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Abstract

Web-based examination system has been popular in the most common forms of technology
enhanced assessment. Bloom’s Taxonomy is widely used as a classification scheme to determine different
levels of cognitive competencies. The objectives of this research are to 1) design and develop the web-based
examination system applying Bloom’s taxonomy to classify educational learning objectives 2) examine the
users’ satisfaction with the web-based examination system applying Bloom’s taxonomy to classify
educational learning objectives. In addition, the system can analyze the item’s difficulty. There are 3 user
groups. 1) teacher 2) student and 3) system administrator. The system architecture consists of 4 modules: 1)
question management module 2) examination module 3) analysis module and 4) system management
module. The results indicated that the average satisfaction level was good, the average was 4.25, the standard
deviation was 0.76 and an average percentage of user satisfaction was 85.00. A system is a tool that analyzes
the results of exams for cognitive competencies according to Bloom's Taxonomy. Teachers are aware of the

learning problems of each student to adjust the teaching accordingly.
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Bloom’s Taxonomy

Produce new or original work
& e Design, construct, conj . devefop, formulate, author, investigate

Justify a stand or decision
eva I uate appraise, argue, defend, judge, select. support. value, critique, weigh

A Draw connections among ideas
\2.\.‘ differentiate, organize, refate, compare, contrast, distingulsh, examine,
"\ experiment, question, test
-,

analyze

Use information in new situations
execute, impiement, solve, use, demonsirate, interprel, operate,
schedule, sketch

Explain ideas or concepts
| . describe, discuss, , ( focate, '
understand clssiy eseribe, disous, expioh, ideny loote recoghie

Recall facts and basic concepis
define, duphicate, ifst, rize, rep

Al 1 M59ndUNveIUgH (Bloom’s Taxonomy) (Center for Teaching, 2021)
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Login result user/password
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Web-Based Examination System
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ANALYSIS
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Abstract

The structural, electronic and magnetic properties of GeTe semiconductors doped with several
transition metals are determined by the spin density functional theory. Due to the formation energies, (Ge,
Cr)Te is the most stable among all doped systems. The incorporation of transition metals convinces the
reduction of lattice parameters and volumes. The total magnetization is mainly contributed from transition
metal, Te and Ge atoms, respectively. The p-d exchange hybridization gives rise to the magnetism. (Ge, Mn)Te
is the semiconductor with a reduced band gap. Co, Ni and Cu impurities convert semiconductor to metal.
Possibility of p-type half metallicity in V-, Cr- and Fe-substituted GeTe is achieved. Finally, the theoretical
work delivers the valuable clues for improving the understanding of transition-metal doping impacts and

sheds some light on the exploration of spintronic materials based on transition-metal doped GeTe.
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Introduction

Diluted masgnetic semiconductors have been investicated in the recent years because of their
outstanding prospective in the spintronic applications (Dietl, 2007; Dietl, 2007; Ohno et al., 2002; Wolf et al.,
2006). For the utilization in the spintronic applications, it is highly necessary to find new half-metallic materials
well-suited with semiconductors (Dietl et al., 2014). This efficiency is triggered by the mixture of
semiconductor band gap manipulation and tunable magnetic properties into a single semiconductor system.
At the moment, there are three main groups of diluted magnetic semiconductors such as II-VI, llIl-V and IV-VI
semiconductor group. II-VI and llIl-V semiconductor groups have been in an expansive focus of the interest,
while so far less discovered materials are IV-VI compounds. Since the introduction of manganese (Mn) in the
GeTe host successfully transformed it into the dilute magnetic semiconductor (Rodot et al., 1966; Cochrane
et al,, 1974). GeTe semiconductors doped with 3d transition metals have been paid the substantial attention
in term of theoretical and experimental viewpoints. In term of theoretical study, Zhao et al. (2006)
implemented the density functional method to investigate various ternary transition-metal GeTe
semiconductors in rock-salt phase. The half-metallic ferromagnetic performance was found in Cr- and V-
substituted GeTe compounds. (Ciucivara et al. (2007) determined the magnetization of the Mn and hole
densities using GGA+U technique. The total magnetization approximately increased up to x of 0.5 and then
dropped beyond that. The magnetic properties of GeTe in both rock-salt and zinc-blende phase doped with
V, Cr, and Mn were conveyed using density functional study by Liu et al. (2012) Some of the studied
compounds were half metallic. Aside from the theoretical study, there is a large body of experimental
research. For example, Fukuma et al. (2007) fabricated the Gei«CrsTe ferromagnetic semiconductor with Curie
temperature close to 180 K using molecular-beam epitaxy. J. D. Liu et al. (Liu et al., 2013) studied the magnetic
and transport performances of GegosFeoozTe thin film. The relatively high Curie temperature with 160 K was
obtained. For Mn doping in GeTe semiconductor, there have been various experimental works. Fukuma et al.
(2008) tried to grow the Gei,MnyTe diluted magnetic semiconductor by means of molecular beam epitaxy.
The ferromagnetic order and Curie temperature of 100 K were gained. Zvereva et al. (2010) investigated the
magnetic properties and electron spin resonance of GeixMn,Te diluted magnetic semiconductors with x
ranging from 0.07 to 0.44. The Curie temperatures were amplified with increasing Mn contents with the high
value of 90 K. Exhausting the molecular beam epitaxy, GeixMn,Te with Mn content (x=0.5) was grown by
Lechner et al. (2010) The phase separation was induced. Lim et al. (2011) and Lim et al. (2011) presented the
magnetotransport studies of GeixMn,Te ferromagnetic semiconductor in the presence of the hydrostatic
pressures. The natural properties of Gei1xMn,Te ferromagnetic semiconductor were mainly sensitive with the
applied pressures.

All of the above-mentioned studies activate my interests to explore for more transition metals
doping in GeTe semiconductors, especially in the hardly studied transition metal cases. In view of the large
body of obtainable experimental work, we embark on a systematic theoretical study of the GeTe
semiconductors doped with several transition metals (V, Cr, Mn, Fe, Co, Ni and Cu) in order to discover the
emergence of half-metallic behavior. Utilizing the generalized gradient approximation (GGA) with exchange
functional proposed by the Perdew, Burke and Ernzerhof (PBE) (Perdew et al., 1996) in the CASTEP package
(Clark et al., 2005; Segall et al., 2002), these atomistic properties of GeTe semiconductors doped with different
transition metals are declared and analyzed. The remaining part of this manuscript is outlined as follows. In
Section 2, we concisely describe the structures and elucidate the first-principle calculations. The main results
of each configuration including the lattice parameters, volumes, formation energies, band gaps,
magnetizations, electronic band structures, density of states and partial density of states are presented in
Section 3. The mechanism for the half metallic emergence in these compounds is analyzed. These
calculations open the gate for further utilization of these materials for the spintronic applications. Finally, a

conclusion is successfully presented.
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Theory and Methodology

The observed structural, electronic and magnetic properties of GeTe semiconductors doped with
several transition metals are discussed in the theoretical context. This scenario is determined by the spin
density functional theory with the help of CASTEP package for all calculations. In this manuscript, the
exchange-correlation potentials are utilized under the generalized gradient approximation (GGA) proposed by
Perdew et al. (1996) The extension of the plane wave function basis up to 520 eV is used throughout these
calculations. Using MonkhorstePack method, the Brillouin zone incorporation is performed over the 4x4x4
grid. GeTe crystallizes in rock-salt phase at the equilibrium condition. (Fukuma et al., 2007; Fukuma et al,,
2008; Fukuma et al., 2001) Hence, rock-salt GeTe semiconductor with a space group of Fm3m is a modelling
structure. Taking all these parameters into the consideration, the calculations of bulk GeTe semiconductor
are used to primarily verify the precision of the computational method. The lattice constant of GeTe is 6.009
A which agrees well with the literatures (6.016 A (Liu et al., 2016), 5.996 A (Tung et al., 1969), 5.862 A (Okoye,
2002), 5.995 A (Okoye, 2002) and 5.996 A (Seddon et al., 1976)). In addition, the band gap of GeTe with 0.346
eV consents with the previous data (0.23 eV (Lewis, 1973), 0.20 eV (Chang et al., 1966; Tsu et al., 1968), 0.244
eV (Okoye, 2002) and 0.201 eV (Okoye, 2002)). Consequently, this employed technique is appropriate to
further study the electronic and magnetic properties of GeTe semiconductor with Ge replacement by
transition metals like V, Cr, Mn, Fe, Co, Ni and Cu. For the inquiries, the substitutional method is used to
define the doped systems. A 2x1x1 pure GeTe supercell containing 16 atoms is generated as exemplified in
Figure 1. Latter, one of Ge atoms in the supercell is substituted by transition metal to set the transition-metal
doped GeTe. All transition-metal doped GeTe are fully minimized by the Broyden-Fletcher-Goldfarb-Shanno
(BFGS) algorithm (Broyden, 1970; Fletcher, 1970; Goldfarb, 1970; Shanno, 1970). The convergence benchmark

of the total energy, maximum force, the maximum stress and maximum displacement are 2.0x10° eV/atom,

1.0x10° eV/A, 0.05 GPa and 0.001 A, respectively. For the analysis, the electronic and magnetic properties
consisting of lattice parameters, volumes, formation energies, band gaps, magnetizations, spin-polarized band
structures, density of states and partial density of states are calculated for the equilibrium lattice parameters.
Gaussian smearing technique with a smearing value of 0.1 eV is used to evaluate the total and partial density

of states.

Results and discussions

This work systematically presents the results for the structural, electronic and magnetic properties
of GeTe doped with several transition metals like V, Cr, Mn, Fe, Co, Ni and Cu from the perspective of
spintronics. Here, we shed light on the problem of transition-metal doped GeTe compounds using the
generalized gradient approximation (GGA) with the Perdew-Burke-Ernzerhof (PBE) exchange functional. In
general, the doping can simultaneously affect the electronic and magnetic properties of the studied materials.
First, the formation energies of GeTe with Ge substitution by transition metal are itemized in Table I. The
formation energies of GeTe with Ge substitution by transition metals (TM) are calculated from this relation,
E' (TM) = Epype (TM) —E e — (M —Hee) - Here, ET(TM) is the formation energy of GeTe doped with the

studied transition metal. E,__(TM) is the total energy of the doped GeTe and E_, . is the total energy of

Dope pure
the pure GeTe. pqy, is the chemical potential of transition metal and pg, is the chemical potential of Ge
atom. The chemical potential () is computed from the free atom energy. For the calculations, the free

atom is placed in the center of a very huge empty cubic box with lattice constant of 30 atomic units. As can
be seen from the formation energies, (Ge, Cr)Te is the most stable among all doped structures. To perceive
the change in the structural properties by different transition metals, Table Il lists the lattice parameters and
volumes. The incorporation of transition metals causes significant decreases of lattice parameters and

volumes. This is due to the fact that radius of host (143 pm) is greater than one of the impurities as itemized
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in Table II. In addition, the band gaps of GeTe semiconductors doped with different transition metals are
itemized in Table Il. Mn doping in GeTe remains a semiconductor with a decreased band gap, whereas the
others are metallic. The insight on the magnetic properties is gained by analyzing the magnetic moments of
each element as exposed in Table Il. The key contributions to the total magnetization are mainly from
transition metal, Te and Ge atoms, respectively. The high-to-low net magnetic moments are observed in (Ge,
Mn)Te, (Ge, Cr)Te, (Ge, Fe)Te, (Ge, V)Te, (Ge, Co)Te, (Ge, Ni)Te and (Ge, Cu)Te, correspondingly. A schematic
diagram of the spin-polarized band structure of pure GeTe semiconductor is illustrated in Figure 2 under
different spin channels along the symmetry paths in the irreducible Brillouin zone. The symmetry between
the alpha and beta spin channel reflects the semiconducting behaviour. The insight on the effect of the
transition metal dopants on the spin-resolved band structures is achieved in Figure 3 computed along the
high symmetric paths in the first Brillouin zone. GeTe with the substitution of transition metals demonstrate
the spin-polarized band structures, exhibiting the magnetism. (Ge, Mn)Te is categorized as semiconductor. V,
Cr and Fe doping in GeTe semiconductor are half metallic. In (Ge, V)Te and (Ge, Cr)Te, alpha spin channel is
metal but beta spin channel is semiconductor. In (Ge, Fe)Te, alpha spin channel remains semiconductor but
beta spin channel is metal. (Ge, Co)Te, (Ge, NiJTe and (Ge, Cu)Te are characterized as metal because the
Fermi level is crossing through the conduction and valence bands. Hence, V, Cr and Fe doping in GeTe
semiconductor are the promising dilute magnetic semiconductors which are appropriate for spintronic

applications.

Figure 1: The 2x1x1 GeTe supercell in zinc-blende phase.

Table 1: The formation energies of GeTe with Ge substitution by V, Cr, Mn, Fe, Co, Ni and Cu.

Ge substitute Formation energy (eV)
(Ge, V)Te -3.840
(Ge, Cr)Te -6.481
(Ge, Mn)Te -3.866
(Ge, Fe)Te -5.346
(Ge, Co)Te -3.867
(Ge, Ni)Te -0.484
(Ge, Cu)Te 1.120
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Alpha Beta

%

Figure 2: Spin-polarized band structures of GeTe.

Table 2: The calculated lattice parameters, volumes, band gaps and magnetic moments of GeTe with Ge
substitution by the transition metals (TM =V, Cr, Mn, Fe, Co, Ni and Cu).

parameters GeTe (Ge, V)Te | (Ge, Cr)Te (Ge, (Ge, Fe)Te (Ge, (Ge, Ni)Te (Ge,
Mn)Te Co)Te Cu)Te
a (A ) 12.017 11.943 11.938 11.963 11.874 11.854 11.821 11.868
b (,& ) 6.009 5.946 5.947 5.969 5.945 5.925 5917 5.928
c (,& ) 6.009 5.945 5.947 5.971 5.941 5.921 5917 5.937

Volume (,&3) 433.855 | 422.135 | 422.228 | 426.345 | 419.405 | 415862 | 413.874 | 417.651

Radius of the
dopant (pm)

- 132 125 124 124 125 125 128

Band gap (eV) 0.346 0.000 0.000 0.143 0.000 0.000 0.000 0.000

M g () 0.000 3.741 5.191 5.058 4.051 3.030 2.013 1.007
Mg, (15) 0.000 0.110 0.120 0.020 0.090 0.090 0.070 0.030
My, (kg) 0.000 0.160 0.220 0.020 0.100 0.130 0.150 0.140
Moy, (1) 2 3.120 4.450 4.840 3.530 2.250 1.030 0.170

To explore the intrinsic origins of magnetism, it is necessary to understand the orbital contributions
localized in these compounds. Here, we shed light on this task by means of total and partial density of states.
For the demonstration, the total and partial density of states of undoped GeTe and transition-metal doped
GeTe are plotted in Figure 4. The alpha spin and beta spin channel of GeTe are symmetric and display the
semiconductor. The conduction bands close up to the band edge are mainly derived from Ge-p states. In
the region with the energy greater 2.0 eV, the conduction bands are generated from the couple of Ge-p and
Te-p states. The valence bands are mainly initiated from Te-p states. The mixture of Ge-p and Te-p states
are also dominated in the valence bands with the energy lower than -2.0 eV. When incorporating GeTe with
transition metals, both spin channels are not symmetric. V, Cr, Fe, Co, Ni and Cu induce the d orbital across
or nearby the Fermi level. Mn introduces the d orbital close to the conduction band edges, thus responsibility
to reduce the band gap. The existence of the exchange hybridization between d states of the transition metal
and Te-p states gives rise to the magnetism, called p-d exchange hybridization. Both spin channels of (Ge,
Mn)Te are fully occupied, making it the semiconductor with a reduced band gap. (Ge, Co)Te, (Ge, Ni)Te and
(Ge, Cu)Te become metallic because both spin channels are partially filled. In (Ge, V)Te and (Ge, Cr)Te, alpha
spin channel is partially occupied but beta spin channel is fully occupied. In (Ge, Fe)Te, alpha spin channel
remains fully filled but beta spin channel is partly filled. Hence, V, Cr and Fe doping transform the

semiconducting to half metallic performance. The hybridization of d states of V, Cr and Fe with Te-p states
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provides a gap with spin polarization of 100% at Fermi level. The p-type carrier is additionally demonstrated
in V-, Cr- and Fe-doped GeTe semiconductor because of the strong p-d exchange hybridization nearby the
Fermi level. Finally, this work demonstrates the numerical results with the aim to provide some theoretical
guidance to experimentalists attempting to fabricate the transition-metal doped GeTe materials indeed

appropriate for spintronic devices.

Alpha Beta

(Ge,V)Te g

(Ge,Cr)Te g

(Ge,Mn)Te .

(Ge,Fe)Te

(Ge,Co)Te

(Ge,Ni)Te

(Ge,Cuw)Te

Figure 3: Spin-polarized band structures of (Ge, V)Te, (Ge, Cr)Te, (Ge, Mn)Te, (Ge, Fe)Te, (Ge, Co)Te, (Ge,
Ni)Te and (Ge, Cu)Te.
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Figure 4: The total and partial density of states of GeTe, (Ge, V)Te, (Ge, Cr)Te, (Ge, Mn)Te, (Ge,
Fe)Te, (Ge, Co)Te, (Ge, Ni)Te and (Ge, Cu)Te.

Conclusion

By means of spin density functional calculations, we reveal that the transition metals play a
strategic role in tuning the structural, electronic and magnetic properties of rock-salt GeTe semiconductors
doped with various transition metals. Through the formation energies, (Ge, Cr)Te is the most stable among
all doped systems. The introduction of transition metals decreases the lattice parameters and volumes

because the radius of host is larger than one of the impurities. In addition, the source of the net magnetic
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moment is correspondingly donated from transition metal, Te and Ge. In the presence of the transition-metal
dopants, the spin polarization of the electronic band structures is illuminated. Using the partial density of
states, the magnetism is formed by p-d exchange hybridization with d orbitals from transition metal and p
orbitals from Te. Mn doping in GeTe remains the semiconductor with a condensed band gap. Co, Ni and Cu
change the GeTe semiconductor to metal. The p-type half metal is characterized in (Ge, V)Te, (Ge, Cr)Te and
(Ge, Fe)Te which become the dilute magnetic semiconductors. Finally, we believe that these computational
results will serve as a basis for developing a more cloudless picture of transition metals doping in GeTe

semiconductor for the spintronic applications.
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Abstract

Water convolvulus is an economically vegetable crop as it is widely consumed and contains high
nutrients. There is currently an increasing trend of pesticide-free and organic vegetables. Spent coffee grounds
(SCGs) is an alternative to make use of mixing into the soil for planting since it contained numerous plant
minerals which possibly promote water convolvulus production. The present work investigates the effect of
various soil-SCGs ratios on germination and growth of water convolvulus. Results of the study have shown
that there was no difference in germination percentage of the plants among SCG with soil 0, 5, 10, 15, and
20%, however, 5, 10 and 15% of SCG enhanced mean germination time and germination index. At 2 weeks
after planting, plants on soil containing 5% SCGs have larger stem dimensions, stem length, and more leave
number than those on soil containing 15 and 20% SCGs. At four weeks after planting, there was no difference
in the fresh and dry weight of the plants among the experimental soil mediums. On the other hand, the plant
on soil containing 0, 5 and 10% SCGs had higher root numbers than those 15 and 20% groups. There was an
increase in the pH value of all the experimental mediums. Therefore, mixing SCG into the soil in an

appropriate ratio was possible as an alternative to promote plant growth.

Keywords: Water convolvulus, spent coffee grounds, germination
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Abstract

The objective of this research is to present mathematical modeling of the market share of food
delivery companies using a system of a difference equation. It starts from studying the analytical model in
Markov chain form and then converts it into a system of a difference equation. To determine the parameters
of the model, 121 students were randomly assigned to answer a questionnaire on service return and service
satisfaction of each company. Both of these data are considered when calculating the parameters of the
model. A python program was used to calculate the model's solution to analyze the long-term market share
behavior of a food delivery company. According to the terms of the market share, 3 different conditions, it
was found that over the long term, the market share will converge to the same constant ratio in all three
cases. The result will be mathematical information that is useful for food delivery companies to be prepared

to manage both in terms of market and service.

Keywords: mathematical models, system of difference equations, market share
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Introduction

Mathematical modeling is an actual problematic activity in the form of a mathematical equation for
easy analysis, research and subsequent operations. A mathematical model is generated after the process is
complete and the descriptions associated with it provide useful information on the problem to be solved
(Fox, 2011; Giordano, Fox and Horton, 2013; Albright & Fox, 2019).

