system, defining 
the roles and responsibilities for both 
supervisors and those under supervision, 
creating participatory internal supervision 
plans, executing the supervision process 
and implementing the plan, conducting the 
actual supervision, overseeing the process, 
conducting follow-up activities, employing 
various assessment tools for monitoring, 
evaluating the effectiveness of supervision, 
wrapping up the supervision efforts, 
proposing recommendations and solutions, 
and documenting the supervision in a 
report. 

'Internal supervision management' in 
Thailand refers to the processes and 
systems used by organizations and 
institutions to oversee their internal 
operations. This includes activities like 
monitoring employees, coordinating 
projects, ensuring quality, and managing 
the organization's governance. It involves 
setting standards and procedures for 
internal supervision and promoting 
collaboration between supervisors and 
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those being supervised. This collaboration 
includes tasks such as analyzing the 
situation, planning supervision, creating 
tools, conducting supervision, and 
evaluating its results. 

However, as a teacher of early childhood 
in charge as a deputy administrator under 
the OBEC, realize the importance of early 
childhood education, especially in the first 
five years of life, which is considered the 
best time for learning. Understanding child 
development has many positive effects on 
teachers. One good result is that it helps 
teachers better understand the learning 
process of children, also plan courses. 
Teaching and learning can be more 
appropriate for each child according to their 
potential. As for supervision, it is 
considered the heart of developing the 
quality of learning management. Another 
good result is that teachers receive good 
advice. Moreover, they develop oneself as 
advised by the supervisor and have worked 
together to develop the process to proceed 
correctly. It will help increase teachers' 
confidence in learning management. It 
helps teachers understand children's 
learning processes better; that is, learners 
receive quality processes, learn with 
curiosity, and are more willing and ready to 
learn. Therefore, the researcher, as 
educational personnel directly involved in 
early childhood education, sees that internal 
supervision affects the quality of early 
childhood children, and wants to develop 
internal supervision management according 
to the quality standards of early childhood 
education in educational institutions under 
the OBEC. This is for the benefit of 
developing early childhood education in the 
future. 

 
2. Research Questions 

2.1 What are the synthesized results of 
the relevant documents and confirm the 
elements of internal supervision 
management according to standards of the 
early childhood education schools under the 
OBEC? 

2.2 What are the present situations, 
management problems, and feasible 
guidelines of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC? 

2.3 What are the components of a 
development model of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC? 
 
3. Research Objectives  

3.1 To synthesize the relevant 
documents and confirm the elements of 
internal supervision management according 
to the standards of the early childhood 
education schools under the OBEC. 

3.2 To investigate the present situations, 
management problems, and feasible 
guidelines of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC. 

3.3 To develop a model of internal 
supervision management according to the 
standards of the early childhood education 
schools under the OBEC. 
 
4. Materials and Methods 

The research procedures were operated 
in three phases, as follows:  

Phase 1: The synthesizing of the 
relevant documents and confirming the 
elements of internal supervision 
management according to standards of the 
early childhood education schools under the 
OBEC. The statical used was frequency. 

Phase 2: The investigation of the present 
situations, management problems, and 
feasible guidelines of internal supervision 
management according to standards of the 
early childhood education schools under the 
OBEC. Key informants consisted of early 
childhood teachers with more than one-year 
experiences and academic teachers in 
charge of early childhood education in eight 
provincial schools under the OBEC in the 
upper north region, for a total of 16 
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respondents. An instrument used was an in-
depth interview form using the synthesis 
core elements from phase 1 to be inquiry 
issues, consisting of four elements 1) 
planning, 2. organizing, 3) leading, and 4) 
controlling. The content analysis was used 
to classify by issues. 

Phase 3: The development of a model of 
internal supervision management according 
to the standards of the early childhood 
education schools under the OBEC was 
classified into two steps:  

Step 3.1: A model of internal 
supervision management according to the 
standards of the early childhood education 
schools under the OBEC was drafted by the 
research team based on the synthesis results 
from Phase 1 and the investigation results 
from Phase 2 to classify significant issues 
comprising of five components: 1) 
principles; 2) objectives, 3) operational 
procedures, 4) evaluation, and 5) conditions 
for achievement.  
 
 

 
The research framework is explained in Figure 1. 
 