The Markov chain is a mathematical tool that applies probability theory by studying the behavior or
probability of operating a situation. Past and future situations are considered independent of each other.
When we know the current situation that is, if the current situation is known, there is no need for additional
information about the past situation to predict the future. This process reduces the amount of data even
more so that we can study or make predictions about the situation in the future. For this reason, the Markov
chain is applied in many fields. (Zhang & Zhang, 2009; Andrieu, Doucet and Holenstein, 2010; Vasanthi, Subha
and Nambi, 2011; Svoboda & Lukas, 2012; Myers, Wallin and Wikstrom, 2017; Bidabad & Bidabad, 2019; Yu &
Sato, 2019; Seebut, 2020).

For the study of market share of business competitors of the same type The Markov chain has been
applied to consider the market share. This has yielded good results (Kassa, Abrham and Seid, 2017). This study
examines and analyzes the market share of food delivery companies in the form of a Markov chain model.
The model helps to know the market trend of each food delivery company that they should plan their
customer service and increase their market share by some tactic.

However, it was found that analyzing the behavior of mathematical models with the Markov chain
is not convenient for the study of interested cases and long-term consideration of the model's behavior.
because it is in a form that cannot substitute variables and has an immediate solution This problem can be
solved by converting the Markov chain to a system of differential equations instead (Seebut, 2020). This

method allows to immediately find the result of the solution in the case of interest by substituting variables.

Modeling
For the study of market share of food delivery companies, two food delivery companies with major
competitors Food Panda and Grab food were selected. The market share of food delivery behaviors between

Food Panda and Grab Food was determined using the Markov diagram as follows:
I-p
p q
le=g

P is probability of customers returning to Food Panda service.

Set to

g is probability of customers returning to Grab Food service.
P is the state of the Food Panda service selection ratio.
G is the state of the Grab Food service selection ratio.
To determine the P and Q parameters, 121 customers were sampled to answer questionnaires
about each company's return to service and service satisfaction. The results of the analysis are as shown in

Figure 1.
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Figure 1. A bar chart showing customer satisfaction and a pie chart showing the percentage of

return for each food delivery company.

The result can be considered for the parameters P and ( as follows.

Consider the information obtained from a survey of Food Panda costumers.
According to the Food Panda customer satisfaction survey, the average score is 3.5818, so the
average score ratio is 3.5818/5.

The percentage of costumers who would like to use Food Panda again in the survey was 98.20%.

y [3.5818](98.20)
5 )\ 100
p=0.7035

Consider the information obtained from a survey of Grab Food costumers.

Consider the value

According to the Grab Food customer satisfaction survey, the average score is 3.7121, so the
average score ratio is 3.7121/5.
The percentage of costumers who would like to use Grab Food again in the survey was 100%.

_(3.7121)( 100
(5
q=0.7424
Substituting the values of P=0.7035 and q=0.7424 gives a new Markov diagram as follows:

Consider the value

0.2965

0.7035 ° e 0.7424

0.2576

From the Markov chain diagram, an equation can be written to analyze the proportion of market

share for each company in time n' using the following the system of difference equation:
P, =0.7035P, +0.2576G,

n+l

G,,, =0.2965P, +0.7424G,

(1

System of equation (1) can be converted into a matrix
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P.. ] [0.7035 0.2576]F,
G,,| |0.2965 0.7424| G,

P =ai",G, =bA"

Let
Substituting back into the system of equation we get that
[aA™| [0.7035 0.2576] al"
|ba™ | [0.2965 0.7424 | pi"
[a pree 0.7035 0.2576 || a T
b | 0.2965 0.7424 | b
[a 0.7035 0.2576 || a
A= 2)
b 0.2965 0.7424 || b

a 0.7035 0.2576
V= and M =
{b} {0.2965 0.7424}

Let

From the system of equation (2) we get that
MV =4V
(M-12)v=0
det(M —A1)=0

Applying knowledge of linear algebra will be

. . 0.8688
The eigenvalue 4, =1 corresponds to the eigenvector v, = 1|

-1
The eigenvalue A, =0.4459 corresponds to the eigenvector v, ={ 1 }

The general solution of the system of difference equation is
P, =0.8688c, —c, (0.4459)"

G, =, +¢,(0.4459)"

Solution with python program
Considering the model's solution in the system of equation (3), the study is divided into 3 cases as
follows:
Case 1 set the initial conditions (F,,G,)=(1,0).
When (PO,GO) = (1,0) is substituted into the model according to the system of equations (3) to determine the
values €, and C,, this initial conditional market share model is
P, =0.4649 +(0.5351)(0.4459)"
G, = 0.5351—(0.5351)(0.4459)n
Case 2 set the initial conditions (P,,G,)=(0.5,0.5)

(@)

When (PO , GO) = (0.5, 0.5) is substituted into the model according to the system of equations (3) to determine the

values ¢, and C,, this initial conditional market share model is

P, = 0.4649 +(0.0351)(0.4459)"
G, = 0.5351(0.0351)(0.4459)"
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Case 3 set the initial conditions (F,,G,)=(0,1)
When (PO,GO) = (0,1) is substituted into the model according to the system of equations (3) to determine the
values €, and C,, this initial conditional market share model is

P, = 0.4649 — (0.4649)(0.4459)"
G, = 0.5351+(0.4649)(0.4459)'

(6)

Consider numerical solutions to summarize the long-term behavior of the model as in the system of
equations (), (5), and (6) by writing a Python program to help calculate it. Figure 2 shows an example of

Python code used to calculate the numerical solution of a system of equations (4).
i & caselipynb

File Edit View Insert Runtime Tools Help Saving...

+ Code + Text

Q v ° from matplotlib import pyplot as plt
import numpy as np

<> x=float
y=float
=1l

(]

G=[1]

T=[]

n=int(input())

for i in range (@,n):

X=0.4649-(-0.5351)%(0.4459%%1)

y=0.5351+(-0.5351)%(0.4459%*1)

P.append(x)

G.append(y)

T.append(i)
plt.scatter(T,P,label="Pn")
plt.scatter(T,G,label="Gn")
plt.xlabel('n")
plt.ylabel( 'proportion')
plt.legend()
plt.axis([@,50,0,1])
plt.show()

Figure 2. The Python code to calculate the numerical solution of a system of equations (4).

Long-term behavior of solutions

From the operation of mathematical modeling on a system of difference equations, the solution in
each case of the initial value can be determined by substituting the value n, where 0<n <. The solution
can be summarized as follows.

In case of initial value (P,,G,)=(1,0)

It means that the proportion of the initial market share n=0, customers choose all Food Panda
services. The model analysis results show that the long-term market share behavior will converge to the
value of (0.4649,0.5351) as shown in Fig. 3a. The results in the graph show that over time, the share of market
share between food delivery choices between Food Panda and Grab Food was 0.4649 : 0.5351. Although
initially the ratio was 1 to 0, which means that initially 100% of customers opted for Food Panda, over time,

46.49% of customers opted for Food Panda and 53.5% opted for the service. of Grab Food.

In case of initial value (F,,G,)=(0.5,0.5)

It means that the proportion of the initial market share n=0, customers choose to use the services
of Food Panda and Grab Food, each half or equal. The model analysis results show that the long-term market
share behavior will converge to the value of (0.4649,0.5351) as shown in Fig. 3b. The results in the graph
show that over time, the share of market share between food delivery choices between Food Panda and
Grab Food was 0.4649 : 0.5351. Although initially the ratio was 0.5 to 0.5, which means that 50% of customers
choose Food Panda and Grab Food for the same amount, over time, 46.49% of customers opted for Food
Panda and 53.5% opted for the service of Grab Food.

dvanslag Az Inenmans un1InerageuasIvoril



170 | Journal of Science and Science Education Vol. 4 No. 2 (Jul — Dec 2021)

In case of initial value (F,,G,)=(1,0)

It means that the proportion of the initial market share n=0, customers choose all Grab Food services.
The model analysis results show that the long-term market share behavior will converge to the value of
(0.4649,0.5351) as shown in Fig. 3c. The results in the graph show that over time, the share of market share
between food delivery choices between Food Panda and Grab Food was 0.4649 : 0.5351. Although initially
the ratio was 0 to 1, which means that initially 100% of customers opted for Grab Food, over time, 46.49%

of customers opted for Food Panda and 53.5% opted for the service of Grab Food.
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Figure 3. The proportion of market share between Food Panda and Grab Food, where (a) the initial value
(P,,G,)=(10), (b) the initial values (P,,G,)=(0.5,0.5), and (c) the initial value (P,,G,)=(0,1).

Summary

Results from considering a system of difference equation related to food delivery service selection.
To illustrate the long-term behavior of food delivery service choices in the future as a result of model
interpretation, three initial conditions were studied and considered, with values (1,0), (0.5,0.5), and (0,1), all
of which could explain what case (1,0) means customers initially choose to use all Food Panda services, case
(0.5,0.5) means that customers initially choose Food Panda and Grab Food with equal proportions, and case
(0,1) means that customers initially choose all Grab Food. As a result, it appears that in all three cases, when
considering the long-term behavior of choosing a food delivery service from the model, the solution
converged to the point (0.4649,0.5351) same in all cases.

It can be interpreted that if one customer is wanting to choose a food delivery service. The likelihood
of a customer choosing Food Panda with a probability of 0.4649 and the likelihood of a customer choosing
Grab Food with a probability of 0.5351 or can be interpreted as a proportion of the two companies' market
share. This can be used to predict the customer that the n" market share has 100 customers who want to
choose food delivery service. From this model, it is predicted that the number of customers (100)(0.4649) =
46 people choose Food Panda and the number of customers (100)(0.5351) = 54 People choose Grab Food,

where this mathematical intelligence has the effect of preparing and improving the services of the two
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companies in order to effectively serve their customers and to come up with various strategies to increase
their company's market share.
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Abstract
In this paper, we study non-negative integer solutions of Diophantine equation 15° + 517 =7* where
X, y and z are non-negative integers. We show that the Diophantine equation has only one solution (x, y, )

= (1, 0, 4) in non-negative integers.
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Introduction

The Diophantine equations of type a" + b’ = c*have been studied (Acu, 2005; Acu, 2007; Suvarnamani,
Singta andChotchaisthit, 2011; Sroysang, 2012a; Sroysang, 2012b; Sroysang, 2012c; Sroysang, 2013, Rabago,
2013a; Rabago, 2013b; Rabago, 2013c; Rabago, 2013d; Rabago, 2013e). In 2005 (Acu, 2005), Acu studied
Diophantine equations of type a* + b’ = ¢”for primes a and b. In 2007 (Acu, 2007), Acu studied Diophantine
equations 2 + 5’ = Z°. In 2008 (Pumnea and Nicoar; 2008), Pumnea et al. studied Diophantine equations of
the form a*+ b’ = 72, for example: 2 + 77 =7%, 2+ 117V =7%and 2° + 13’ = Z* and. In 2011 (Suvarnamani, 2011),
Suvarnamani studied Diophantine equation 2° + p’ = z° where p is prime number which more than 2, he
found that (i) For each prime number p, this equation has a solution (x, y, z) = (3, 0, 3), (ii) For p = 3, the
Diophantine equation this equation has a solution (x, y, z) = (4, 2, 5) and (i) For p = 1 + 2U\where k is non-
negative integer, this equation has a solution (x, y, 2) = (2k, 1, 1+2k). In 2011 (Suvarnamani, Singta and
Chotchaisthit, 2011), Suvarnamani et al. studied Diophantine two equations 4* + 77 =z* and 4+ 117 =7% In
2012-2013, Sroysang published series of papers in relation to the Diophantine equation a* + b’ = ¢* (Sroysang,
2012a; Sroysang, 2012; Sroysang, 2012c; Sroysang, 2013). In 2013 (Rabago, 2013c), Rabago gave all solutions
to several Diophantine equations of type p* + o = Z°, for examples: 5 + 31" = 2, 7 + 29" = 7%, 13" + 23’ =
7,87+ 97" = 2° and 61" + 83 = Z°. In 2013 (Rabago, 2013d), Rabago studied the two Diophantine equations
3+ 19" = Zand 3* + 917 = 7. In the same year (Rabago, 2013e), Rabago studied the two Diophantine
equations 17° + 19" = z” and 71" + 73’ = Z°. In most of these papers, the authors used theory of congruence
and/or Catalan's conjecture to find all solutions, or to show the non-existence of solutions to the Diophantine
equations of type p* + g’ = . In 2014 (Sroysang, 2014), Sroysang studied the Diophantine equation 46" + 64”
= 7%, he used theory of congruence and/or Catalan's conjecture to find all solutions, or to show the non-
existence of solutions and he found that this equation has no non-negative integers solution. Furthermore,
he posed some open problem about the Diophantine equation in the form m* + n” = Z* where m = 10a +b,
n=10b + a with a, b are in {0, 1, 2, ..., 9}. We see that there are many Diophantine equations in the previous
form. In 2021 (Ngarm-pong, Raumtum and Thongmoon, 2021), Ngarm-pong et al. studied the Diophantine
equation 13" + 31" = Z°, they found that this equation has no solution in non-negative integers.

In this paper, we study the Diophantine equation

4= +50'=2 AN (1)

Where x, y and z are non-negative integers. This equation is one type of Sroysang’s open problem.

Preliminaries
Proposition 2.1 (Catalan's conjecture) (Mihailescu, 2004) (3, 2, 2, 3) is a unique solution (a, b, x, y) for the

Diophantine equation a* - b’ = 1 where a, b, x and y are non-negative integers with minfa, b, x, y} > 1.

Main Results
Lemma 3.1 The Diophantine equation 15" + 1 = z* has only one solution (x, z) = (1, 4) in non-negative integer.
Proof. Let x and z be non-negative integers. Clearly, when x = 0 and z = 0. Then we will consider in case x >
0 by divided into two cases:

Case 1. If x = 1, then Diophantine equation 15" + 1 = z° becomes z° = 16. So z = 4, then we get that
(x, 2) = (1, 4) is a non-negative integers solution of Diophantine equation 15 + 1 = 2°.

Case 2. If x> 1, We see that 15" = 2" = 1 = (z - 1)z + 1). Assume that z— 1 = 15" and z + 1 = 15"
where u is non-negative integer and x > 2u. Then

159-15"=(@z+1)-@z-1) =2
We see that
1515 - 1) = 2.
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We will consider two subcases:
Subcase 2.1 If 15" = 1 and 15 *'- 1 = 2, we imply that u = 0 and 15*- 1 = 2. We have
that 15" = 3, this is impossible.
Subcase 2.2 If 15 = 2 and 15" ?- 1 = 1. This is impossible.
From Case 1. and Case 2., the Diophantine equation 15" + 1 = z” has only one solution (x, z) = (1, 4) in non-

negative integers.

Lemma 3.2 The Diophantine equation 51 + 1 = Z° has no solution in non-negative integer.
Proof. Let x and z be non-negative integers. Clearly, when x = 0 and z = 0. From 51 + 1 = z° we see that
2251 = 1. By Catalan's conjecture, this equation has no non-negative solution when min{z, 2, 51, x} > 1.
Since x and z are non-negative integers. We will consider two cases as follows:

Case 1. If z = 1, then we get 51" = 0 which has no non-negative solution.

Case 2. If x = 1, then we get z° - 51° = 1. This imply that z* = 52 which has no non-negative

solution. Therefore, the Diophantine equation 51° + 1 = z* has no solution in non-negative integer.

Theorem 3.3 The Diophantine equation (1) has only one solution (x, y, z) = (1, 0, 4) in non-negative integers.
Proof. Let x, y and z be non-negative integers. Clearly, if z = 0, then the Diophantine equation 15 + 51" =0
has no solution (x, y) in non-negative integers. Now, let z > 0 and we will consider in three cases:

Case 1. If x = 0, then the Diophantine equation (1) can be written as 1 + 51" = z. By Lemma 3.2, this
equation has no non-negative integer solutions.

Case 2. If y = 0, then the Diophantine equation (1) can be written as 15 + 1 = z°. By Lemma 3.1, this
has only one solution (x, z) = (1, 4) in non-negative integer. Therefore (x, y, z) = (1, 0, 4) is a non-negative
integer solution of the Diophantine equation (1).

Case 3. If xy > 0, then we will consider in two subcases:

Subcase 3.1 If x is even, assume that x = 2k for some non-negative integer k. Then the
Diophantine equation (1) can be written as
15% 4+ 517 = 7
ie.,
51 = 72 - 15% = (z-15")(z+15")
Assume that z — 15 = 51" and z + 15" = 51" where u is non-negative integer and y > 2u. Then
5174 = 514 = 2(15Y).
We see that
515177 - 1) = 2(15Y).

We will consider in four subcases:

Subcase 3.1.1 If 51" = 1 and 517~ *' = 2(15), we imply that u =0 and 51" - 1 =
2(15%). We have that 50(51”" + 51" + ..+ 51 + 1) = 2(15). Then we get 25t = 15 where t = 51" + 51" %+
.+ 51 + 1. We see that t = 1 (mod 3). Then 5° = 3"5*. This is impossible because 5° 1 (mod 3) but 35 =
0 (mod 3).

Subcase 3.1.2 If 51" = 2 and 517%' = 1 = 15 this is impossible.

Subcase 3.1.3 If 51Y = 15and 5172~ 1 = 2, this is impossible.

Subcase 3.1.4 If 51 = 2(15and 51"*" - 1 = 1, this is impossible.

Subcase 3.2 If x is odd, then x = 2k + 1 for some non-negative integer k. Then the
Diophantine equation (1) becomes:
155" 4 517 =7

we will consider in two subcases:

Subcase 3.2.1 If y is even, then y = 2m for some positive integer m.
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Then the Diophantine equation (1) becomes:
152k+1 + 512m _ ZZ

ie.,

155 = 72 = 51" = (z - 51™)(z + 51™).
We will consider in four subcases:

Subcase 3.2.1.1 Ifz - 51" = T and z + 51" = 15", then 15" — 1 = 2(51™).
We have that 14(15% + 152k-1 +..+ 15 + 1) = 2(51™). Then we get 7t = 51"
Where t = 15% + 15%" .+ 15 + 1. Since 7t = 0 (mod 7), then 51™ = 0 (mod 7). Contradiction to 51™ = 1, 2,
4 (mod 7).

Subcase 3.2.1.2 If z- 51" = 15 and z + 51™ = 15%, then 157 - 15 = 2(51™).
We have that 15(15™" ~ 1) = 2(51™). Since 15(15" ~ 1) = 0 (mod 5), then 2(51™ = 0 (mod 5). Contradiction
to 2(51™) = 2 (mod 5).

Subcase 3.2.1.3 If z - 51" = 15™ and z + 51™ = 15, then 15 - 15™ = 2(51™).
We have that 15(1 - 15%%) = 2(51™). Since 15(1 - 15*") = 0 (mod 5), then 2(51™) = 0 (mod 5). Contradiction
to 2(51™) = 2 (mod 5).

Subcase 3.2.1.4 If z - 51" = 15" and z + 51" = 1, then 1 - 15*"" = 7 +
51™ = 2(51™). This is impossible because that LHS is negative integer, but RHS is positive integer.

Subcase 3.2.2 If y is odd, then y = 2m + 1 for some non-negative integer m. Then
the Diophantine equation (1) becomes: 15%" 4 51°™1 = 22 we see that z° and z are also evens. Then z is
either in the form 4s or 4s+2 for some non-negative integer s. So we will consider in two subcases:

Subcase 3.2.2.1 If z = 4ds, then we get that 15™" + 51°™"! = 165, Since
2 (mod 4), then 16s” = 2 (mod 4). Contradiction to 16s* = 0 (mod 4).
Subcase 3.2.2.2 If z = 4s+2, then we get that 157! + 51°™" = 165° + 165 +
4. Since 15%*! + 51™ = 2 (mod 4), then 16s® + 165 + 4 = 2 (mod 4). Contradiction to 165 + 16s + 4 = 0
(mod 4).

From Case 1.,2. and Case 3., we have that the Diophantine equation (1) has only one solution (x, v,

152k+1 + 512m+1

z) = (1, 0, 4) in non-negative integers. The proof is completed.

Theorem 3.4 Let n > 2 be a positive integer. Then the Diophantine equation 15 + 51° = w”" has only one
solution (x, y, w, n) = (1, 0, 2, 2) in non-negative integers.

Proof. Let n > 2 be a positive integer and w, x, y be non-negative integers. Assume that z = w", then the
Diophantine equation 15 + 51 = w*" = z°. By Theorem 3.3, we see that z = 4. Then w" = 4 and we see that
w=4andn =1orw=2andn = 2. By assumption n > 2, then we get that w = 2 and n = 2. Thus, the

Diophantine equation 15 + 51 = w”" has only one solution (x, y, w, n) = (1, 0, 2, 2) in non-negative integers.

Conclusion

In this paper, we show that the Diophantine equation 15* + 51" = z* has only one solution (x, y, z) =
(1, 0, 4) in non-negative integers. Furthermore, there are many Diophantine equations in the form m* + n’ =
Z* where m = 10a +b, n = 10b + a with a, b are in {0, 1, 2, ..., 9}. The methods to find non-negative solutions

of them are still open problems.
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Abstract

This research aims to simulate 2D Magnetic Resonance Imaging (MRI). A Visual C# program was
designed and performed to simulate an object sample, calculate k-space images, and calculate reconstructed
images. The pixel's intensity represents the selection, the cross-sectional area of 3 water sample tubes of the
same length tied together. The diameter of each tube is 20 mm. The image intensity ratio in each tube is
1:2:3, where the intensity of the image spot in each sample tube represents the proton density. In the
calculations, the field of view (FOV) was used as 50x50 mm?, and the image resolution was 128 x 128 pixels.
In this research, using 2D MRI conditions, the k-space images were calculated from the Fourier transform, and
the reconstructed images were calculated from the inverse Fourier Transform. The calculation results showed
that the k-space images of the simulated object were given clear pictures and images computed in the
process of image reconstruction were a proportion of the image intensities corresponding to the intensities
of the sample object image, but reducing image sharpness because some of the color intensities in the k-
space image were lost during the inverse Fourier transform process. In addition, in the image reconstruction,
the object image is overlapping (aliasing) with the opposite image outside the FOV. However, it can also be
corrected by adjusting the size of the k-space image to match the size of the reconstruction image by adjusting
the axial data distance kx and the axial data distance k, according to the axial data distance x and the axial

data distance vy, respectively.

Keywords: Magnetic Resonance Imaging, Fourier transform, inverse Fourier transform, image reconstruction

Cite this article:
Polyon, C. (2021). Simulation of 2D Magnetic Resonance Imaging (in Thai). Journal of Science and Science
Education, 4(2), 178 - 189.

avansley Aoz Inemans umInerageuasvsil



180 | Journal of Science and Science Education Vol. 4 No. 2 (Jul — Dec 2021)

unu

nnsadaninnsduieudndnuesiusneu (Magnetic Resonance Imaging, MRI) (Bushong, 1988; Partain,
et al.,, 1988; Preston and Dietz, 1991; Hashemi, et al.,, 2017) \Jumafianisasiesninuinanisluresing lngld
ﬁi']ﬂgmizﬁmié"uﬁaummﬁﬂﬁamﬁa% (Nuclear Magnetic Resonance, NMR) dsaziintanizinndeariiaatuly
\Humud Inemluiaedsaifendnviduiindeavedlslasiounieiionit Winou ('H) Fadudiuusznevves
Taana iy th Ty Wi Wudy daatudu v defundvavedlalanauldfundanuanaduudminluihid
Auiiiafuaaiuiiaisues (Larmor frequency) vesiiatadsatu azvinlfaniazaugavosuunilogdy
(magnetization) wWasuly wazilongalvirduusivdnlninluudunndlaeduresianisaiozaiendsuaiu
wiwAnlnihAifanuawinduanuiaiiueseentn uasinifudayia NMR luvnainsudyyin Sawinvesdyni
NMR fhnarnideidiesing 4 astusuiiinuemumnutiuwedusnou Suilvansawensiinveniedold lun1sads
amitinaneuruwiuesiusaeu ilimsisviavesiumisluguresanuive sdyanailéinaning Fevinle
Tngldudmdninsifoudsufunindnudn auiuwlivdninsfeud (gradient magnetic fields) ffisndanluszuy
MRI fimnudrdnyediauindenisadianin MR Tngldmnuduiussenineanuiarsuesvesianduavesingiu
auduauindnudn Tunisasanm MR vildlaensidsunlaauusindninsidous v 3 unufideintu
Ao Tunwounu x lusuauny y waglunuauny z lussuuiiaasfideu silvdaedealuuiinasia quesingied
Tuaurnwsimandndiinnuiduwnndiaty v lwlddyyraiidunasiuvesdygin NMR Saaaudeieiu Tu
nsUstanananNaIndasle ayldEn1sudasides (Fourier transform) (Bracewell, 1986; Gallagher, et al.,
2008) lumsusnpruiiinisduiesesiundvausiasiaaentn hlvanunsoaiesnmesiagld fennudfueneonuni
%LﬂuﬁaﬂwaﬂﬁwLmu'asuaﬂﬁaLﬂﬁaaﬁdaﬁmmmﬁaaﬂm

nsiTenIsasenInnsduRsusiwdn (magnetic resonance) e lilddauvesnmia finddenans
ﬂaw"memﬁa%mmn‘umiaﬁnmwu FawsiaznguAfeiitlunisairanmnsduiiossimdniiuanseiusenty Loy
mMsasanmnisduiiesusivdnvediusney (Magnetic Resonance Imaging, MRI) (Edelstein, et al., 1980) n15a3ns
AMNsEuR DI imanvesdiEnnseu (Electron Paramagnetic Resonance Imaging, EPRI) (Eaton and Eaton,
1984; Testa, et al., 1993; Alecdi, et al., 1994) karn1sasAIMAIsEURBILlmanveslUsneuLazBidnnsou
wiounu lnsnsanauinutiuand wiudianaseu (Field-Cycled Proton-Electron Double-Resonance Imaging, FC-
PEDRI) (Lurie, et al., 1998; Puwanich, et al., 1999; Li, et al., 2002; Polyon, et al., 2008) tJudu lnsunazisiag
wereuv i udyanamesnmiidaeuiy deesiinnsldauuwimdnlunisadsnmilunnsreiuly Wy Snsiia
aunuudundnlunisadrannriedndesnisasnniiauuwlminsisazlildnnifidyyatn doadenmnudd
winzay lunsaianmnsduiousimdnsemeiafflétinisisveshwades Taglull 1999 fnduinidelévhns
oAtunsihsaves MRl ATsyavBAmLagsInERNTL (Pruessmann, et al, 1999) Inglddinnsisuansou
Tunmsifufeyaiiduiusiutunseuteyavesdnaingiidesnisaianin ilildnmeesingfifiussansamuniu
\esnbifdyguiunsumunmwterliAnnmdeu (aliasing) luniw eulutl 2008 finduiinideldinniside
Lﬂmﬂummauwuﬁmmmiufda@wLi&liﬂumiaﬁwmwmm MRI (Gallagher, et al., 2008) %aiumwﬂ%aunwat,t.ﬂaqw/dl,iai
fimsusuilerdusng 9 wu mswiemuimesnanaiw slsldaniidniu

Tunmaseiildansmsadrannnisiuiesulmdnvedusneuriunissiassiereufmasiu 2 7 Tnold
Foulvvesaunuuindninsifeud ?zfqL%'ﬁﬁa%'agaim&flifmm?ﬂLamWa Foyanldegllaumiifudmunduilammyos
wingBasenin k-space éﬁasﬂaﬁlﬁﬁ%ﬁﬂﬂﬂixmamaim&ﬂﬁfj’mﬂmawjL%'&J%ﬂé’u (Inverse Fourier transform) ke
ponsvEmNLALazlad sl wmising quadlusnouiigonadeciu inldnnlusneuiigesmsld sBonduneu
Firnsadrenmau (image reconstruction) n333edlazifudstlevdedrannlunsinviiteruiednvazaes
éfzyzymmwLﬁaqﬁuhahjéfawamwé&yzy’]iuﬁuaqi’mqﬁmaé’aaﬁwm%a MRI vilsianlganglunisaiiunisasienn
anas
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%aaajnwiummam RF wagvin1sussananavesdaanaiitdliosnundunminenisadranimdu
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NIIMUIYTLELIN LNSREUALUSEUUNTAS NN MRI Jvianue 3 Aanieineiniy fe Aaniesluwuinny x, y wag z

wiumedydnuel G, G, waz G, muaeiy Tneenuduvasauuudngn (B, ) Aidums x, y uaz z 1o 9
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(g

ALNU0IF Y 10U AINEIUVD 0819 LI ITATABUADN 2 LUITILUED AD LUILAU X LAZUUILAUY y LOLYN
Toyauazidsiadunisludiuvesinege Fuilalaenisidnsianinud (frequency encoding) Tuhuiaunu x uag
nsensala (phase encoding ) Tuwwiunu y a1nudnnisudasliFestu 2 87 (2D Fourier transform) ludnduiad

lutumeumaidendiuvessinedns (luuwl 2) ssvihliladyananluseuegludiuresinedne madrsia

(pulse sequence) WUU spin-warp (Edelstein, et al., 1980) &nwazn1sd1siauansdanind 2 éﬁasﬂaﬁlﬁmn
msnsalaeldnnuiuazina Ao dugyras FID ﬁﬁmu’mﬁuﬁ’ummwmLLﬁuLLasqmauﬁammMﬁmu Tnedauduaz
wlaildduiusumisvedusaeudu  Tun1sadisnm MR Foyaildnnsnszduareglulanmidudunduves
Aing 138031 k-space (D. Moratal, et al., 2008) Hude diiluglulawunis wdudniidnludnlamunis
Joyalu k-space Usnaumedayaia NMR Aaanduneulunmsadrenmmsduiodimindsfedwsvananade
msulasyi3esndu lumsaadunin kspace sgiliudoya 2 i@ fauanslunmd 3 Tnedoyaluuuaun x Idnan
foyalumsidrsfannmaiuanud (k) waziifeyaluuuaunu y Wsnandeyalumsidrsennnisifiusta (k)

Fetlmnuduiusiuinsifoud G, uay G, Asemns

k =LGt, (1)
2r
ey
Y
ky = EGyty (2)

dle t, way t, fio fasafiTainsiieus 6, uaz G, sy uaz Y fio dnsndulalsuuniun

(gyromagnetic ratio)

o oY) X} O ax)

o, op, | 0, o,p, | o,

a)1¢3 , ¢3 w3¢3 @, ¢3 a)5¢3

09, P, | P, 0P, | O,

ax:3 O | Oy | O | Oy

AN 2 AINAIUVBIRIRENTITUUIN 5x5 NN NianInsitsras g uvaiiegng
Inelgudnnisves spin-warp @9lNNsILNTHaYIAINE (@) waga (@) NIFDILUITBININ

Dt

it 3 awlunisifiudeyauuu k-space
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Tun1sasienm k-space 31NNISEIHAAIINA (@) Uagnsiinsviama (@) vosiunisingiing1afiuans
Tun il 4 iwausadisuaunisnisulaniies G(o, @) veringiegns g(X,y) adu

G(o, ¢)=>.> g(x, y) e "> 7axay (3)
Ymin Xmin
vse lumenves G (k,, k, )1du
Ymax Ymax .
G(k, ky)=D. D a(x y)e " Axay (@)
Ymin Xmin
AY
. A

Funin > Yimin Xmax > Venin

€«— FOV, —>

AX = Xinax ~ Xmin A Ay =3 Yimax ~ Yimin
n
il 4 nsimunswaves AX waz Ay Tuingshedis

naNnsi (3) waz (4) A1 AX war Ay duszeridn 9 vesuing Famldainisnsuanseuvesniw
(Field of View, FOV) 88 m uay n diu muddu daianslunimil 4 9anaunis (@) asiiuinnisulas)Sesor
TusuveailaifuiBsdou (complex function) FsausausnanniseeniduaunisadIuais (Real part) wazaunisau
AUNNN (Imaginary part) gl

G(k,. ky):ymzajxmzajg(x, y) {cos[Z;r(kXx + k,y) |=isin[ 2z (kx + kyy)]}AxAy (5)
Ymin Xmin
AT Gq (K, k)= ymfxmfg(x, y) cos| 2z(k,x + k,y) | Axay ()
Ymin Xmin
duFunnmn ; G, (k. k)= -ymfxmzaxg(x, ) sin[Z;r(kXx + Ky) |Axay @)
Ymin Xmin

lunsaranmAunnsnensiarud (@) wasia (@) vesiumisingieganegluguuuuves

k-space lalaensuUanisesnau (inverse Fourier transform) faauns

ky max kx max

g(x, y) = 2, 2.G(w ¢) e“Map ®)

ky min kx min
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A kV
Ak,
kxmin’ .}n‘:;:q k—‘(max’ ymax
| 18k,
>
>
2 K,
kxmin: ymin kxmax’ ymin
e FOka _—
kxm = kxmin kymax r kymin
AIOS T 00 AK TS

m n
Aw@l 5 Nsfmuavwnves Ak, uaz Ak, Tunn k-space

Mussfedtutuauns @) anaunis 8) Weulvaladu

ky max kx max

g(x y)=> D Gk, k,) e Ak Ak, (9)

k k

ymin Bxmin
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maxk
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kymin k><min
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TUTEEIANTITIRY

1. 1iloa$13n 1 k-space vosingiogsdiandly 2 I

2. iteasranmiulu 2 7 vea k-space vesingiieg1sdians
F/ANTUNITIY

Tun193dw lmaaﬂLLUULLauqu&mIUiLLﬂiumaaqmaaiwmwmaqmama&mmaaﬂu 2 1R lngn1seeniuy
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(n)

(v) (m) (1)

2wl 7 (n) 0 IMPeINgReE19318093INNSAUIANIN (U) 2 k-space TlHIINNITAUIUVBIANNITVDIAINATY
(A) AW k-space AlPAINNITAIIUENNSVBIEIIUANIN (3) AW k-space NldannssamiuvesnwluduaTay
Tudwdunnin MvuamsilineialdlumsAuini Al 6, = 0.005 T, G,=0005T, t,=0012s,t =00125s

wazilruazidunuesaninidu 128 x 128 A0

91NM5a$9AM k-space 3nnmMvesTngiiegasians wud1 nm kespace filFarnamvesingiiesig
$raedludiuaie (nwdl 7n) Sdnwazaruiduvesauainauunimdesann (awd 79) Wukaideanannisie
Andgn (conjugate) wuuasalunin vibvinam k-space Tughusseiliinnuduveseiuainsanas @unm kspace
AlFanamingiegsdrasdludndunnmazfinnudivesamainmnn (1wl 7a) iusaidesnainnisiie
amdaganuuindrslunim vilinn k-space ludauadsilfianuduvosanuainann Wevinisdamumnm
k-space Y840 NINYAIDE1931ANNTTINAUYVDININ k-space maqm‘wi’mqﬁaaﬂwaﬁu’ﬂudam%qLLaﬂudau?}ummw
(il 79) awiildarfianudureseuainannniinin k-space ludiuaswusiasiinnuiduresuainwenin
Hounan k-space Tuadrudunnw LﬂuwaLﬁaqmmr]dausuaamwé’aqﬂLLUULa%:i,ﬂ,umw k-space #1UaTIATAIUVDY
Amdaganuuind1sluniw k-space gauduanw ilesamiusgmeluainnim k-space v83nwingiiegiadians
vhlsildnn k-space vsamingiegnediansiuiids
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(n) ()
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Abstract

The purpose of this research was to study the effects of inquiry learning in-cooperated with
the use of infographic on the ability to create scientific explanations of ethnic students on the topic “the
weather”. The study groups in this research were 6 students in Mathayomsuksa 1 at a school in Omkoi District,
Chiang Mai Province during the 2"semester in academic year 2019. The research methods used for analyzing
data was qualitative with descriptive statistic. The research instruments consisted of 7 lesson plans, the
interview protocol to assess of scientific explanation ability that comprised of 4 core questions. The interview
transcribed data was analyzed by level in each of the 3 components of the scientific explanation including
claims, evidence, reasoning in percentage. The research results showed that most students were able to
create scientific explanations at a good level by 66.67 percent, a very good level of 16.67 percent, and needs
for improvement level at 16.67 percent. Consideration of each component, ability to identify the claim was
the students’ highest score with 77.08 percent, followed by ability to use evidence, the students’ score is
54.71 percent and the reasoning component, the lowest of the students’ score is 41.67 percent. The research
findings indicated that inquiry learning in-cooperated with the use of infographics promoted the students’
formulating of scientific explanation on given questions. The additional aspect to be emphasized was the
connection between scientific explanation to evidence using scientific reasoning.

Keywords: Infographics, scientific explanation, scientific inquiry, ethnic group students
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Research Article
The development of punctuality for eleventh grade students in chemistry
with blended learning based on inquiry, social media, exit ticket and scorecard

through lesson design by using professional learning community activity.
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Abstract

The study aimed to develop punctuality in chemistry using blended learning based on inquiry, social
media, exit ticket and scorecard through lesson design by using professional learning community activity. The
experimental groups were 8 and 12 students of eleventh grade students in an opportunity expansion school,
Nakhon Ratchasima province in the first semester of academic year 2020 and 2021, respectively. This research

applied classroom action research for 3 PLC cycles. The instruments in this research comprised 3 learning
plans with onsite and online learning managements, behavior observation form, a set of laboratory plan
worksheets, exit ticket, scorecard and behavior assessment. The disciplinary behavior analysis was statistically
analyzed by mean, percentage, standard deviation and relative standard deviation. The results of the research

can be summarized as follows: punctuality in the first semester of academic year 2020 and 2021, the
percentage of submitting their work on time of 95.83 and 63.89 percent, respectively, demonstrating that the
three learning plans could be improved deliver on-time assignment. However, the effects of onsite and online
learning to enhance the students’ disciplines indicated that the onsite learning gained better disciplinary
behaviors. Moreover, the teacher was able to develop a lesson design through the professional learning

community process.

Keywords: Punctuality, chemistry, inquiry, social media, professional learning community
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2015) ﬁﬂﬂ?uﬂzy,mﬂWimm%ﬁa‘uaqﬁﬁauéﬁuﬂ'smmqna%%ﬂzymmﬁaﬁﬁﬁm
MnmsdamsiFeusluamsswi 21 SududeatiufiFoududdyriunsesnuuuusumsinnsBousiden
(Active Learning) (Panich, 2012) mﬁmmiﬁauiuuuﬁmmz (Bunwirat and Boonsathorn, 2018; Intharaksa, 2019)
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(Tipchai et al., 2019) LLUUﬁWaadaﬂéﬂﬂﬂ (Pananchai and Supasorn, 2020) LazUNLIBUABURILAD VI8 ADU
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Tugduuuang 9 o9y unssuriulysunsuuseend (Applications) (Intharaksa, 2019) 1A38Y 188 UNBSLTA
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uentiesFou TunuidelfesnuuuianssumafeuduuvduiaedensliinEounuidonndeudimiuards
seeseensAnwmarmtsunguiedn (Facebook) (Supkul, Sahatsathatsana and Sungsrikaew, 2020) Sleadaan
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vinwgmsiTeuunuienisnnaes WeufuRnenssumsvaassuarldnanisnaaeud fisouiiausdoyananisveaass
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Funuluavewia IneldfanssuguvuuiinisiSeuinadndndieimusnunisdanisseudanmsseauanufniu
Y99AFHULUY (Model teacher) A3fj4u3sus (Buddy teacher) A8 15391113 (Mentor) (Pabchanda, 2020)
{38919y (Expert) (Pabchanda, 2020) wawfuynsaniu@nun (Administrator)
IngUIzaIAN1sITY
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umdoya uazmalieneitoya Tnvandendutelud