 
 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

Step 3.2: The verification of the 
accuracy and suitability of a model of 
internal supervision management according 
to the standards of the early childhood 

education schools under the OBEC was 
conducted by key informants comprised 
fifteen experts selected by purposive 
sampling. They were lecturers, supervisors, 

Figure 1: Research framework 

Education Standards for 
Early Childhood Level 

consisted of: 
1. Quality of learners 
2. Administrative and 
Management Process 
3. Child-centered experience 
management 

A model of internal 
supervision management 
according to standards of the 
early childhood education 
schools under the OBEC 
comprised of five 
components  
1. Principles 
2. Objectives 
3. Operational procedures 
consisted of  

3.1 Plan (P) 
3.2 Act (A) 
3.3 Observe (O) 
3.4 Reflecting (R) 

4. Evaluation 
5. Conditions for achievement 

The verifying of 
the model of 
internal 
supervision 
management 
according to 
standards of the 
early childhood 
education schools 
comprised of five 
components 
- Accuracy. 
- Suitability. 

Basic elements and 
confirmation of internal 
supervision management 

according to the standards of 
the early childhood education 

schools under the OBEC 

The present situations, 
management problems, and 

feasible guidelines 
1. Planning 
2. Organizing 
3. Leading 
4. Controlling 
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school administrators, and early childhood 
teachers. The instruments used were a draft 
model and a verification form.  

The results of the verification were 
analyzed with frequency and percentage. 
The research framework is explained in 
Figure 1. 

 
5. Results and Discussion  

The research procedures were divided 
into three phases as follows:  

Phase 1: After the confirmation, the 
results of synthesis of the elements of 
internal supervision management according 

to the standards of the early childhood 
education schools under the OBEC 
consisted of four elements: 1) planning, 2. 
organizing, 3) leading, and 4) controlling. 
[6]   

Phase 2: The results of investigating the 
present situations, management problems, 
and feasible guidelines of internal 
supervision management according to the 
standards of the early childhood education 
schools under the OBEC are shown in 
Table 2.  
 

 

Table 2: Results of investigating the current situations, management problems, and feasible 
guidelines 

 
The present situations The management problems The feasible guidelines 
Planning 
- Ensure that planning is the core 
principle of OBEC standards for 
Early Childhood Education. 
- These plans are not designed in 
line with National Education 
Standards 2018. 
- The planning process does not 
ensure alignment with the OBEC 
standards for Early Childhood 
Education. 
- The digital platforms or 
applications are not used for data 
collection and analysis. 

- Lack of setting clear and 
specific objectives for their 
internal supervision processes.  
- Lack of challenge to measure 
the effectiveness of supervision 
activities. 
- Leading to inconsistencies in 
the quality of supervision. 
- Inadequate use of data collected 
during supervision for planning 
purposes. 
- Leading to confusion among 
supervisors and teachers about 
the intended outcomes. 
- Limited financial resources to 
develop comprehensive 
supervision plans. 

- Review and update plans regularly 
to reflect changes in standards. 
- Define clear and measurable 
objectives for internal supervision 
management. 
- Planning on data collected through 
assessments, observations, and 
evaluations for improvement. 
- Maintain all planning activities, 
including supervision plans, goals, 
timelines, and responsibilities. 
- Plan supervision activities that 
focus on academic achievement. 
- Involve parents and local 
community members in the 
supervision management to support 
early childhood education. 

Organizing 
- Ensure that team members have 
the required qualifications and 
expertise. 
- Schools carefully organize their 
supervision teams 
- Ensure that schools allocate 
resources to training supervisors. 
- Early childhood education 
institutions might establish 
collaborative networks with 
other schools. 

- Struggle to appoint qualified 
supervisors with the necessary 
expertise in early childhood 
education. 
- Organize inadequate allocation 
of resources for training, 
assessment tools, and 
technology. 
- Supervision team members 
disrupt the internal supervision 
processes. 
- Some supervisors lead to 
conflicts or difficulties in 

- Appoint qualified supervisors with 
expertise in early childhood 
education and supervision 
techniques. 
- Provide ongoing professional 
development to stay updated with 
the best practices. 
- Allocate resources to support 
internal supervision management. 
- Clarify roles and responsibilities, 
encourage collaboration, and 
provide opportunities for team 
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The present situations The management problems The feasible guidelines 
coordinating supervision 
activities. 

members to share insights and 
expertise. 
- Encourage cross-functional 
collaboration by involving 
educators, administrators, and 
support staff in supervision teams. 