NIOULUIAANITIVY

mAfeilfiaunmaBouifunsdsnunsinauasmadsumuiinismaaesnaingimansvesiinGeu
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insesilefldwanngGou loun
1. ununsdaniseuduuuduians (inquiry) $1u9u 3 unuiidiunisussguAnindiauain
ANTIUYUIUUANITITBUINITVITN PLC (Sriwanna and Pabchanda, 2021) laun WHUT 1 AuduiussEning
UnasuazAnuiurenia wauil 2 manduiusseninaUTinnsuasgamnivesuia uazusuil 3 mnudusiussening
USunswardnnuluavesta Iithusunsdansidoudfauunluufoinisaeu (Tndudou) wesUssquasiiou
wawé’qmilﬂﬂ%uﬁawﬁamLLmU;jﬁ'aﬁﬁLLax?qﬁmiﬂ%’uﬂgqﬂ%ﬂﬁﬂlﬂuﬁﬁmﬁu PLC
2. AemauiRvimiansanisaassnuduiusseninsUlinesuasauduYeaLia A mduRLS
seviTinasuarenmgiiveania uazarwdiusseninaTuasuazsuuluavesufia (IPST Chemistry, 2019) 1
H1ufia1sanfvilaudenndes (Index of Item Objective Congruence: 10C) lngaun@nasitd PLC 3 vinuluuseyy
Fnnunuianssy PLC anudenduiavimiansanisnnassiien 10C winfu 1.00
3. dodsnueeulatrungs Facebook Fangu “Chemistry by kruann” dmiunisdoansiile
uanAsuiseusseninaindsunagagiaeu (Sakonthawat, 2019)
insesilaifudoya léun
1. Tunudeuunudnsmasemnainemansvesukunsssuns 3 uwy $1uau 3 luny 4
Kufinnsandaiinnuaenndes (100) Insaudnagiiu PLC 3 viululssguininsusuianssy PLC wanulunuden
WHURIN15NAR09EAY I0C wirfiu 1.00
2. #heen (Exit ticket) iudnaansdainuiinsanduiinrmaenades (0C) lngaundnag
i PLC 3 virdludsggaannwunuianssy PLC AanudateUaiia I0C aglugas 0.80 - 1.00
3. dodsnueoulaviriungy Facebook Fongy “Chemistry by kruann” d1m3udsau@inw
aamthneuiseu (Sakonthawat, 2019)
\n3siiauseiiuna Tiun
1. inmein1slfaruuuduruunuienismaaeanisinetmans fdiufinnsuiduiaaim
aonndas (100) Insaudnasiiu PLC 3 inulutsssudnindunufanssy PLC faanuinasinslinzuuuiuuden
I0C wirfiu 1.00
2. inmsinislirguuumeen (Exit ticket) Minuinnsandaiinmaenndes (00) Insaundnag
i PLC 3 vindluussaainnsusufonssy PLC eanuinnusinisliinzuunsionn S67 10C iy 1.00
nswiusIusImdaya

mfwmLuumsmmmamaua‘[mamimm’miamauamumﬁlumﬁmLuumi mu
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3‘1/1&J’lmamﬂuaaamuaaﬂaumuﬂqu Facebook ﬁuaﬂqu “Chemistry by kruann” LLamgQaauuuwm’;mmiaqmu
maqﬂ’ﬂL%'suLﬂuiﬁwﬂﬂaIuﬂ'mazamzLLqufﬂEJWL’;mﬁﬁﬁﬂgmidqmﬂuﬂzju Facebook (Sakonthawat, 2019)

2. fuflnnsdsnunsaaat: sudumsluszrienisliuunisdansdoudiuiniounguiodidasld
Aanssungy wdanguag 2 fs 3 au TlnSeuwdanduleuusudinismaaewndinermansuagdamuimuaim
AstfaoutufinnaimsdsnuvesiniFeuusas nguiloysziiunmsdanuasaiamuinasiliinziu (Scoring Rubric) 1
sonwuuld

3. tulssiundsmsnnsdanunsing: feunuanatruEey dnifeuneusiniuriuien way
asfiaoutufinnainisdanuvesiniFeuduneyanalutasaraunzuuuiioUssiunsdanunssaiauinasils
AzuuLTioonuuUly
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ngu uaz 3) andsiineuvesAIAL Exit Ticket fauanslumngned 1 lunuAdetimuanusiiiulssdiunanisds
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USulgmanuvaInguauies ntutnieudwnuiinimaassaaaiitivua AsRasulsEriunTludnsazay
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fanaFeuduvvesulatimuaniunisaimsszuiavedlsadnidelatalalsun 2019 (COVID-19) Fsdndudediiinidon
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3. fugbunsuazastongy: tniduasounadsiiGoulerlsthanndentuifsia lunu uazms
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AL UNUEINTNARDY: N1INAGRIRNWIANUANTUSTENINUTI NS UAr N T veteINA
(danely 10 uri)
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5/1 madeudt 1 Inmsine 2563 uaz 2564 fananslumsnedl & nuiilulnsine 2563 uaz 2564 fisuauiinEeu
ﬁfimummamsuam%qamLLmumﬁﬂmiﬁauﬁimEJmumm%ﬂ'ﬂzLLuumumﬂﬂdﬂ 4 AruwUY (AZLULLAY 6 AZLUL) AR
Huradefienas 95.83 uay 63.89 veaniseuravun auddu Adesazvessivauineuiiunasinisdany
AsaIaININAIN508aE 60 LLamdngLLUUﬁﬁmiiumi%’ﬂmu%'auilwvwaummuﬁﬂhaﬁ@ummiéwummawm
JALSeuNINnINSeeay 60 mmfﬁwmuﬁﬂL%'auﬁgnamﬂejuLﬂmma?qué’maaamé’mﬁ’mm%’ﬂﬁﬂhum (Klinkla,
Phibanchon and Srisanyong, 2016; Supkul, Sahatsathatsana and Sungsrikaew, 2020) uaﬂmﬂﬂfgﬂwudﬂuﬂ
NsAnw 2564 IAN1siTeusIusTULaRUlal fianSevazvassuuniSuiinunasinsdsunsaatdosnitlud
AsAnen 2563 fidantsSeunielugnudng é’qﬁ?umﬁmmifi‘&mi‘luﬁaqL%'&Juﬁamuﬁﬂmsﬁ'aaﬂgﬁaaummmﬁqmm
WAZNIEAUNGANTINNITUSVRISEUTIBYARALAANIINTINNSS BuiUsTUURBUlatdINasaN TN TdY
asawanestuegaditeddy

dlefinnsunfesazandouuunnsgudusing (%RSD) P04 MANTNFHUT A UA TR ALK
FansiFeuslulnnsfine 2563 way 2564 fiawvindudesar 7,53 uag 7.53 a1y (Fauandlunsiedl 6) Jeen
%RSD 11nN3I1588ay 5 (Sriwanna and Pabchanda, 2021) "??lﬁt.ﬁuiﬂLLmumﬁmmiﬁﬂuiﬁaamLLmuhjdwzfi’fﬂms
BouluiesSeuilanufinw viie iuszuveeulat MiiaiwuinsdnunssnaUdsunadlunusefuany
gndevenilem WAZANUNTOU VDU

M19197 4 HadenuasawardviyanavesinituliseuAnyUN 5/1 malseun 1 Un1sAinw 2563 uay 2564

WAUNITIANIT Fuautnizeu UnisAnen 1/2563 Fuutnizeu Yn1sdnen 1/2564
Foudi #9971UAT9LA1 deudi A99UAT9IAN deuda
1 7 1 7 5
2 8 0 8 4
3 8 0 8 4
Aady 7.67 0.33 7.67 4.33
Sovay 95.83 4.17 63.89 36.11
SD 0.58 0.58 0.58 0.58
%RSD 7.53 173.21 7.53 13.32

NUTZHUAMNANUHUAINITNARDIVBSLNITE

mendamadanisdousluutazun asfaouldmusntunuresinouiioynnauarsengs (fauandu
Al 4) inlviasndnaghufivyueunsisnisGouimandn PLC Hrofusziiugunmvssinudsnsvaasdlnonisly
inausinmslazuuunumsei 2 nansUssdiutunuhuuazmsiusnunaeinsUssdiuresinEsussendngm
U 5/1 Tunadoud 1 Unsfnw 2563 uaw 2564 fanandlunissil 5 wudludnisdne 2563 uag 2564 51U
tiFeuianmnsoadunuiinmaasshunsnmurinmssdureniauuunsiamatsusindudiedsitosa
79.17 uay 69.44 vosinFourimun Ay FifudidniFou u.5/1 feaesdnsfnsaunsadouinusiuy
AanssuniaiFeuduaradununuiinimaassiifinuainsiumuinasinisUssdivldssinnudosas 70 e
TniSsuenun deaonadesuisefuNle (Yothawaramontri, Phoprom and Wongsawat, 2013) 14@4ns13n
sufumaSeunvudumsludosiussaiidmalviaiadonzuuunadeundaiouvosinoussendnuni 4 i
29.13 Aziuu (Azuuiiy 40 Azwun) Andufesas 72.83 vesazuuuifiy uonninslitniFouldGeusidomnou
BueurunsruaaUinvaminisaisanisnass (PST Chemistry, 2019) uazassad sfunuunuiinisnaassia 3
wluaidedd FadumstansBeuiuvunduiutioifiumadunvifunsSeudvesFouruisivenide ity
11 (Tagaew, 2021)
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wHunsIAnTsiTeUS B AsUTUUT B AsUTUUT
1 5 5 7 5
2 6 2 7 5
3 8 0 11 1
Alade 6.33 1.67 8.33 3.67
fouaz 79.17 20.83 69.44 30.56
SD 1.53 1.53 2.31 2.31
%RSD 24.12 91.65 27.71 62.98
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inalulad Ineanisiuam 2 1389 Msdansansaume feunidsuvuaiotisdumediin Tasldnsisouduvy
duianziuiniFeudifoudieiTund faedevesrsuuunadugniniinisdeuiiSeudeunsouvuadetis
Sumesiiln TneldnmsSouiuvuduiaziniy 1656 uaztiniSouiiiTouddmeisuvuunasidaderiniu 11.63
(Rakkrathok and Sovajassatakul, 2020) AUKANANVBINANITITEUFVDIRLTEUTENININTARUIUUUNG (onsite)
waznsieuiuuveeulal (online) ﬁﬁuaguiﬁvﬁsiumawamaimﬁmﬂshqﬁ’u
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Abstract

The purposes of this research were to: 1) develop the scientific concepts of the photosynthesis topic
with the 5B model, and 2) investigate the attitudes of the students in undergraduate Biology Education
Program towards the online learning activity. Twenty-two students in undergraduate Biology Education
Program in the academic year of 2021 were a sample group. The research instruments were four instructional
plans, including four photosynthesis lesson plans, the pre- and post-tests for evaluation of scientific
conceptions with fifteen items each, student's learning record form, and the post-teaching record form. The
statistical analyses were frequencies and percentages of the answer. The content analysis was also
conducted. The findings were as follows: 1) the undergraduates in Biology Education Program developed
better scientific conceptions than those before learning in all aspects. And 2) they had good attitudes towards
the study. Most students thought that activities make students engaged although they were studying online.
The activities helped them to remember and understand the lessons. The activities made interaction
between students and instructor. They were concentrated on the random name to answer the questions.
The creativity and relaxation were enhanced by doing activities from the online study, and they can be self-

directed learning.

Keywords: Scientific Concepts of Photosynthesis, 5B model, Attitudes
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umin

mMsungszuiavedlsalifalain- 19 dwansenudenisAnwiialan aaufinwsing q wu lsaSeu Inende
uazuvinends Tidslvingavhmsisounsaouiionuaunisuninszatevedada dmaliliausadanisGeusle
puUn viliAsmsUsufaduinddln (new normal) aaufnnIasfesiimsusunasuguuunisaey msfauay
Usgiliunalviaonnaesivaniun1sailagdu (Tadesse and Muluye, 2020; Wayo et al., 2020) Lﬁ@lﬁmiﬁaui
\Antuegredaiiios Tunasuszmaitilanisfinisuiuasugunuunisdsunisaeusidulusuuvuesulal iy
andgensinm seawnnds Ju warduife TdeoninnsnslidaninFeuslusuuuumadsunisaouseulaiainanudis
Y09AUL09 (Michael, 2020) agdlsAnunisdnnisseuizuuvuseulatddmansenunedifSeulunaiedu i
arwilududonvieunfniigndesiisnufedidsuandaeu esngFoudesiuaimaruianiossulatids
VIANTARAIINEADU Feondwaliminnisdlawwafnfinaiaedeu (Onyema et al, 2020) SN IATn YNNG
e ewaynauuiiAnduluioadsulnifinamely dmadeianairemsiFeusuesiFeu uasdudunsifiunise
TirugunasesiifesiamnandunnsesfiSoulunisiSousuuuueeulatl uazuinseuasifsussaudymmieiiu
nsuvillsidanamfeslusuuuunisiFeunisaouseulaiiuiliussans nmnuazsadugniseddFouiianag
(Pokhrel and Chhetri, 2021) fafuFafuaruiimevesiferdeddunisianisFoudiftelmifnnadugnigeande
WISy

TumsdamsiBeuiiiftesivinemansngmneiiddyie msligisoulluuanigndeaiioaunsaii
A dulUldUsslsndludinsssn fusasldlunsSeusluananinidu 4 Mifertos gatiuligisouldduny
Audenupanniign e lHldinssuiumauazausaniinsdunn n1sdsansadey Msnaaes winiwad
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fumauy 518AZIBYANINTIU
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- ganInsIUwsulUeg Calvin cycle
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(Beauty) ANIUAITL

- msadraienalufinintuilasadda
- amndarugegninnldlumsnisansueulneenleiiuneulas
_ gsmadunazansrandausilunsruiunisnieniveulneenlesioosls
- lumsasrsthmanglea 1 lmanaaededldansorlsths srumuilimana
- fegiy C3

5.2 tnAnwhlunanisnseansueuresiy C3 luWeaunslu Facebook

P ) I o d' = s -~
AN 2 AIDENNANUVDIUNANT 3D NITRIIAITUDUVDINY C3
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filsanmannuissvesiuseiiiu (interrater reliability) Insnnssauduasanuifutazinszivndnsiniy Tnody
wuuiauuAnUsranaidosay 50 vessuiuianun Tuduvesaruniufilingeiu augdussiduazimiueivsooy
I§foaguittaaunazindoasululdifuuamilunisiangudnouuuaadely mntuanedidotnduuuadni
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1. wuadaiies Tassadanazviindivesnasisnanad
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wEalwaEnasouluds PS Il arntfuazdevnons dnasouludiisusidnasousa Imawawmwﬂaaaaaﬂmmgﬂ
Wluadhe ATP fiusiae PS | LLagﬁwﬁQﬂamaﬁﬂﬂé’ pandaulunadnsmiig” (BI27, kUuTinwuiAnndasyw)

3. WWIANSBY N1SASIANTUBURSAY C3

rounsdnmisiFeusinAnudwlnyiiuuafeineimansaainnaeu (MC) $1uu 11 au (Fevaz 50.50) Tag
UnAnwlaaiunsasey Uﬁﬂgumaumm?qm%uau maé’wa‘uaUU%Lqm‘ﬁLﬁmmw?mﬁuauﬁaaﬁqmﬁaa WU “NITA3
ASUBUTRINTELTBANnEDAE RUBP ’LuﬂgmmmﬂmawLﬂmuuul,aam"lma’masm” (BI25, wuudnnwiAnnau
Sou) uay “nsmeladisnainginnsdl RUBP Uiy CO,antiuay mmiﬂi‘ﬂumiaswmma” (BI26, wUUIA
WIAANBUITEY) T8RN NUTINANYIT1UIY 6 AU (SRBAT 27.27) TUUIANINIAERTUIEIUgNFADILAZUUIAR
AnaLAdouLIsdIL (PCRSM) TnerindAnuszyin “mssdsaniusuasiinainnsinandusiildany fidouasnly
WU ATP %Qﬂﬁmﬂﬁﬁ%%ﬁaﬁwma%Lﬁmﬁﬁnmlwmﬂaaﬁ” (BIO7, wuudanwAnnausew) adrelsinunuing
tndnuiilineumanamielifidmeu (NO) S1uau 5 au (Gesar 22.73) Tuvnriivdaioudtndnudningfiduufn
rmanignaes (SC) 31w 13 au (Fegar 59.09) uidmuirdnAnwiumAainermanswuuliiauysel (PO)
1w 7 au (Sevaz 31.82) netn@nwseuin “photorespiration tuujAzeneendindu flannsaintuldsewing
nMsnssansusuvesiin C3 Tunsandesndiauiusiuiuninluwadly” (BI01, LuuSaumnAandusou) sgslsin
‘wmf’lé’qﬁﬁfﬂﬁﬂmﬁﬁLLu’Jﬁm%wmmaméuwéauQﬂé\'aqLLazLLu’;ﬁmﬂamm?{auquau (PC&SM) 91U 2 AU (Souay
9.09) Inetindnwszydn “luadauvedlutiazlinunisnismisueu Wesnnldwueuledififedes was liwu CO,
luwwadau” (BI15, wuuinwuifandase) uag “fiy C3 Juiivfifiszuuniseiemsueulasanlansie Calvin cycle
Wesegaiion waglilanusansutany 9 l¢1 Selnsndemndusuiissndasion” BI11, wwuSaunAandasow)
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4. AINTIANTUBUVRINY C4 waziy CAM

rounsiansBeuiindnuauluafiunaaineimansaaiandeu (MO) $1uau 12 au ($evay 54.50) Tag
dndAnwlianunsnszytunounianiinifveu vinafifinnisnisansueuresiiv Ca uasfia CAM Ifegsgnis
Tnetinfnwszydn “dy C4 Tdoulesl RuBisCO Tunsmssmdueulundausniitethlasainna” (8102, Luuiauunan
ApuISEU) uay “fi CAM p3a CO, Idvianansunasnansiuiniitlsflamssnunaslswanasn” (BI04, wuuinuuin
rouFew) sesaunnuiiiindnunguilsifimeu (NO) §1uau 6 au (Govay 27.27) uaziinAnwiwwAnineeans
UsELgnABILaTUUIAAAAIALAABLUSEIL (PCASM) 117w 4 AU (Fovaz 18.18) lastindnwisyyin “lududzan
Dufte CAM 2giinsndeansueu 2 ade adwusnaeunansiu uasad 2 meunansiu szreunarsiutinlula Tu
Tuisfiansusulaeanladiuns” (BI16, wuuinuuwiAnnoudew) mussu luvasivdwdeudiinAnwanlngiifiuafa
Wemansgnaes (SO 91U 13 au (Segag 59.09) wagdmuirtnAnwdluuifnineimansuuuldauysal (PC)
$1uau 8 au (Sovar 36.36) laetnAnwszydn “nissemsuauvesity CAM 1iin 2 afs Tnsnmnansduasd Co, lu
Tuwn auldansiitednian (Malate) Wvazanls mndilunanansiuimianazdass Co, Winnsnsssuauass
7 2 1fieadraimna” BI04, LuuIALIANEISoY) aEha"l,ifdimuwuﬁfﬂﬁﬂmﬁ‘ﬁLLmﬁm"?‘wmmam‘wz"hugﬂé’ml,l,as
wnAnAaRAABLUUISEIY (PCRSM) $1uau 1 au (Foay 4.55) TasthAnwissydn “msaisefueulneenladvasiiy
3 \Anlag PEP (phosphoenol pyruvic acid) 53usaifu CO, w&ald OAA (oxaloacetate) Fuduansduviaiiasueu
4 pxmoudusausn Tnefinsnss CO, e 2 addlunanansiusasnansiu”

MranFATenuidnAnuAiFeumesuiuunisdanisiieudzuuuy 58 model Suamsoiauuafn
Inermansise maé’qmeﬁéh&JLLaﬂéfﬂy'uawmmm']Lméfwiaiﬂﬁ

1) mﬁﬂmiﬁ‘auﬂu%uﬁ 1 ildnAnwildnuniuausian dnisiianufiduunldlunisneudiny
nsgsiliindnuléfin nitadsdinsedursuuinisaou fnqusvasdlunsiBeu silvindnildmsutnngluns
Seuldosndiniau uprniouiiazeuiidonludalusiu q (National Research Council, 2000)

2) m3danisiFousluduil 2 DudumeuiidnfnwildduueumnesmilidunimanudluideiasAn &
mshausuiudungy Welemaliindnuldiaussianug afsesdanuifonues Fatunssuiunsvin
\Hunguilalomalviizeulduanivdsussuinelunguuas Sufunununsinuissimnguuesauiedlug
\Wmne (Mcdonald, 2012) WudunidsiviligFsuanansaimussdauiasiaduasamsinusuiuiugie
Juguuuunsiseunsaeussulal

3) mﬁﬂmil,'%ﬂu%‘lu%y’uﬁ 3 Juduneuiitnfnwldasiolfunnanssy Imaﬁwmﬁmm%ﬁlﬁ%mﬂ%ﬁ 2
miﬂumiﬂgummmmmq 9 vialvdn@nwiinaudilavasy uaamuammm5Lﬂuiﬂﬁimmﬂawu
(Prasertsan, 2012) aﬂmmLﬂumsamasu’lmLsﬂuuﬂgauwuﬁﬂuaumaau srafleusandu warersdiaeuriliian
N13i38useg19lAUNINY aawa’lwwLiau:uLLmﬂﬂmﬂmmmﬂwuml,avaﬂLLmﬂWﬂmmmaaumaamsau’iwamaﬂ@
(Cakir, 2008)

a) msdanindeusluduil 4 Yalenali3oulduanudsuionifetunastu dlfiAanisueniy
HoRawanauaziirluusu sl liRTy FldAensiauisess s uasdanud inuenisin saulufeds
ansathesmusaleludszgndldlvimngauduanunisaflu q (Udomsin and Porntrai, 2017) dswalitiindnwn
mmmL%Emﬁuwﬁaﬂﬂ‘wmmLLazL‘%Emﬁﬁu’ﬁaﬁm‘wmﬂLLazmmgﬂﬁawm?ﬂﬁmuLaﬂﬁLLﬁl‘ﬂﬁﬁmﬁﬂﬂlﬁmaaﬂ

5) ﬂﬁ%’mﬂﬁﬁauﬂu%uﬁ 5 1 9uRanssuiinsvaeuanuilanasfunisUssdunavestindne Wunis
duaduunAnfigniasestinfne silvindnyifnaudilafidntwouudniu 4 (Sutthiwattana et al,, 2019)
5m?1”’a€faLﬁuﬁﬁ]ﬂiimﬁL%T,amaiﬁﬁﬂﬁﬂmlﬁﬁwmﬁmmimawmaﬂﬂLNEJLLWS'IuﬁaI%L%EJaGm q viliAnAY
magilalumuies wazanunsaiosdmnusilasulumeunslmanussloviluaumginnldogamnzanluanumsal
Uagiu

2. anARvalinAnwrdien1sinnsiseuisuuuu 58 model Tuguuuunisissunisaauaaulall vas
infAnwagavIvIdainen
NMTIRTwRlemilsnnuuutuiinnsiieuivesinfnydIuig 22 au LansRswm1sNn 3
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A15199 3 AuduazTeuazAmauvetinAnuiuansisanafisen13InfanTsun1sSeussULUY 58 model Tu
sUkuuMssEuMsaeuaulall (N = 22)

LAARYBILNANEI ANYE (AL) Sovas
1. ffanssulitn@nwladdinsiuudavdunsisoueeulad 22 100.00
2. Aanssutelidnlauassudonldunniu 21 95.45
3. AnssuviliAnUfduiusfuosduandouluduou 21 95.45
q. mifjuSﬁm%Lﬁamauﬁm’mv‘iﬂﬁﬁméaﬁumiL%'EJu 17 77.27
5. M3YNAINTTUYILIIAARANLARAS19855A Hauaae linsanainnns
> ) 13 59.09
SougUiuuseulall
6. ladunimanuimenues 12 54.54
7. nanlunsvAanssuaeudiauny vnldSouilemldiios 7 31.81
8. mahnguitevihAanssuldinannu sziteunsaudunesidaliiaios 5 22.72
9. m3gudennlusunsugudelsifinnuviiie thanwusaulalldneudan 4 18.18

151l 3 nuiindAnwdnlvganaifiddenisifeudmesuuuy 58 model Tuguuuunisizounis
aouseulall lneinAnwdau 22 au (Fewaz 100) Wanuiuinisianisdeuiieisamaniifanssuliindnw
Iifidrusnudazsdunsinnisdeusluguuuunsdounisaeuseulal dnAinwidiuiu 21 au Feway 95.45) I
anudiuinfanssumaslidnlauazanduiomldunntu uar AnssuiliAsufduiusiuermsduasiionludusou
inAnuduau 17 au (Gesay 77.27) Tianaduiinisguidsnieiiiensudinusilvandedunisieuuniy
UnfAnw1duan 13 au (Seway 59.09) svyinisvihAanssugieyiliiinnufnasneassd Weunate linsenainnis
Bouguuuueaulat dnAnvisiuau 12 au ($ovay 50.50) svyiRanssuililddunimaruifenuesnnty
ag13lsfinun1sdnnisiseuimeisiind ndmalitdnAnvidianafinisiuauldwuiu nudtdnAnvdiua 7 au
(Fovay 31.81) Wanaiiuin vatlunsihianssusie o lussazauseuirddinaiuu Seilndoudonldes
tinAinwdiuau 5 au Fesay 22.72) seyi1 madinguitevhAanssuldinanunu msgiteuuisnudunefidala
afls uaztin@nwisiuan 4 au (Fesaz 18.18) seyin Msdudeainlusunsududelsifimuifa dhanumunsaulaile
pouUMAN kazanmsinseidomlusuutuiinndsnisaeureseinnsduaruuutufinnisBouiuesag uazsuen
fnsunduseyssiauiidrifylduansdaanaisuuinvesindnufifdenisinnisousnuiiudasUssiiudl
TwanBenderoluil

1. fanssulinAnwldtdansinufazfunisiansiseusluguuvunmsiSeunsaouseulat 1osan
tndnwldhRenssuiadesing deliaa nagulassadng diiauesu dealitnAnyifnemufmeladenisSou
lifirudemielumsiFeunnmsiliussenevesenasdifissaien wasdodunumusemusmdminEouauly
usiazAu wananssuviliinAnwlatdiusulunistou wiaslilandymiduniiounisiiouluiosssuund nsle
BostnsdudnninaueitnsmiliFosgndesmunisiianssuaunsang q 3ol uansnsainileunsalal vilsidl
arwaynauulunaiFeu dssyliluutufinvesin@nmiii “geumsdldvhamsuneunszuiuniseg q de
dee WWumilounsliinAnwildfidusiulunsdeu TihRanssuuuuivilfiBouaynmniu wesSeudilade”
(BI07, wuutuiinnisseus)

2. Aanssutaglidnlauagdnilenldnnty emndndnuldasiioufualunnianssy ieadsesd
Arudfenues uarilonaliinausludsiinuasduny ilvduaiunnudlawassndonldftetu fessylily
wuutufinuestinfne “voufidnisliiiausuasnn insgvydniinsiamaluidisEeudastelinyduiden
wandlademlddnhmsisilafiosesafenasreuianssuiivilinyfunimnszuiunssig q untu Filsnys,
domlddundu” (8110, wuutuiinmaidoud) wae “ayfaimsliindnushianssudediaies awstiliinAnwd
diladelds maemgdladenlumdodlfundunimeuoutseun 1 fx” (8102, wuutufinmadeus)

3. AnssuwilAnufuiuifuenasduasioulutudou lunsuitanenssuiiviilidn@nuldld
sunguiieufoffanssmhliiuffuiustudeulusuSountogfuauasd fssylunuuiufinvosindne “vhls
p19158uaztinAnudufduiusififiuantu uassiliindnwdienuaynauin” G127, wwudufinnnsidoud) uas
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“slaulafefivinanntuuarliidetunisdousniuly fujduiuitfuoasduandieu 9 wasvilvifanssudayn
1Nt (BI28, wuutufinnsiFous)

4. msduiSendeiflemeudausiliiandefunisiBeu Anssuvileiiunsalilunsdanisiouifenisduie
Lwamaummm ofunsiudsasasvasunmiiloluusde Shutelindnsiiansensetunsdounniy
Fefindnunszyin “dnsduisondensudiaiu shliidesdunasaiariterasdaziSendersmievan ildiiey
nszfesesuluniaseu uaziwdznauiin o1913dnastisesunglidilagndes” (BI13, wuuduiinn1sseus) waz
“Hufanssuiivhlfiniiusognaeamazimsduaunasany linassosslafuasiumaalnialulm funae
Az~ (BI09, wuutuiinnisseus3)

5. MyvifanssutieiliiinauAnaseassd weuaate lin3enannnisiieuuuuueeaulal Tunis
FannaBeusifansauiliinAnuldnngy seuned senuuumsasnddumanszuiunistunousine iliinAnulald
AauzshliAanssiounans LirSenannmsinnisiseuslusuuuunsiSeunsasussulad lnslawzindnwiiini
atfalunisnngy szuned msvssivgaeing 4 Iinszqulildauanasieassd leassassdnasilieanui
Usgiiulauaziimnufianelasionanuuesautes daiitindnwszylilunuuiuiin “vyveuiionasslidaulsgy voud
WﬁmuﬁaﬂzL%’]Lﬁ'wﬁaﬁu%mz wszuvinlvnyidndeunansunng veuiieansdlmeumanuuuuiees q

wldflazuuuiv wouflonansdawin lidnlansslnundifazedurelusiui (18, wuutufinnsi3oud) uas “d)
arwiAnveutufanssuiigannvansuarAanssuiviliifinaufnadeassdaulnentsinamudauusnnliniia
wniu Ifeenuutuarassassiau FilsiyesniZoumnn 4 Az (BI04, wuutufinniaiioud)

6. Iruasmeuifenuies mndenssulumsdanisouiilidndnulizoainsdmnsiinnszuiunis
fing o TAgadesfunsdanseidonds 3einnsinnszuIunsene 9 wazdessiuluides 9 udunou
anvie shliARemTmefazdeademduneufignies dnfnwfesinunszuaumasing q Aesmesauinanug
wazthandnBeaingslignies Sntsnsaduliaiiieatunszuiunising q dndnvdedluduudoyaiigndesun
sonuuuuazasslnaliielildlunatignaes shlsihAnwifnnisAunivaueaues feidndnwssyluwuy
Sufin “aynunn wagiuduinsasesvieisndomgmvield ViliFedlumieyauneundidninmvhaonsaly
nsseUnsAuaznsasluea” (111, wuuluninnsiseus)

uananinuggidedmulssduddyiidndneliuandaanefnadiuauiifiiontsianiagouiniu
swaniBuniiuanserolull

1. alumsvhienssudeutieuy shlvzsuidonldtos ileswninsslunisaidunaeddinaily
meiAenssufiuiu nddnAnviudagnguassmnguiuiesenuuulunatazaiidluea vilivdenailunisasy
oy 1 dtes dilseylubuusufinvestinfine “Aanssuaynusinunsiinahianssuuuiuly ildnaFou
Wey” (BIO3, wuuduiinmaiseus)

2. msidnguiitevinAanssaldiaaiuiy mseileuunsaudumesidelsiedes iesonidumsisougiuuy
oaulatl uagdnisliviiAanssungu Tnsenassliindnwiluadiaiesszan Google Meet Tuallundagngu §s
thanwusaudumesidaliiadesinlifldnarlunmsndngy veifvaneenannguuasiinndrngulnivesads i
mulsisioideslunmsiianssungu dsfitndnwssyliin “Sumesidnveuitevlunguvyvaatesdy lalnwiteuuy
Az uadwilinyifanssuazan ladsuduanrzs” (BI14, wuudufinnsiseus)

3. Msdudennlusunsududelsifmnuni dndnwusaulalldneudau Wesnnlusunsuildlunsdy
Bunfenoudiniuresenansdindudedt q vesass auildindnwusaulaildneudiany udenasdfaould
uidgymlnefinisSendetndnunilidosldmeudnnielildneumanunilouilounudu q deszylilunuuiudin
“wgimsduiiendounsauililauduihlinainlenalunisaeudaiu winds o ue191sdiinsondenuilsidesls
mouvynlawmy” (BI18, wuutuiinnsiieus)

MNHANFITY WU EndnwfiFeusesuuuunisdnnisiioudsuiuy 58 model luguuuunisi3ounis
asusaulall dualuliinfnwifianainisuindonisdanadeu Inensitelunfidaonndesivauidoves
Toraman and Demir (2016) #@nw1amuenansiistesiunguinnsairsassdainug (constructivism) ¥4 Piaget
wuln thisuiiBouseTsmsaiassAruinuuuma constructivism dswaliiAnianadifsnonisious shlian
na3eusluininemansogfinnuguuastniouaynfunuiiadeassdfenuies TdususutuSeuiegua
wlou BnvisdsdamasonisiFousinemanslifdudnds asiuldirsuuuunisdanisdous 58 model fign
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Wauuainnguiifmuinisnisad Yo ves Paget uarA3I3BudmuLLIAes Vygotsky lvinAnuldiasiie
UftARanssu Insademnuiienuesiunsyinianssy dswalitnAnwiienadfiddenisinnisSeudmeguuuy
fanay Bnviaannnsfinuines Phueaknumpol et al. (2020) wuinindnwnii3suseguuumsdnnisidoudzuuuy
58 model flanaddonisiiounisaouluszivann lnglanznsiiujauiusiuiiounazniaiFeu msviauuiia
wagnsfidiusnluduiFou ogrdlsfinnunudt fdndnwiiifianainisduaudonisianaioud Teaoandasiy
Bimbola and Daniel (2010) fildinsAnwinaveanislimgquinsaiiassdanuduililunisdanisFounisaey
wudn dnieuusdudsduingiunisaeunuuusseny dlnasdieujuRfnssuavdmadenissuniuaituniaseu
denlusredvndy q slkSsuiomlddenas %ﬂLﬂummﬂaﬁwﬂﬁlﬁma&nﬁ’uﬁ’mq{mﬁﬁﬂwﬂuﬂ%ﬁ

#3UNAN13IY

PNNMINAUILLIAAAMEIMERT 59 MIFIATIEVPnERAILAEIIRARYBILNANWIATANUITIINE BN
fansi3eussuuuy 58 model mgldanumsninisunssruinvestein-19 anunsnagUnaladel

1. thdnyimdngnsagmanstudin a1unTineramnsaiauinuifnineimans Sosnnsdaunszvice
wasldundu feideuddenisdoussuuuy 58 model dndunilslunanisniond aunsevuinsgrunnid
seAUgANANYIWRINA (TQF) sunwd TnsnuindwaudnAnuiduufnineimansgndes (SCO) vaaTouganiy
roudsulunnuuade wagindnwiilifunde (NO) uazuwAnivermansaatniadeu (MC) luthmdasouianas
Wudnunadledisuiuisieusou esnanuunfaldgnimunsgraiiulddeluyninssuvesnsinnisGeus
sUuuy 58 model Inpfluurdnditndnuiluuidningimansgnsies (SO) geitane uuiAnizesaaslsnanas S1uiy
14 Ay (Fopa 63.63) 59RuNAD WNARE0INNIATIAMIUBLIBTY C3 UWIARITEY NMIASIATUBUYENTY Cd uagily
CAM $1uu 13 Au (egas 59.09) mudWulaziosiignfe uuiAnizes Ufiseuas fd1uau 8 au ($evas 36.36)

2. A ndngasagmanstadin audiineiiGeusfaesuuu 58 model fanafdentsdnianssusis
yeuuINLaEiuay Madnaeiseldasianaimeinuuanty 6 Usuidiudel 1) fRenssilitnAneldddius
awifiunisFeuseulat $1uau 22 au (Gogar 100) 2) Aanssudaeliidlauazsidomlduindu S1umu 21 eu (Sos
av 95.45) 3) fanssuiliiaufduiustuonssuaniteuluduSou S1uau 21 au (Gevaw 95.45) 4) maquiSenie
ienouaviliandefunisieu S1uau 17 au Fovaz 77.27) 5) msvhAanssutieyiliAnauanaineasse
Hounae ldiaseninnisieugduuuesulad 31uiu 13 au (Seuay 59.09) 6) laAualmanusmenuies iy
12 Au ($oway 54.50) WaganzfAdodmuinindsudeisnsilusuuuuusnaniuiiis (online) anusadanals
tndnyanefimeuaulfivudetu ansdidlfaguusiuddy 4 Ysafuded 1) narlumshfnssudeudig
un sihliowdemldton $1uau 7 au (Gesas 31.81) 2 maianduiitevhianssuldinaiuiu insgiiiouunsay
Sumosidnluiiafios Sau 5 au (Fesay 22.72) wag 3) msgudeanlusunsududolifanuiis dndnwiuisay
Lildmaudnanu 91w 4 au (Seway 18.18)

Ualauaunus

daLauauuLNUITY

esannaideilddafansalugduuunisBsunisaeuoaulad Fadunsdanisdeusiviaenadosiy
aounmsaflutagiuiifinisumiszuinvedein-1o nslidn@nuldvinanssusne 9 agemswleuammdouidudiy
Fan-gunsaliifedldlunisvinanssy dnmsddudionarslumaihianssulith@nvivhnsAnuneuaimiuagsdou
an-gunsallimfeuneunisdafanssuiFeud ielvianssudduluogissuiu msesnuuuianssumusuuuuns
Fannsieudsuuuy 58 model Tuwsiardusinseenuuulimnzauuarannadesiunissnniadouizuuuuniadounis
apuooulall uarandefununuuusuiinndudsuvesindnymuiiianainisuaudaelud 1) narlunish
Aanssureuttsu shlmFeuwdomldvos fideTwaiauanuslifinsoenuuuiansalimemngdenatlunsia
Aanssunaeuiluusiazeny TasutanatlunshAnnssuuasnsusssevieagienilsarumnyan 2) madh
nguilevhAanssaldinauu esnngideliindnudanauuarluaangulvinuanuasinslavesindnu Fse1a
Tnaeouthannlunismundy SwelausuurliiiasiBnsdlvdliutnduuosindnunounshianssuluu
ava1y warlugduil 1 vesguuuy 58 model WonasudainAnwiasiimssunguvinianssudtelindnu 4
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AmuesanseutewihAanssy 3) msdudeanlusunsududelifinuiiiie Wesmniidelfiusunsuguieiiiolien
noudinw delddudetinAnueulauds lildaudesenannsdu Suhlioranduinduaududild Sausiligiiay
iisnsdudeludnunz iy edudeindnumauleluudliiauiessn WedestulilhAnnisduio

Forsuauurlun1iduaaaly

onafinmsAnufuysmalusuioudu 9 Wy mevhaouimfuduiiwesindnuiluguuuunsBeunsaou
ooulatd MsRndeed madnadassd Dudu Snfnan1sidenuinnisdanisiiousuuuy 58 model a1unen
ﬂ’wmLLmﬁm%mmmamﬁﬁqn%ﬂﬁ FsenafimnudululdlunsiluldlunsdnnisBouslusidedu 9 Tuiund
\AertesifuTriven wu mamelasgiumad msdaunseilusiu viensuiagad Wusy
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Abstract

Problem solving is the ability to cognitive process and important issue of education development in
Veterinary Students. The Purposes of this research are to examine the internal validation and the external
validation of the constructivist learning environments model cooperate simulation to enhance problem
solving for veterinary students. The research design is model research phase Il about model validation
composed of internal validation and external validation. The target groups consisted of 1) experts in
evaluation and assessment 2) experts each to evaluate the model quality in content, design, as well as media
and technology aspects 3) students were 5th year veterinary students’ faculty of veterinary medicine Khon
Kaen University. The result revealed that model holds all components whose quality is consistent with the
synthesis of a theoretical framework and conceptual framework for designing and developing the
constructivist environments model cooperate simulation to enhance problem solving for veterinary students.
the problem solving of veterinary students shows that the students were able to create knowledge
representation and understanding the problem solving had the post-test average scores of 40 (S.D. = 3.96) or
95% which is higher than the criteria of 70%. The result of relationship between the students’ problem
solving and learning achievements found that positive relationship between the students’ problem solving
and learning achievements. The correlation coefficient values were 0.38 or 38 percentage. The students’
opinion showed that the learning contents, the design, and the media are suitable and supported to enhance

the problem solving for veterinary students.

Keywords: Constructivist Learning Environments Model, Simulation, Problem Solving, Veterinary Students
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AideAaTzideyalannnisdnyuseneulusensiesgideyadalsunalagfidpasiniauenisin iy
Foyamuiauusiidnu deil

1. Mmansvaeuanunsanelulung 18 mseideyalaen1sussenadadnsigiuarasuinny 210
foyafildannisussiiulnansadrsnnuds sy WWud dudem funiseenuuy uasdnudeuueiere

2. MsnsadpUANARMEUBNlFIINNANIAnwINILiTy HadugvEnsnssuvesieu arudiniug
spiemsuitymAusadugviniin1sSeuesiFeu uazarAniiuvesiZouiifeuselinaduandennsiious
1 TneifiBnsinssideyadall

L4

1) MauAtyn 19BN ieseilagldaifdaussens fe Frfesas Aade (X) uazdrnudonuunnnsg
(S.D.)