Leading 
- Provide leadership for the 
professional development of 
teachers and supervisors 
- School administrators play a 
crucial role in providing 
constructive feedback to teachers 
and staff based on supervision 
outcomes. 
- Encourage a culture of 
reflection among teachers 
engaging in self-assessment. 

- There might be resistance 
among educators to receiving 
feedback from supervisors. 
- Lack of receiving adequate 
opportunities for professional 
development. 
- Educators and supervisors 
resist changes in internal 
supervision practices. 
- School administrators lack the 
necessary leadership skills to 
inspire and motivate teams 
effectively. 

- School administrators should 
model best practices, provide 
guidance, and motivate educators 
and supervisors toward continuous 
improvement. 
- Promote specific feedback is used 
for professional development to 
teachers and staff.  
- Invest in ongoing professional 
development for educators and 
supervisors. 
- Implement mentoring and 
coaching programs within the 
supervision process. 

Controlling 
- Ensure to conduct regular 
assessments of supervision 
activities. 
- Ensure to control of teacher 
qualifications 
- Ensure to control the quality of 
education in accordance with 
OBEC standards for Early 
Childhood Education. 
 

- Inadequate monitoring of 
internal supervision processes. 
- Challenge to follow standards 
and national regulations. 
- Lack of the capability to 
analyze data comprehensively. 
- Lack of quality assurance 
mechanisms. 
- Restrict the sharing of 
information. 
- Lack of evaluation of the 
outcomes of internal supervision. 
- Insufficient mechanisms for 
sharing feedback  

- Monitor the implementation of 
internal supervision plans and assess 
their effectiveness. 
- Develop data analysis skills among 
teachers to identify trends and areas 
for enhancement. 
- Establish quality assurance 
mechanisms. 
- Maintain a well-functioning 
feedback loop among supervisors 
and teachers. 
- Establish a culture of continuous 
improvement by regularly 
reviewing and updating internal 
supervision processes.  

 
According to the situation of the 

COVID-19 epidemic, Saengthong, et al. 
[12] illustrated that the outbreak had a rapid 
impact on the need for changes in how 
learning was managed. Both teachers and 
students were affected because they were 
unprepared for this new era of education. 
To address the challenges of teaching and 
learning, schools turned to the internal 
school supervision process as a solution. 
Therefore, it became essential to explore 
new supervision approaches that aligned 
with the evolving learning methods. 

Blended supervision emerged as a 
promising alternative, suitable for the "new 
normal" era. It involves a balanced 
combination of face-to-face and online 
supervision, leveraging the supportive 
nature of school staff and creating an 
effective online supervision platform to 
enhance the overall effectiveness of 
supervision. 

Similar to the findings of Somrit, 
Ouppinjai, & Wetcha [13], it revealed that 
the process of supervision administration in 
a school involves five steps: 1) supervision 
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planning, analyzing data, studying 
problems, educating personnel, 
implementing the plan, building morale 
among supervisors, and reporting results. 
The school's administrative and academic 
departments lead the supervision process, 
using various supervisory formats and 
activities. The results are then used for 
improvement and joint planning between 
supervisors to enhance the teaching and 
learning process. 

In line with the guidelines for enhancing 
educational quality, the school's internal 
supervision process encompasses various 
stages. These include initial preparation, 

identifying responsible individuals and 
managing the information system, defining 
roles and responsibilities for both 
supervisors and those being supervised, 
creating participatory internal supervision 
plans, executing the supervision process 
and implementing the plan, conducting the 
actual supervision, overseeing the process, 
conducting follow-up activities, employing 
various assessment tools for monitoring, 
evaluating the effectiveness of supervision, 
concluding the supervision effort, 
proposing recommendations and solutions, 
and documenting the supervision in a 
report. [4] 

 

 
Figure 2: The completed model of internal supervision management according to standards of 
the early childhood education schools under the OBEC 
 

Phase 3: The development results of a 
model of internal supervision management 
according to the standards of the early 
childhood education schools under the 
OBEC were as follows: 

Step 3.1: A draft model of internal 
supervision management according to 
standards of the early childhood education 
schools under the OBEC consisted of five 
components: 1) principles, 2) objectives, 3) 

operational procedures, consisting of 3.1) 
plan (P), 3.2) act (A), 3.3) observe (O), and 
3.4) reflecting (R); 4) evaluation, and 5) 
conditions for achievement. 