2) avwdiiudseninamauitymitunadugrininisfousesifouiidoudelunadundouniagous
1 1§38 nseidoyalngliataifomadulseavsavdiniusvoadiosdu (Pearson correlation coefficient) NN
azuuuildnnsihuuuinnsuitymuazuuunaaeuianadugrinianisiseutarulanassiuauduiusanne
duusravisanduiusendoinnsives Hinkle (1998)

3) AnuAniureiSeuniFoufelunaduindennisiouds 1935nesideyalasnisusseneids
Tnriuavasuiinnuandeyalusuudisianufniuveizey
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oy out, manipulate e problem

Cognitive Conflict ‘ ‘ Authentic ‘ Coguitive Proces: 7 Stap elements to manipulate

Cognitive Constructivist Sifuated Leaming Iit-Structused Problem Simulation
(Paaget, 1965) (Brown et al,1989) Solving (Jonassen,1997) (Jonassen, 2011)
Hint, Help, T
Monitoring ? ? ?
- ad A itin
Cognitive load thaory
% wannamugmthirug N Chunting
—p (Sweller, 1994)
Cognitive Appranticeship:
o e |, cencory ragicter
-~ short term memory
(Cottias et a1, 1991) | Theory (Ktasmeier, 195)
long term memory
* Mental Model
Conceptual modsl
T b e [
+ | 5 (Selecting),
‘ framaazatununsaiang }— !llﬁﬁﬁ'lm_"ﬂ'l =, ) B | 5| ©orgamiztion),
TunaRunadeunsioud - (Mayer, 1996) 1 Gntegrating)
AIIARUARTARIAR
Srumauazatumpunisatiuanug awnsiemia B . e

dx o .
T unsundam

OLE: Ly >

Social Constructivism
(Vygotky, 1952) (Hanafin 1999) =
v

v v

Zome of Proximal Seaffolding

Devslopment - Concapmal scaffolding

scaffolding

- Procedusal scaffolding

- Smategic scaffolding

Cogaitive Procezz 7 Step -Inte;
d gratiag tool
_ Represeating a set of

related experience -C

AR 1 eadanedeun1sseuiinLwIReuan AR IadsIuiuN ST sEa U0l
Adaasunisunlam dusutndnedniunng

NAN15IBUaLNI5aAUTIUHE

NaN1339Y

NANIATIABUANLASIBS ARG INdBNNS IS BLSmILIAR AR SARTARS A UMSSIABaa U5 alT
duasumsundym dwsudnfnwndniunmg Usznounie 1) nanmsanwanunsiniely way 2) Auasinisuen 6
TwauiBonoluil

1. wansAnwanussaniely wud Tueedwaedouniadeuss dwauntuinnussaniely fennuans
Ussiiiuamnmuesfidermysuion Funseanuuy uazdudeuuiaietis wuin (1) duilemn fidevuas
asaumAlinnumnyay asounqu dos nsideariedudi fAnvuasduatumsuiymvesiou Womiiaw
viuasivanunsathunldiuiindsedfulduazanuselfidumdunsilugmsuioaes () sudevuedodns i
nsoenuUUNinasuarn1sinesfusznouniseenuuulunaduIndennsiSeuinuuuineuansaiiadsiuiunis
Fraesanunsalfiduaiunandtym Ses madeavieddush Sanumanyey nsesnuuunthaedianuazaan
ihaula Tnslanzgnmuazmautiadnduresisiarosdusznaundn iy aniunisaidym deviniadous Dudu
dmsurunarasiadnyseudis daiau dvesindnvanaslundsiasnusfinnumnzan anursoneafiulddaau
sUuuumsthiauaition fn1seenuuuldd dnsvinshtendniidniadeuledlugeasdonnislu daelfmstiaue
dlomiluszansam mssamaienidugiu finnuseiios (3) Funsesnuuy nsnseRulaswadmlyaiuas
duasunmsuidym wud “anrunisailyn” Insnsedulassadrimedyainundnnisnisviilidsaunaain
nufinouaniaiiadidetlynn (Plaget, 1965) ainsthanmudunads (Brown et al, 1989) w1eanuuuanILTal
ﬂzgmﬁiﬁ@%‘auié’mmwmwL‘flul,%”maﬁﬂmm §ﬂﬁgqé7qema%uﬂm,l,ﬁﬂzym (Jonassen, 1997) kagn1991a03
anuni1sal Jonassen, 2011) n1saduayunisuivaunanislagay nudn “unainisiSeus” dnsadvayunsuiu
lassaframelaalaeysainiamged 1o Information Processing Theory (Klausmeier, 1978), Mental model
(Winn, 2004) wag Cognitive load theory (Sweller, 2011) iwﬁ'uimmamiﬁﬂui OLEs (Hannafin et al.,, 1999) way
Tuiaa SOI (Mayer, 1999) TnsunasnsiFeuiazsiusmansaumaiidnogluguanufnsiveonuazesnuuulyigiGouls
AumansaumeiothluldlunsiaisfianisiFeus nuin “wdssilemadyyr” Preatvayunisaiieniuives
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Fisvumumdnnisiedesiienisilaya vedlunansiious OLEs (Hannafin et al, 1999) uaz wui “nsallndies”
SzhEJaﬂumgumiﬂ%fuau@awwﬂiyzyﬂmaawﬁaﬁugmmmﬂmé’ﬂﬂ'ﬁﬂ'ﬁaaﬂl,l,uu?ﬁl,l,mé’aumil,'%auimml,mﬂauam%ﬂ
#an CLEs (Jonassen, 1999) nMsduaiunisundayy wuin “auddaasumsundym” dnsdaaunisuitym lag
panuwuuliisewiaisfanisunlagviaunseuiunsundaym Uonassen, 1997) nsduasuuazyigiviion1sasg
A3 WU “grumstievae” uaslinmsduaiuuazismdonisaiiennnd dwsugBouiliannsaaiiunimdine
AIL09 9INNENNT Zone of proximal development 31ANgwd] Social constructivism (Vygotsky, 1978) Tagysan
N59AY §1UANNTIBNERYRY Waa OLEs (Hannafin et al,, 1999) uay “aAudliAuugir” dinmsasnanuilngld
msfinaumatiaya Cognitive apprenticeship (Collins et al,, 1991) iileuuiFiFou

2. nansAinwmAnuasInIeuen lnen1sAinwianunsinisuenlaefnyanuansgnuveanisidluma lawn

2.1 namsfnmnisuitymvesisey msfinwinisuilgmuesiseulaefiuvfeyadeUinalaglduuy

SamsuidgndsnniififouSeusedanadennsiFeuds wui aezuuuiilsanmsvuuuiamsuitymues
FisouiiBousnedanadeunsiFeuds s1um 20 Ay Fauanslunined 1

M13199 1 KarzluuNMLIlnmaussuvesiSeuniseumelunadwindeunisiseusnuuuinsuansaimiansuiv
mMsdnassaauNsalnduasusuAdym dmsuindnwidnaunmg

NIEUIUNSULATYN

z & =z 5 : £ 2 2S¢ . ¢

Bar | EREfe TP BEsg: FoEf SDE: LG
ATUULLAY 10 6 6 6 6 6 6 a6
X 8.80 5.35 5.20 5.15 5.20 5.30 5.30 40
S.D. 1.01 0.67 0.83 0.75 0.89 0.86 0.80 3.96
fouauiafy 88.00 89.17 86.67 86 86.67 88.33 88.33  87.61

) 57“3”““7; 100% 90% 75% 80% 80% 85% 95%

Fuinaneess 10 (20/2070) (18/20) (15/2070) (16/2070) (16/20M9)  (17/20e) | (19/20Au)

SruufiFousionmn (au) 20
SunufiFeuGsuifazuuuiuinusizesas 70 (A1) 19
YovazvosfiSouiiiazuuurunamiesas 70 (32.2 Azuuw) 95

91n5ad 1 dazuuuildannnmsianisuitymessiBouiiounelunadaundeunisFeuss ldan
nsvuuianisuidymvesdiseu Inenguidivuig 913w 20 au wudl Areziuunsuilaymiluningiy a1n
AzuuuLiY 46 Aztuy Ui TEiFou Swu 20 Au Aezuuweds (X) vesiBeu Wiy 40 Adudsavunnsgiu
(5.0.) Wiy 3.96 FawuEGeudwau 19 au ihunusidosas 70 MnAzuuLiy (32.2 Aziuuiuly) TnsAndy
Sovay 95 voafiTuuionun uardeazuuunsuidymvesdSeuusaznszuiunsia 7 nszuaums S5uaugideu
wnmirfesay 70 AiflavuuunisudtymrunasiSesas 70 muditmuall ddlseandendiil

nszUUNITT 1 Mssrydesiwesdamuazdodidnvetam fdaziuuade (X) uinflan winfu 8.80
drndoauunnsgiu (5.0) wiiu 1.01 Trfesaziads Wity 88 TaeiifiSeudesas 100 (20 Aw) Teminusifosas
70 vasnzuLLTitnualy

n3EUUNTT 2 MsszyuazyinlinseadalasuansauAndiulazssmowesiiidaulidnuids Tanzuun
Wdn (X) Wiy 5.35 dudoauuanasgiu (5.0.) whi 0.67 fim3esaziade windu 89.17 TneiliSeudesas 90 (20
Aw) Trunuiiosas 70 vasaruuLiifinual
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n3zUIUNSA 3 Asasrswannensuidgmndulule Saraguuutade (X) iy 5.20 dudesuu

a ¢

1 MsgIL (S.D.) Wiy 0.83 fiAndevaziade wiriu 86.67 lneilfi3ousosay 75 (20 Au) Akunasiesas 70 Va9
Azuuuiifvualy

nsEUANMST 4 M3vssiumadonuuamsmsuidamivils Tnemsaiudelduduasanuidediuynna
wagdnduladonuuamanisuitiym daazuuuade (X) winiu 5.15 drudsauusnasgu (S.0.) wihiy 0.75 sl
Sovaziade wiriu 86 laeileusevas 80 (20 Aw) Tuinnsisosas 70 vesnzuuuifmuali

nszUUNSA 5 Mafdutesiesiymuasmadonuuimanisuitiywn feazuuuaie (X) Wiy 5.20
dndeauunnnsgu (.0.) wihifu 0.89 firn¥esaziade Wity 86.67 Tneflioudesas 80 (20 Aw) Thiuinasizes
ag 70 vesnzuuuivualy

AsgUINNsh 6 mstuwmanisuidaymivduaznmsiduummenisudtym densuuuads (X) whiu
5.30 dhuidnuuannsgiu (5.0.) wiiiu 086 fledosaziade Wi 88.33 TasilfiSuusenas 85 (20 Au) Mkunasi
Yovay 70 vesaziuuiiimuali

nszUUNTR 7 MsUfunumensuitymn Seezuuuads(X) wihitu 5.30 daudeuuuunsgiu (S.D)
Wity 0.80 fidnsanasziade widu 88.33 lneiliiSoudonay 95 (20 Aw) Tiunasisasas 70 vesnzuuuiiimualy
TagagunuingiSouiiaguuunsuidamsinunasiidvualy fo fiSeuunnitfesas 70 fazuuunsuidamein
naTiSesay 70 audidinualy alunmrsuarluudaznszuiuns

2.2 wamsAnwianuduiusseninamsuitymiunadugvimanisouresiBou msfnwarudusiug
sewinensnsuitymuasnadugniniinsdouresfifou Tnednwinnuduiuainazuuunisiuuuianis
uitymuazmaziuunmMsiuuuageu TanadugvisvesFouiifousedunadeounsiBeui S1u 20 au lag
ﬁWﬂzLLuumiLLﬁ’ﬂzgmLLazmLLuuwaé’quémanﬁﬁauma%mmw scattering plot 9anthuhundaszilagntsmen
avduiudvoafivsdunsulanaseduanuduiusandrdudssansanduiiusorfeinaaives Hinkle (1998) &
LAAINANTNT 2 UagRIANT19T 2
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=

17

waauqﬁmamsﬁﬂu
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15
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32 34 36 38 40 42 44 46 48

y
AzuukAUsym

Ad 2 AuduiusznIenIsAlymiunadugnnieanisiseu

0T 2 namuansliivinaiazuuunsuigymianuduiusiuazwuunadugvsveadiouniauin
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A3 2 ANLANTUSIEINNsuAUg LAz nadugvan1enIsiseu

3789013 n1suAteynn KadugNENIeNEEEY
nswAdeymn Pearson Correlation 1 0.38*
Sig. (2-tailed) 0.09
N 20 20
Naﬁquémﬂmiﬁau Pearson Correlation 0.38* 1
Sig. (2-tailed) 0.09
N 20 20

*p<0.05

N7 2 AnwdiiussEriensuAtyitunaduginisnsdouresifeuiieuseduandeunis
ouga :nmsasigsideya nu fidn Sie. (2-Tailed) Winfu 0.09 dwnnnd 0.05 siufle Ufiasausfigumdn (Ho)
youSUALLAFIUTDY (Hy) Terduuszavsanduiug () wihitu 0.38 iedosas 38 wandliifiuiimsuidamuesidou
fanuduriusfunadugnsnisnsouvesiifouiauduiusiudumauinuasinnuduivseglussduiies 3
wandliiiuiBuiifiazuuunsuitymgeasiidazuuunadugrigsluie uaslumwsstududfSoudazuu
nsufdgmenaedidazuuunadunrdsilude

2.3 namsfinwianuAniiuresisow msfinwirnufndiuresisoulnefnyanuuudsasnuAniuyes
fiFou uariiasizideyalaonisusssnodalinmsinazaguinm wud 1) fudonn wlsesnidu 4 fu i
swaziBuadsil (1) dnwazveailon wui {Feulimmgniesuasimnzaniussiunisdou fmnudaou asounqy
uaziBadensinudunimauivesfiFou fmmiuaisansatunlifuiinuszsriuld 2) suuuunsiaue
dovn wud fufinnaAniuindsusuunaiiaveilemianunsiingn fédudufianseviliaenaEeusia
wazdresianshedla umimLauaLuam‘mm‘uLLUUﬂﬁmLauawmau% finsdnmanaunyirlivszina
asaumAldine (3) Aranmnzasvesniseonuuliion wut fSeulinnudadiuiiinnuasenndesiuidon s
aaﬂufuum‘wmwuaaﬁﬂ,amLiaugmmmﬂwwﬂzgmlmwuumnmwmﬂwLiauwﬂammu A ilidlaleiine
wangauugiFeu shlidlaesiifnyundsdu mslddwimaiaiiniseduedaau uay (4) Usuiaweaion
wud1 fiFoufiesAniuididenlugudmsaumalivinaufissnedmiunisadeaud iomansatunldty
TAnuseruld wangan $1de Adomlbnniiuly feudfivarnvans deyaifivmefiazinunldlunisudtym &
domiiwulduesuazihluldldaga 2) Frunseenuuy wud (1) anumanilym tensedulifFeudludatady
drunilsvesanunisal SuiliAnanudnlunsuidamilugusoul devhundszgndldludiausssiiu fins
Boufuazuitiymldfeaues ludumesansin daglienudaldilant fdeufinsouvesnnudniiunnduludu
99 (2) wiasmaidous dnmsviueuifaenindn fnsldnmasassneuiiomesafussuuaunsodumdoyaldie
Fu (3) nsesdlemedaygn ‘1‘7§aﬁfuaqﬂﬁﬁﬁaﬂé’a%’wmmiﬁmLﬁmlﬁﬁLﬂ%ﬂﬁaﬁszhEfLumaL%EJuiLLazLLﬁ{‘JzymLLaz
ysannsanusldifuetned (4) guduanidsuiFeus MatduayunisuandsuSeuiuasmioruuditymativayy
Tinsvihanusaudu (5) nsdllndifes dnnseenuuulasnisihussaunsaifiifeitestuanunisaligmdsdiFeu
annsathudduasidenlosUssaunsaiiiisadoantflunsuitiymluanunsaidamld (6) quidauaiunis
wATaymn Faedaasunsuddaymasta 7 nszuaunis T,m&JﬁmiaaﬂLLUULﬂugmﬁiﬁﬁﬁaummmﬂﬂr;Juﬂismumi
uidamannnsiiufauius fussuurildanansadlanszurunislunsuddagmlusdassuldde (7) gunns
e fisulinuAnmiuindnsiawmssugiunstiemdesuanudnsiveen YaglidiseuinauAnsiveend
N133ALATEUFIUNTTIBMFRIUNAENTYIvATUANUNISANIATIER N15MEUNMSAndulasenInenInSeusiinig
FawnTougrumshsmdemunisintisaivayuiisafunszuiunsanueiuias AuasuuIEN1sARTE NG o3
Bnsandlilunsuddymiinisdanion wargrunishsmdedunssuiunsdsuuziniinsldnineinsuas
isesilefisadestudnuuzuarsruunisvinnu @) quélidmuusthsatiuayuuasdiomde TiuughivgiFou
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wagannsndeansszuiegaeunazdioulilunisumananuilunismeineuiivainuats nsaianaieafiy
auAniurssidpufiFouanlunadanadounisdeusa duamsouandiifuilinnaiuandeunindouds de
duadunisSeuiveisoussreiiuszaninmuardaasunsuitymvesiiSouliiduegnad 3) fudevunietne
WU (1) M3eenuuuasauma finseenuuuiitigligiiouamunsafumansaumeldiouaznsniunudosnis
sUuuumsthiauaiiomiifivssavinmlneinsudadomesnduddiunounds vildhesenshanumdila (2) ns
oonuuuLAsesetvne lassaiiindrondstutaziinund hlddlaldie asnsanuauansaumalivgs
Hans1 iiunthosemds iligifeuaunsossinamsaundldaenndeafuauannsovesusazyanadnaiily
vaurfiFoud madeuledludiasaumanig o dwaliAaussansamlunsAnwduaiuasnevaussanudenis
Seudvesfiieu (3) n13eenuuvesAlIznaunsAals danuwmuizay aggann aieanuiiaulalunisisey
amnsiniliszney Srumnsaunarasaadastuienn taeduaiunsFoud vilidnladesieuldosnsd (@)
NN39NLUUIURUUNTAUNINULLATETNE JURUUNSauLIRIuAsateteliliseuaunsanoumaulasings 14
nuldie avanlunmsSouiideddlunsneutam funwd 3
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ot asummilgn oo

®
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@
@
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(n) nihaevan (@) aaunsadlgym (n) guddnasunisuideym

AT 3 FndeaunisiseudnuuuinsuansaRafsniuNIIaean Ul
aaasunsunlgm dmsutindnudaunng

aAUs8na

MsnTIEUANNATIvRlIAaALINdLNT UL UIRe AR SARTARSINAUANTABIAn1UNNTalT
duasunsuitym dwduthAnvdnunmg duansisedieluil 1) nansnsvdeumunsinigly wud luea
Aauandounisidouds fimuduierunsnsly fwinanisUssdiuaunmeesiiderrgduiden Funs
sonuuuLaziudsuwAIete Tnefideivgsryin mssenuuuiaiuasnadesiuvdnmnguiuasnseunuiand
T duugnilunsesnuuuuagiamiluynesduszney annsnadsennuiuasduaiumanitymussdizould s
nsAnwadeiaenndesfunisAneives Wannapipat and Chaijaroen (2017), Singha and Chaijaroen (2019),
Jarungsirawat and Kanjug (2020) Wuin T,uma?ﬁLL’mé’aumiL%‘auﬁ'ﬁ';ﬁ%’aﬁwmﬁuﬁmwmamaiu Wailona
iesnan madawindeunisiiouss finseenuuulagendenaudiufiugiu (D Theory) Falauaenndasii 3
dau gt (1) druionn eenuuulneBaveutneuazanszddy e AadnUATR 1 enides maidenviedy
i vewmdngasudngasdmiwnmemansUudin auzdniunnemans 1n1Ing1deveuliy AUanInuIUNITIves
fispndsilidnsnrveaiomimiugndes aeandosumsdnuluuiunads suvunstiiauefenuaula 1y
ns91aesanunsaliinim 3 6 lalioudiSeulavinnisShenluieass (2) Aunisesnuuy sanuuuynasAUsENoUl
AssNzasaenndeafurdnmIngud 1w nsuitym nquireuansadiad nauintyyden nquideuas
wialulad UsunmsiSouiuesdiSeu ua (3) sude senuuunuvguidedinisideslosaninsafumansaumealdie
wazsINgT asaunAltuuad fiddnualiidulonsudetaumnelddaay senuuulamsoaunuie
nanAsueudinudsauooulay nsfinildtimnzaniuizes msidenviodlusi 2) nanisasivasuansINIBYEN
wud (1) wansuitamuesiidou fdasuuuade vy 40 é S.D. ity 3.96 Andufosay 95 Feruinmeiing
137i508az 70 Feaonadeafu Syhalath and Chaijaroen (2018), Moeikao (2018), Singha and Chaijaroen (2019)
wu fEeuiidoudelunadaunndeunisdoudt ansaduasulifFounitoymld dderadounanmatsude
Tunadauandeunisiiouds dnseanuuulumaiiondefiugunisufidym egrslsAnunisdnuiluadsiian
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fugrudunquideuazmalulad saudanisufidemiues Jonassen (1997) 1 7 asguauns wnduugiulunis
oonuuufidaasumauitymiisly aomumsaitiygm nadlndifes uazaudduaiunisuditom didsuannsnboul
AnnsuAtymldfenuesuasaudnuasiiddgisniudmivinindmummdfonnuansolunisuitymi
wdosinmsszydgmiiuiade afaumdunsuidam dsefiuamadululfveamalunsuitiym dadula
LﬁaﬂmnﬁﬂzymLLaxﬂ'ﬂ,Ugjmsﬂﬁﬂ“ﬁw%’auﬁqﬂﬁzLﬁuwaﬁﬁmﬁuuazﬁwaﬁLﬁmﬁumﬂ%’uﬂgﬁ%‘m3LLﬁf]fgm Fanui
Fnwazrainisuidynifiaenndastunisuidgniluindndawnnddenisuidynfiiilassadisdudou
(Jonassen,1997) saufiun1sdnassaniunisal (Simulation) Lﬂu@mé’ﬂwmmaﬁaﬁmmzauLLasaamﬂé'aWiaé’ﬂwmz
JdndmunmdfitioviligSeuamsaaieanufifiefiazihlulflunisnsiidedouasinwiihuasinufiing
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liideiinsuuunnifiesnnddedymuazdadulalitunat 2) narnuduiusseninamsudymoes
fi3oufunadugninisnisiou wud Seranudusiusi 0.38 viefesas 38 uandliifiuinnisuitymvesyiFoud
AwdiususadugrinisnisfeuvesBeulumeuin sgrsiideddameadian 05 fanuduiudiuluseduiios
wazdauanslifiuilunadanndounisiSouss dwmasenisifouivesdiiou Jsaenndosiuauidsves Moeikao
(2018) Wy manudTUSsTIIMsLT e siiFoutunadugvsvesiSouiifeuselunadundeunsidous
1 MansiseuveiseuluniauIn dawaiﬁﬁ[%smﬁﬁhﬂzLl,uuﬂﬁl,lﬁﬂmmawvﬁﬂzLl,uumaé’mqmém%u Na12A9EN
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waauqmﬁmammumwvmmmmﬂmiwmisumaumamLmaammm&mimmLLuaﬂauamﬂmamqmumimaaq
anumsalfidaaiunisudtamn dwsuindnudniuwmd Tasaaunsalagmuasnsiamsisouildesnuuulagld
o Bos maideartedludh iliiFeuldioud lunfeutuidoudnszuiunmsuddam Fedmalviaudusiug
sewinsmzuuunsuAtymtasAazuuunadugnsludauan wasnuingiSsuuauiidiazuuunisuddyues
wadunvdlaiduiudiu nande daazuuunsuAtomiuiiaasuuunadugrige feinnsdunivainuinfisous
msnumudonluunGeuwilfansavesuuunadugyslias (3) nansAnwarwAaiuvresFou wuh fFeul
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Abstract

The goal of this study was to develop and use the scientific explanation rubrics for motion and
force concept based on McNeill and Krajcik’s framework after teaching with inquiry-based learning. Sixty-
seven samples were purposively chosen among grade-11 students participating in the Physical Science
(Physics) course during the first semester of academic year 2020. Three lesson plans and four scientific
explanation questions were included in the research materials. Four scientific explanation questions were
(1) motion along a straight line under the gravitational pull the earth, (2) the relationship between force,
mass, and acceleration, (3) finding magnitude and direction net force of two forces, and (4) projectile motion.
The findings of the study demonstrated that the expert-panel process created scientific explanation rubric
was an effective tool that was simple to use and interpret. The scientific explanation rubric was used to
evaluate a student sample. Students received the scientific explanation scores of 75.2 percent, 3.92 percent,

and 66.2 percent for their claims, reasoning, and evidence, respectively.

Keywords: Scientific Explanation Rubrics, Claim-Evidence-Reasoning explanation, Inquiry experiments
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Abstract

This research has developed a series of activities for learning about prism via online media using
GeoGebra software to improve the student’s 3D geometry thinking. We developed four activity sets
consisting of series 1: “Prism construction”, series 2: “Unfolding form of different prisms”, series 3: “Surface
area of different prisms” and series 4: “Volume of different prisms”. The results of this study showed that
learning through a series of activities through GeoGebra can increase students' 3D geometry thinking.
Student can draw the completed prisms by connected from 2 dimensions and can construct the nets of

different types of prisms. It also improves the problem solving skills of prism surface area and volume.

Keywords: 3D geometry thinking, prism, GeoGebra
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Abstract

The purposes of this research were to: 1) compare grade 7 students’ learning achievement in science
on the topic of thermal energy before and after the implementation of 4Ex2 learning management with
Kahoot, 2) compare students’ analytical thinking ability before and after the implementation of 4Ex2 learning
management with Kahoot, and 3) investigate students’ satisfaction towards 4Ex2 learning management with
Kahoot. The samples of this study were 28 grade 7 students who enrolled in the second semester, academic
year of 2020, at a large-size secondary school in Bangkok. These students were randomly selected by cluster
random sampling method. The research instruments consisted of lesson plans, a learning achievement test,
an analytical thinking ability test, and a students’ satisfaction survey. The data were analyzed by means,
standard deviation, normalized gain and t-test for dependent sample. The results of this study revealed as
follow: 1) the average score of students' learning achievement after the implementation of 4Ex2 learning
management with Kahoot was significantly higher than that before implementation at 0.01 level; 2) the
average score of students' analytical thinking ability after the implementation of 4Ex2 learning management
with Kahoot was significantly higher than that before implementation at 0.01 level; and 3) the students’
satisfaction towards 4Ex2 learning management with Kahoot was at the highest level.

Keywords: 4Ex2 learning management, Kahoot, learning achievement, analytical thinking ability
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Nokham, 2017) delanisulsznisniisues Kahoot Ae atnidsudmeudanuiaiaiuluustasde winveisaouas
wamssnnutnFeufidendaudenluurasdosnudulngliszyfoilandendaudenls wanduamd 1) shlsaou
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ety 60 Tu LLaz%ﬁwLauasﬂ’a;ﬂa‘i,umwmuwhﬁy’u ileaenndosfiunuiUfifvewiusssumsideluay

7. Msdaszvidaya

7.1 AnsgvmeedsuazdinidosuunsguremadugnsniinsfeutazazuuuYe s UUnaaa U ia
AUENNNSOLUNIARIATIEAN B LA MR INTTANITS BUT

7.2 MAABUAMNLANAYBINAO YNNI TS BuLA AT LLLTRILU UG U AR WAL TalUN AN
AinneiinounagndinsinnisSeuivesngudiogns Ingldnsmaaeuridsvesnduinetng 2 nquiliidudasssie
1 (t-test for dependent samples)

7.3 ApsgimeanufvtmansiSeuiliiutusswe wadugnimeamsiSeusasenuansaluns

a

Andiaseei Tnewa1ne normalized gain (Hake, 1998; Tongchai, et al., 2007) A1 normalized gain \Juiiuans

= = v

fmansdeuiiistuaswesiseuduivivemansdeuinilonafiuduld mldaingns

(%post-test—%pre-test)

Normalized gain =
(100— %pre-test)

\ie %post-test fiD TPUAYVBIATIUUTDIUUNAFDUNAINITIANTITEUS
%pre-test fD FPUALVBIATUUUVDILUUNAABUNBUNTINNTTUUS

A1 normalized gain fiA19g521313 0 &3 1.0 wazgnuuseanilu 3 szeu Ao sAuas (high cain) dloAn normalized
gain > 0.7, s¥uUIunans (medium gain) iioAn normalized gain 9g5¥1I19 0.3 - 0.7 wayszAus (low gain) Wie
71 normalized gain < 0.3 A1 normalized gain 1umu%’a§%mmnﬁﬂL%'auiwqﬂﬂaLLaxﬁwmmmLa?{a Feaz
138171 A1 average normalized gain

7.4 Ainszinanisinanuiianelosenisinnisiieuilagisnismanade dudesauuuinsgiuves
AZLUUINKUUADUNLANTaNelasan153aNSISeusuY 4Ex2 33U Kahoot wazuUanafasreInELLLAIY
fawsladfleufuinasifinvun
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HaN1539Y

1. ansAnwINAduaVEMINITFeuiuuasMAINMTIANTS3ELSUUY 4Ex2 afiu Kahoot

MnMFIenEiRuuLTe IAdLYEIINISFou WU AsuuuRAsYeHadugVENINsEuneuMsTans
3oudluy 4Ex2 $9uAU Kahoot i 15.59 Az damideauunnnsgiuniiiy 3.33 diuaziuuadevdanisinnis
Boud fie 20,50 Azuuy dudssuunasguinidy 2.97 Welisuifisunsuuuedsvemadugrdmensounou
LazmdansdnmsiFousiuy 4Ex2 sy Kahoot Tagldmsnaaeunassvesdindsvesngusaosna 2 nauideyal
\Hudaszeioiiu nunsuuunadugrimnsFeundinisdnmadouiuuy 4Ex2 $ufu Kahoot gendideunisdanis
Bouf edrsiidoddyneadafisedy 001 Wensuwdrhasuuuedsvessadugyinamaiouieunasvdanisdans
Seuiiinnuunnsneiu G33ulainisiiseivnel average normalized gain wuin dAwinfiu 0.34 ?jqﬁa’h;ﬁﬁ'&mﬁ
HaAuiTmnnMsteuied TuseAuuiunais (medium gain) Fauanslunsnadl 2

A15199 2 nsieuiiguaade (X) daulesuuninsgiu (S.0.) uaga average normalized gain YBIALUUL
HAHUEVITN NS EUNDURALUAINITINNTISEUTIUY 4Ex2 S Kahoot

ATMULHASUOVS - B average
- AZLUULAY X S.D. t-test p-value ] )
NNNTLTYU normalized gain
AeunsInnsseus 30 1559 333
10.89** < 0.001 0.34
NAINTINNNTITIUS 30 20.50 297

** JodAgneananszeu 0.01

2. nan1sfn¥IAzLLLYBILUUNAFaUIanNaTalun1sAnIATIEiiauLAENAINISIAN ST U LUY
4Ex2 $2uiu Kahoot

MnMTRATEiRz UL UUAABUTARILANANsAlUNSARILAS LY U AsluuAsvBLUUTAde U
AMNaINTaluNISAMILATIERABUN1TIANSITBUSUUY 4Ex2 S8R Kahoot HA1 16.88 Axuuy duidsaiuy
WMSFIUINAY 4.00 drunziuuRdsveuUageuTarLansalunsAn s inaannsinnisieud fien 21.60
Azuuy drudsnuusnasgiuiiu 3.52 Wewisuiisuazuuuadsvemuunageuinanuaansalunisiading iz
riouuazndsnsnnsiFousiiuy dEx2 93U Kahoot HunislinismaaeunassesAadsvesnguesia 2 nay
feyaliifudaszdodu nuiaziuureuUnAdaUaANLaINsalUNSARAATIEIMAINSEANSIS oS IUY 4Ex2
$2ufU Kahoot gandnneunisdnnisiSeusessiifodfymisadanisedu 0.01 wazwuindld average normalized
gain YDIAZUUULUUNAABUIAANAINNTAIUNISAAIATIZN WU 0.37 agluseauliunana (medium gain) fauans
Tusnsnsdi 3

A15197 3 n15iUTeufisuraie (X) d@uleduuunnsgiu wagan average normalized gain ¥e4AL WU
WUUNAABUTAAINAINTOIUNTANIATIEiNOULAENEIN15INNTSISBUSIUL 4Ex2 TaufiU Kahoot

PR RFREISTR b . average
- ) AZUUULAY X  S.D.  ttest  p-value ' _
AATISR normalized gain
feumsdanaiieu 30 16.88  4.00

12.25%* < 0.001 0.37
NAINIINNTISOUS 30 21.60 352

*ydAgynadansyau 0.01

3. nansAnwanuRanelavasinFeudisirenisdanisiSeuduuy 4Ex2 sy Kahoot

Han1sANw nudn dnseudanuianelaluninsiudenisiansiseusuuu 4Ex2 S Kahoot aglusesiu
flawolauniiga frnadewindu 4.70 dudosvunasguminiu 049 Weinsaranisinanufisnelasiediu
WU AuUTIEINIAluNISSeus dsvduauiianelagean e fiAadswindu 4.78 (wﬁuﬁqwﬂammﬁqﬂ) wayalu
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Weauuiingguwiiu 0.45 509aeNA0 MUN15IRNAINTIUNTSISELS danadeuintu 4.69 (seaufianelasiniian)
wazdlotuNInIgIUYAU 0.47 wagaulselevunlasu daafewiiu 4.57 (seaufianalaunniian) waveiu
Weuuansgiuminiu 0.55

aAU8NaN5IVY

waanNsld Kahoot WuieiesiiodisinysuiiunassniaFoulunisdamsidouiuuudex2 fidsonadugns
ynensiFeularAUaNNsaluNIsARIiAS1EY annsnefusenalddsil

1. 9inmsnneiaiedsvesadugrimnansiouneunasndansdnnisieudiuu 4Ex2 sy Kahoot
U ﬂxLLuuLa?iElriaumi%’mﬂm%'auft,ﬁﬁu 15.59 (S.D. = 3.33) Faduazuuuiilifedosar 50 vesazuuuLiy 30
azuuy MiduduioradumnaidonmlundeuidudonlssiuundsunouniigEouldhmsanmlvluniado
usn SnitadsdidomnitienlssiumgnsalluiinUsesriu sliiisoutiniadoulosnnusiduasaruslmidisetu
HunalsifSeuiinsuuuadonounsianmsifoudinnniiaiwesasuuudy uiegislsinmunziuunadugninianis
BouvesiinFeundsldumsdanisBeudiuu 4Ex2 93y Kahoot iinduganiieuldsunisinniaous uasiia
KaM3L3uETALTLI3 (normalized gain) Wiy 0.34 eglussduiunats (sedt 2) wadiuandiifiui vdsmn
tniFouldunisinmaFouiuuy 9Ex2 91y Kahoot tniFeuiinadunvimienisBeufifiugatuninnounisinnig
Boud Suduraunannazuiunsinnisdouizuuuu 4Ex2 e 4 9u ldun 1) dua¥eenuaula 2) dudinauas
Fum 3) tusursuarastoagy wag 4) Jurersanude Srlundazduasdesiinisusaifiuuaraziouaudnues
fisuluyndunou Ineifelding Kahoot uldlunisussifiuuarasfounuAnlunisdnmaiFouiuuy 4ex2
viligaounswinSeudanuimudileluunGsunndoadiedaviefiunanulusedatng neuszilugns
Bouslutusioly SeiligFoudenuirmudilaluundsuluiasdunouogsanden uazansuidovnusasaanildun
T Kahoot (HuumanesuntsFeudooulatinunumeudinw Tnsindsuarausadiunmeumausiumauey
nandunteuuniiivlsflurusiiviinisdansidoud Swasduasumsidnuinlutubouresifou afram
AUNAUIUTENTNNISITBUIUATANASHUTTEINIALKINTSEUS (Chaiyo and Nokham, 2017; Licorish et al., 2018;
Wang and Tahir, 2020; Yapici and Karakoyun 2017) Kahoot mmsmasﬂmmuwmaum‘lumsmaummuLmawua
Prwadumsivivesagiaeuiilutosouty 1 fEsuneusadeniigndesiuiuiou uasneusadeniiind iy
(Kahoot auanss TG Gensdenluusasermonuiuiidofwna i lvigaeuauisayszid
arudmnudlavesiideuld m vasiviinisaou Tnglutudl 1 duaisenuaula admndaousmuatssfudgm
visoamunsaiiilensedunuaulavesiiFound fasuazldmansin Kahoot iitenuyiuauiiau mndniGeuiy
nir¥esay 80 nougn uansidulvgddanudifuiindominliresenneuiinzfafonssumaisuslutunousioly
sliaeunsuiidsuinnudarudilalumssiugiuiieglddesasluunZounndendodaniedsaanuslu
Bodlathe Aeuasiilugmaiisusludusely uenaniidsannsatsaissfudmeuiigndedudemniuusiasde
Plsifisouiinovinfnanuiarudilalulssduidonilgnies neuaslugdunaunsinmadsudusely el
f3ouiarudamnudilaluunSeulufiazdunoussasden uandudludenusazdnlduniu lusuil 2 4
dsrauazdum WethBsudunivndeya ionouussiiuliymanuiidivunly daousgldderansluy Kahoot Lile
nnaeuteyaiitniFouduniurigndesauysaiiiesweiivzasdoasluduseluvield dlududl 3 Sussusuas
avdeasy inSeuszindeyaiiduaisnnduil 2 iiased wanauarasunalasmsaAnehuiulungudes vide
amJﬁwmuﬂuwwumaumaaﬁwammnmmammm ﬂwaamvﬂﬁvLuumﬂmmmmmaummmawaasﬂwimmn
mﬁaﬂﬂswLLavmaﬂﬁuLmewmmmamLﬂaau wazduil 4 Sureneanudn fEeuagldfinnsiheuifiainsduan
it 3 sdenlsstuanufifuiitonoununnusafuliguieaniunsaififvun vieanaaumsaiiinuiasly
FAnuszdriu kunaneudiniuly Kahoot SsagsliindsudiamudanudladomluunGeunasiiuniuddy
yoniomlumidsuiiaonadosiuisinuaelutinUssdntu femepauaiidmalifFouildsunsinmatous
WUU 4Ex2 $3uifu Kahoot Sraduguidmenisideuiiutu deandesfunuideves Keawsingam (2011) Filddunu
tiniFeuiiFeudosUuuunisfounisaeunuy 4Ex2 fazuuuedsvemadugrivnaniaiiou Feaaauaznisueaiiy
‘mé’qmi%’mmﬁaui@amf’1riaumifl’fmmiﬁauiaEJ'Nﬁﬂf&Jﬁ'}ﬁzyvmaﬁaﬁizé’u 0.05 wazaenndestuMUAseiifiunnou
Wi (Fotaris et al., 2016; Sarkar et al., 2017; Wang and Tahir, 2020) fina1111 n15l4 Kahoot Saufun1sdAnS
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BoufazdiwduaiunamaiouivesiiFou Munsfiduiniluieadou adensiuiludenigniosmwesdFou uas
afaussemaniinisiseus laanninisiansifeusiuudnilurisasey

2. MR EiazuuuRABTesLuUnRaaUTamtaansalunsAsieiieutasndsnsiansSeud
WUU 4Ex2 S Kahoot nuinazuuuladenounsdnnisiousiian 16.88 dadudfiunnindosas 50 vesnzuun
W {idomeienadumglunaBeui 1 §idluguzdaeuldtinsdnnisBouidanidl g ouinnsiam
FnwenszuIunsae wazaeaunsnianssudiauiligifeuianszuiunisiniasgiuinty vinldazuuy
anuannsalumsAniieszineuldfumstaninieuilunaideud 2 dlduedeganieiwesnsuuuiu wioghdls
mudlefiansannanisiisuifisuasuuuedsvesuuunaasuinanuannsalunisfniingied wuidniSeuildsu
N159AN3138USUUY 9Ex2 $9AY Kahoot faziuuiedsvesiuunaaeuinanuaiunsalunsaniiaszindanis
fannFeud gendrneunisdanisioudededdeddymisadnfiszdu 001 uazdinanisdouififiniuaie
(normalized gain) Anvdlu 0.37 Fsaglusedu medium gain atiuandlifiuiinisdanisgeusnuy 4Ex2 saufy
Kahoot anunsatievimuaaansalunmsaninmeivesdieuliifngeiuld dsoradunse msfamadous
WUU 4Ex2 ftumeuiitisduasuanuaninsolunisfniingest dufte duneudl 3 mssursuazasdeasy dudu
fumeudifiFouasdonuideyaiiniusuliantunisdisauardum wvhnisiaszidoyaifionanuduiug
Anudfey Wisuiflsuanumieunnuuaning uazasdoaguesnuniussdainuiifiessursdnevluuniseu
sndegaty luunFeudeaveslufives ndsaniniFouiiAanssy Anwuagduainieatu ndnnsiaues
woslufimed Ussamuaznislfnuvouneslufines luduil 2 Saduud dnidousrsmiuefune wWisuifieumiu
wansinsveanesludiwesurarUssinvituuulamngdunisldaudssianle wasindnsgimuduiusuomannis
Yeglarnafveatraliundnnmsinuresnesludines f\mﬂ?ﬁ"ﬂﬁéﬁaaiﬂLﬂumﬁmm%f A3zUTEIWAN
feazunazosAnuifitniSouagesnu oy mu’nmvmumiwmswau%”lwuw 3 avmawwuﬂumﬁauu
mmmmsﬂumﬁﬂmmswv‘wawu asnndoafufndues Pomkul (2011) uag Lemlech (1994) ind1adr $unis
asueLazasleasy LﬂumumaumﬂiymmawmmmmmmmiumiﬂmLmﬂumawﬁauim TnstiniFeuazla
ANLFTIAULLIAITINALIIVTINNN UIATIIFBU TLATIZH uazvteasy Feoradanserindeyaluguuuusng 4 1wy
#1519 N5 usunw L usu udreAuseuaniasunuAniiuiy Suihlvfiseuiansaniiese duasied m
foaguvasdoyarinduild nailldannisifeddsaonadosiuauiseves Theeramethakul and Art-in (2020)
AUNUTINITIANTTHUTUUU 4EX2 ansatieimumnuainsalunisndnsieivasinbeuls waedduuinbey
fifieuanansolumsAninsgsiiunasivicmun Aadulesas 75 vesindeusimun uenainteradumssde
frn1ulu Kahoot figidelHiflevszifiunisSeusuarasiiouaunluuazduresnmsdanisiiouiuuy 4Ex2 dadu
SnussndnduniiiviensedulififouinnsiniinngiiemdnevvesdodnnluvusinfanssunisiFous
fegremany 1wy “wnemlaveanaiussglumeslufines nlidedivsen” fisouazliiiniinmeiaudusiug
vospuaniRvesusoninfiamandfegialsiaamnsaunlfifureanarvssgluusenialdls wiodauian
“meslufimesnliuandnnimesluiinessssunedisls” fiFeuazlifinduun uasdeulostoyavouveslufines
saosUszian 1wy aenndesiuAna1Ives Chareonwongsak (2010) findain Weanosweayudlssuteyanie
Forau aussaginsiniudeyadilasu TnsthluSeuiisuiudeya aanumsed nieuszaunisallusindiiv
azanly sunseinAnnisdndulafiesidondedneuiignaes ddassssumiuiaetazfniinseviod1sdnluifiile
Foanduladenaslsuniesne fedunisi Kahoot sldsamfunisdnniaigouduuy aEx2 Jvduaiunnuausaly
msAndaseAligiseuls