Step 3.2: The verification results of the 
model of internal supervision management 
according to standards of the early 
childhood education schools under the 
OBEC in terms of accuracy was overall at 
the highest level (95.20 percent) and the 
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suitability was overall at the highest level 
(96.54 percent). 

The model of internal supervision 
management according to standards of the 
early childhood education schools under the 
OBEC after verifying and correcting is 
shown in Figure 2. 
A model name is POOEC.  
 

The model of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC consisted of five components: 1) 
principles, 2) objectives, 3) operational 
procedures of 3.1) plan (P), 3.2) act (A), 
3.3) observe (O), and 3.4) reflecting (R); 4) 
evaluation, and 5) conditions for 
achievement. The model is in accordance 
with Runcharoen’s [11], proposed in the 
professional in educational management 
and administration in the educational 
reform era, which comprises six essential 
components: principles, objectives, system 
and mechanism, operational approaches,  
evaluation guidelines, and requirements for 
accomplishment. 

Similarly, Ekemezie & & Anyaogu [3] 
indicated that the responsibilities of school 
principals in internal supervision to 
enhance teacher quality and standards 
encompass several tasks. These include 
fostering and facilitating teacher growth 
and development, supporting novice 
teachers in their professional growth by 
assisting them in adopting effective 
teaching methods, promoting 
extracurricular activities within the school, 
and ensuring the proper maintenance of 
financial records. However, various 
obstacles hinder the effective 
implementation of quality internal 
supervision for teacher development. These 
challenges include some principals' 
inadequacy in managing certain mandatory 
records, dealing with an excessive number 
of senior staff within the school, and the 
non-employment of lower-ranking 
teachers, among other issues. 

Likewise, Pongsaranuntakul, et al. [6] 
concluded that enhancing quality through 
the initial three phases of participatory 
activities, which involve self-assessment, 
empowering for change, and revising for 
improved outcomes, is crucial for preparing 
individuals in the process to elevate the 
center's quality to meet sustainable 
standards. Healthcare professionals can 
actively contribute to this collaborative 
development process, leading to the 
establishment of high-quality childcare 
centers that ensure preschool children 
receive appropriate care and experience 
age-appropriate growth and development. 

On the other hand, Kosanpipat, 
Anussornrajakit, & Kongruang [5], in the 
early childhood education program at the 
Faculty of Education, Chiang Mai Rajabhat 
University, outlined objectives as follows: 
providing instruction, enhancing 
comprehensive skills, delivering lessons, 
conducting research, offering academic 
services to the community, promoting 
advancements, sharing knowledge, 
fostering innovation, preserving arts and 
culture, producing educators, and elevating 
the academic standing of instructors.  

 . 
6. Conclusion 

The model of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC offers several significant 
benefits. This approach provides a 
structured and systematic framework for 
schools, ensuring that they meet and 
maintain the required educational 
standards. It promotes professional 
development among educators and staff, 
enabling them to continually enhance their 
teaching and caregiving skills. This model 
provides a structured framework for 
schools to ensure and enhance the quality of 
education and care provided to young 
children. It helps maintain established 
standards and regulations, promotes 
effective teacher development and growth, 
and facilitates the continuous improvement 



Interdisciplinary Research Review                                                                                                                                     39 
 
 

of teaching and learning practices. 
Furthermore, this model facilitates the 
creation of a safe and nurturing 
environment for young children, which is 
essential for their holistic development. By 
adhering to these standards and utilizing the 
internal supervision model, Thai early 
childhood education institutions can ensure 
the delivery of high-quality education and 
care to preschoolers, ultimately 
contributing to their overall growth and 
development. In summary, the application 
of the internal supervision management 
model aligned with the OBEC’s standards 
elevates the quality of early childhood 
education in Thailand, benefiting both 
educators and the children they serve.  
 
7. Recommendations   

7.1 The development model of internal 
supervision management according to the 
standards of the early childhood education 
schools under the OBEC can be applied to 
educational management with a quality 
process. 

7.2 The feasible guidelines can be 
adopted to drive the internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC for developing the quality of 
learners, administrative and management 
process, and the process of teaching and 
learning that focuses on child-centered. 
 
8. Recommendation for Further Research   

8.1 There should be a study of the 
development model of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC all over the region. 

8.2 There should be a study of an 
integrated model of internal supervision 
management according to the standards of 
the early childhood education schools under 
the OBEC all over Thailand. 
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