3. anuansAnmanuinelavesiniSeudifiiensdnnisiSouiiuy dEx2 $aufu Kahoot finwfiansla
Tunmsmeglussduainnilan nmsvssdiunnufionslausnedu wudisis 3 du fe Fuusseimalumadous
sunsdafanssunaiFeus wazsudselovdildsu fanufioneleeglusedunniianyngu msfinnudfianelaves

Qe

e =

Q’L%'&Juﬁﬁﬁiamﬁmﬂ’ﬁﬁ'auiﬁaﬁluizﬁumnﬁqm g1 dumszdinsld Kahoot 1ysannissandunisdanisiseus i
gSeuynauddiusiniunsdnnmsiseus ﬁﬂL%‘auléTl%aMﬁmlvxlmﬁamiﬁaufa&J’]qayﬂamumummauﬁwmu ]
§'§ﬂL%uawaluﬂﬁiﬁﬁmauﬂﬂLWﬁwﬁﬂL%'EmmmiﬂiumLLr;JﬂumwﬁmmaUﬁwmulﬁ Yon9nd Kahoot Sauanssiuiu
yastiniFouiidendaidenlunsazdedian sililunsdifitniSoudulngidendudonia faouaznsulaviuiii
YniSeudsldidnlausaifumanule Q’aau%ﬁaﬁmaLLazaq‘Uﬁq‘UixLﬁuﬁwa‘ummLﬁamﬁ?ﬂﬁgﬂéfaq Lﬁaﬁﬂﬁ'auﬁ'aui
TudleviimegnadiamuaufianfnusgdlalumaBeuiiodusioly aonedestutodunulunuideves Bundasak et
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Y v a = v Al

al. (2017) ua¥ Ratniyom et al. (2020) Ainuin Wiledlsuinmnuiisnaladenisdnnsisens giseuasiianuidnia

Y Y

[

3 S|

sonsi3eunarmsiausuluianssunisioud fanuaynauumdamdulunisGeu degBoulinnuguiazing
vasansiailluanes 1wy Tty uestefiurBu FeaglufiunszuiumsBousluaues asvhlitniSeuAnnsiFousles
597U navesuAToidaenndosiudefunuluuddeves Chaiyo and Nokham (2017) ﬁwudw@'ﬁ'wﬂdﬁaaax 84
finnuiianelalunmsanse Kahoot snnniunanlesuesulatidu wazasnadesiunuidsves Ounlamai (2019) 1

wuhanuiselavesinissuion sinnisseuilagldlusunsy Kahoot lunmsuegluseduuiniian

#3UNan15Y

n153An15I3BUSUUL 4Ex2 S Kahoot lun1sdnnisiieuiiuvduianzmaiuiinisih Kahoot 11
PeusziiunsazieumsianvesfifouluseninansdnnisFeus Kahoot auluaiiowniesleivilringtiaounsiu
armianudlavesindouisiesuvnegiivhnsdeu dnFeuiilésunisinniaouiuuy aEx2 sy Kahoot ¢
wadugvisynanmsGeuluiningimans Sos ndsnuenudou uazanuaansalunisiniingindinsinnisFous
gamineumstanisSeudesnedideddymeadifissdu 0.01 uenanidumut FFeuiimnudisnelaluniwsusio
ns¥ansiSEuiuun 4Ex2 Sy Kahoot agluseduanniian

UGB
1. Faauauuzlunisimanisideluly
meideluadsifitoiauouurlumaiinan a3 feluld feil
1) Tun1353mnsiSeusiUY 4Ex2 $7uAU Kahoot Haauseiniuauta lunsyinnanssuusaz Y
desmnidlovluuaundeuiu faweindeiihatu uunFeusseslfnaulumsiinsgimdnoy fuu
mstimsdnassnailimnzay WeldSeuinnsSoudedisdiuszavsnm
2) dauiiiunldlu Kahoot msfidruuivnz asuazdudomauiitigiaunauamisely
nsAndlsest LiteidlunsdaaueuaansalunsiniiaszivesdSeudnmanils
3) Tunisdan1siSeudiuy 4Ex2 $auriu Kahoot gaeumisasisaeuittnseunnauilauisnlnuiag
Tyaaduesidaniondmiunisdnnisieu;
2. faiauauuzdmsunsiseadedaly
ndedunnvasgItelusenineniiun1side wudt n13id Kahoot angisuseiiuluseninamsianms
Boufuuy 4ix2 tevilifaeulsduaudanudilauasmsasiounnufnvesindsuisieFeuldogenta
silanunsaussfiudigoulunmsuvesisredld a vasvinisaeu dbulssdulunisifeadiiely fo enath
uwanvleunsiFeudeoulavisuuuudu 1w Blooket %o 1y Time to climb luriuled Nearpod sn$amffunisdanis
Fouduuu 96x2 iitefAnwinadugrdnianisiouluunizeudu vioenafnwinavesiuusdu 1 1wy Winvznns
Amnuvanedeyauarasioasy MieaussausnALLIMI PISA sunsaaimsinermansunldairsiesued
auwnauna 1Jusiu

AnAnssuUsEAA
deveveunmantuIbuAziaL unInendesvigaluaiun Alalnuaduayunsideluasel uag
Y9UUANANNNIENNYIULUANEATAERNS INNINedeTvAgaugtiun Avglimuugindulidrauinlianuidel
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Abstract

The article aims to present instruction guidelines by integration of flipped classroom with 5E inquiry
model using digital tools through a virtual classroom in teaching mathematics. Technology is important for
creating environment for lifelong learming which corresponds the integration of flipped classroom with 5E
inquiry model. To increase efficiency in learning by using digital tools through virtual classrooms, students
can learn by themselves both inside and outside classroom. Teachers have to change their role as learning
facilitator and inspirator as well as to provide suggestion, look after and advice their students. In addition,
they have to search for learing management techniques and leamning resources. To students learning to

promote students’ learning and mathematics process skills.
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msdamsiseudmunseutaAnnsBeusluamssei 21 WeduaduliiFouiinueinouausinnudens
vosdanuiasuld TnevilanlimnuddnyfuinugnisiSouduazuinnssu (Learning and Innovation Skills) i
Sududmsuanissudt 21 lun mshnuuuiinsagauazniswitm (Critical Thinking and Problem Solving)
n1989415 (Communication) n1557ui® (Collaboration) wagn1sAnasd1sassAkazuinnssu (Creativity and
Innovation) Augluiuanuansatunsldmalulagliegravingan Hewssunnunseuliiseuladinue nsa
LAY maﬁamiLLasmi‘vhami'mﬁu;iiﬁlulﬁasmﬁﬂﬁzﬁw%mw (Jaroensa and Sengsri, 2020) Fadanandasiu
ulsnrenistuindounisinulneluga 4.0 veansensrs@nuisnisuasvdngmsununananisinuiduiiugiu ne.
2551 atfuuiuuss 2560 Faldiinisusulgmdngnsnsiseuslimnzauiugaaiovesnisiudsuuas ndngnsns
Seouindnmansiiundngnsnieiifinsasuudadaeiidmmeligifouiinnuianudlafesdundnnsma
adinmans wazannsmitluuszgndlunisliBinusesriuldodvamnana wiouiadinafiiadedinadneand
wazaunsaidentdde gunsal inaluladuazuvasteyaiimunzaumioniFoniininuaaianisdda (Digital
Intelligence Quotient: DQ) Ael¥iEiFausinnuanansamedsan ensual wazn13us Mazansawdyiuanuime
lugaRdvta uazamnsaUsumlidnfuiieadald fssesounquitanug inwe fauaduazadonisidudenisld
Fin iieluinesiiolunisious nsdeans msviau wagmsuidamedisgndeuagiiuszansam (Phoodee,
2020)

pgalsfmunaituveanaluladinlinisisadinvesuysdiinisasuuategiann umedidauas
punsafdeansuuunnmesauinlnunarefuiatefiddydenisdssdinvesyuslugai deauarnnsald
weluladldedndesiilunisinfanssldegrmanuanslurnanfisitu nmsdeansinsorulsiognesnis ua
nsiifsdoyaldnaetemsdinmsudsiiunaniasusnudniiuesnadasssiudedsauesulal annsaousldse
auLew v naBhuLamInensuuaIedieiindlnglwenauaziinisdidufanssuludiauss s iuduiunns
KugUnsniuaziesesiiomaluladfdvaunuisiunaranmadisamsldnudunesied 2563 vesnulneifisduaie
11 $alus 25 undl Fedaulngjasdnnsldermsuansvlng (Mitrpant, 2021) ﬁ"uﬁaQ’L%‘auehuimwjﬁqﬂmaﬁmdwﬁi%&m
LLazmmmLﬁmLamaﬂﬁy’ﬂﬂmmmﬂizqﬂﬁﬁw 7 iilelFenufuTiauszsiiuisludunsieng eutudis wogms
Foansyanssnsfnw ludunsldnudionisinundulnsdwidiofioaunsatundssgndldldegamarnvanedus
nsdududeyalvaufenisldlusunsumsnisdne saufamsiunairodedauilusunsy Wedinsldaugunsal
wienidsdiarwannsalumsdemafintudddtinisthsruunematoud esSoundududuumanisSeuinis
fiysannisdnnisnfouifesudseondudiuiidnfanssuuenduiFou (Outside Class) wazdnfanssuluduou (n
Class) TngthmeluladunldlunisdanisiBeus (Robert et al, 2020) uaznsiFeuduvuduiens 56 WumsBouiiiy
TnigouldlinssuunsamenufossiivmpaduiuneuiiofumdneulneniaFouifenuies

MnMsasunlasedesniiveanaluladansauma asaeuadamansindudosysannsiuidns
JansBousluguuuusing 4 amfunslinelulad eliAnussloviuasivssavamlunisianisiiounuuiun
voufpulutiogiiu ¥iliEsuAnnsSeuslénninnia dduunenuthzdnauaisituniosdiondvouasuun
mamsdnnsBeuilasnisysanmsesSeundusuivnisaouuuuduianz(se) neliinsesdleddvaniurieasoy
ieiouaidunisasundamans tieliiasiaeuldiuasidrlaferivisnmsaeunarannsailuldlunsdanisFeus
uazmsuIMITuEsuesalivsyavsnindely

#3auUnauRU(Flipped Classroom)

HoaFounduinu lumaiansaougluvulnififinnsuiudsuisnsdanisaouainideniaiuily
RNCRD L“ﬁluﬂmJawmﬂaiﬁQ’L%'&Juﬁﬂmé’wmuLmuaﬂﬁfty'ul,%'au LLaﬂﬁifnmL%'auiu%uL%'auﬁmﬁﬁ]ﬂﬁﬁM’]iL%‘Wﬁéf’J&Jmﬁ
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Bloom's Taxonomy in a Flipped Classroom

Traditional Model

Outside Class ‘ In Class

New Material PRl

In Class Understand

b Flipped Model 4

Outside Class
Remember

AMmd 1 Bloom’s Taxonomy Tumsaeuuuusieaseundudiu
1 https://www.odysseyware.com/blog/using-classpace-flipped-classroom

namd 1 asdiuldd maFeuiuuuiuagligSeulutudiandumssuagnindila wasnadouslu
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woadeu wogludu madazniadila
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oun 2uil 1 Tuasresmuaula (Engagement) lunisiidrduniseuiionainanuaulaninuads nmanisali
o v a X I P v a ° ' 2 A a v & A ) P . I
Maaindu Wunsnseduliiinanuaula dilugussinunazteus 1ui 2 udrmanasaum (Exploration) {Wun1s
anudilalay n1snaaes MUJUR n1sivaunug iielildu@sdeya Tuil 3 Yueduieuazasy (Explanation)
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AW 2 2995 3FEuiuUAUENY 5E
u1 https://www.mheducation.com/prek-12/program/microsites/MKTSP-AIBO5M0/pedagogy.html
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sl 3ouainsesdanilniwasufIgmedafimauaiiutunouriiunszuiunisdisna duna a1anisl
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viaungielumssiusanuazmnlunsSeudnndumsldguuuunmsiamsisouiuuuduians 58 1Whansaiely
AansasmisiFens uazagiaeuazifugdunisauazainlunisinfonssunisioudiuniediendsia lasiluun

o

a9
73

MINSiSeunIsaeus IS 2 (Stefanie, Zsolt, & Ellen, 2020)
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(Explanation) | tetaBuasrsanundilafisndstetu tae | esuneusingmsaiuasidudusey | Miro,
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e Anviiomitliuuar OKMindmap
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(Evaluation) anudlanntniseulaglyd GeoGebra Classroom way Desmos Activity
Classroom uagnIUsHifiukaTIuEan (Summative Assessment) Lilesindunadn
Frseuiinnug Anuausaussaeu ingusrasinisiteuiniell Taeld Quizizz
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fanstuSeuseieiasiondviauuumslna (Peson et al,, 2020)lnsnsiaouasdosinisoonuuuLazaiaianTsLNTg
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aouilaglfifioadrshanssunaiFounisaeu mevhaudiuiu nsdeansseninsdFounasdanu n3auauLa
JaddunsiFeus uaznssrusanuazmnlunisFeuiungiou Taglunsasuademansdszuulmdenldamd
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GeoGebra Classroom \uuwanvlesuiaiionsds Ssaunsasnemnuazaniunsizousiviadnmansly
svoylna JeanunsaairsuniBeunienisia (Task) (1wl 5) lunisiFeuianlufanssy (Activities) wievtsde (Book)
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foonuuuliluszuunaninneufinfa (Cloud Computing) Uu GeoGebra Liulas (Al 4) waziluuvassiusy
ninensiaduayunisaeuluaniviiiiertosivasfudnuilaun Inermans malulad Imnssunasadnmans
Fanguazinieurhianssusuiuldwuudealnd (GeoGebra Team, 2020)

= GeoGebra Classroom @ | < aravr4sp

Class overview 78 student(s) in class 11 PAuse % SHOW NAMES
How are you doing to day?

Task®2 * Task 62 - Task 62 .4
Parallelogram —
regular triangle :
Gircumcircle of a triangle
Tha circle s inside a triangle Student 1 Student 2 Student 3 Student 4

— — e =
Sauare 30 out of 97 i 29 out of 97 i 26 cut of 97 i 28 out of 87
Rogular hexagon . .

Task 62, 'Taxk;ZU ’ Task 62 Tsslﬁ_ﬁﬂ
Graphing Perspective - [ :
Farametars of linear equations i : [ . ".Y'* :
Cundratic polynemials

Student 5 Student 6 Student 7 Student 8
Parameters of a polynomial P -_— — -

15 out of 97 : 12 outof 87 3 23 out of 87 i 7 out of 87
Derivation of sine

m‘wﬁ 4 GeoGebra Classroom
P31 https://www.geogebra.org/classroom

= GeaGebra Classroom @ | < aravrasp
Class overview TaSk 3
Student's view: Parallelogram
How are you doing to day?
Il PAUSE &5 SHOW NAMES
Parallelogram
try it yourselt
Task 2
Task ) ;r_ T /
: B o /[
Task 4 | | [ I —F
regular trianghs Ifl .'I
Circumeirale of a triangle Student 1 Student 2 Student 3 Student 4
The circle is inside a triangle
s /! p
juare F, r
i -~ S
Regular hexagon I ¥ . ’/" _/
Graphing Perspective ’
- ; Student 5 Student 6 Student 7 Student 8
hips:/fwiaw. geogebira. org/clasaroom/qrdv7 48/ asks/ w7 tkESin/31 77617 7

AWE 5 nn5Aa (Task)

fiun https://www.geogebra.org/classroom

Desmos Classroom Activities lut3nsuilswas Desmos Mieatiuayunisianisisoudinadinaans
delifiFoudAniiruadiiddenaFouduasdlaludonivadnmans uasdndugumuuiinisZous (Leaming
Community) wesagadamanslunisuanidsuieuiifeatunisdnnisdoud den1sasusina 9 Tag Classroom
Activities annsaairsuniFeunuulaundin (nmil 6) wuuTananansiens nsnsaeaeunisdldan n1sneuld
?%amiﬁ’UQL‘%&Jumaamumsﬁmﬁmﬂﬁ“i‘?’ul,%u%mﬂaimmam% (7 7) (Desmos, 2020)
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4 gt 2 5 msdtwan: | 6 wfuvnen.. - | 7 Taco Time: | 8 nsuzegiu @ | 9 msasia..: | 10

smagi Danal ] = g et | e honer | s W
b N i

Daniel waz Brandon 1giauma lunsdunaelufisu taco
truck wenenenu WniSaudain lasoufumeluieuiiue
usn?

Daniel
0 students

Brandon

4 students

Rediet Abebe, lbn al-Haytham, Ruth Gonzalez, Sophie Germain

They'll arrive at the same time.
0 students

d What information would help you know for sure?
& £
L4 T Rediet Absbe ®
- - - . gL NTEEENIaes
lon al-Haytham @
i e
s fums Indfige

Sample Responses Sophie Germain ©

A 6 Anssuuuulaunin
" https://student.desmos.com/activitybuilder/student-greeting/6004f11b09052f47258e01ab?lang=th

d | 2.2 - fim1nsa Aufenssumsifumalusiu Taco Truck Snapshots | Summary Teacher Student

5 msdan: 6 1dwer.. ¢ | 7 Taco Time:

Ancnymize P
#50i5  @.iTimeEntered v

Anonymize mode is on.

Rediet Abebe . A A A

Ibn al-Haytham : - A

Cynthia Breazeal

Ruth Gonzalez ; A

Sophie Germain : " b A

Amf 7 Classroom Activities
" https://student.desmos.com/activitybuilder/student-greeting/6004f11b09052f47258e01ab?lang=th

GEL

msdamsiieuslasnsysanmsvesieundusuiiunisasunuuduians(se) lngldedosdlondviaruionoy
iedlousislumsasundneans WumsiansBeusliiaenadesivanmnsiasuandnlan faneluladidy
HadudfysenisidoudvesinFouludagiu fosdsundududuisnsdanissouiniaiviglvifisoulmFeus
naoanadeazSeusluiesSeu uavuenvieaiou Tagriumsldnumaluladlumsisouisneauies egndlsiniunis
BuduuuioniounduiuidslifuumdlunsinnisSeuddmiuaslitudFousdrednian Fedesordetuney
Fnsdansiseuimsasunuuduiens(oE) umnniieliineuldizeuslasnisairsesdauilmivazudtametng
fivapatfutuneuinunssuunsdisa dunm a1nnisal asivaey Fudusazndonlosanudifuuazaudlmii
Antudeauies Sesznaudie 5 sunoudsdl 1) fuadeenuauls 2) Sunisdrmauasdum 3) ﬁﬁy’ua%mauazaiﬂ 4)
Fumneanud way 5) fuvssidiuauies Tngldmueiesdontrariuiodsuaiiousss fsgiaousesdutileonuuy
Aanssudng 4 Mewdedienda léud 3ale Tunuesulal daiaflonss uagiesSouaiiousse (Dudu wWielvinSeu
I§3eusluenseou wazuenviesSou fisuannsadldinulinasnnadsiliinnisiiouinasndin (ifelong
learning) WagN1Si3EUTAIUAULDY (self-learning)
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