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Abstract
The rapid development of  communication system such as the second generation (2G) and 
third-generation (3G) mobile communications, global position system (GPS), WiFi, WiMAX, 
wireless Bluetooth and Ultra-Wideband (UWB) systems have driven the wireless technology 
to a revolutionary communications. Besides, high data rate communication system has led to 
great demand in higher frequency next generation communication system. The wireless 
devices emit electromagnetic (EM) radiation during active mode of  operation which is 
absorbed by human body. The main challenge of  the next generation communication system 
is to ensure safe use of  wireless devices such as mobile phone. Therefore, EM radiation should 
be controlled towards human body. In this research, a metamaterial structure is developed and 
the performances of  the structure is analyzed. The structure consists of  a modified 
omega-shaped split resonator which can manipulate the behaviour of  the EM wave. The 
mathematical analysis of  the proposed antenna shows 63.29% point EM radiation reduction.
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1. Introduction
During last few decades, communication system has explored with various 
advance technologies to benefit and enlighten the human life. With the 
invention of  telephone, a revolutionary change was observed in human 
civilization. Later, the communication technology offered radio technology, 
by which a whole new level of  communication system was 
introduced such as cellular and satellite networks. 
Multifunctional smart communication system has led the 
demand of  high data rate multiband communication 
technology (Hakim, Alam, Baharuddin, & Islam, 2022). The 
higher 5G band wireless technology could be the best choice 
to fulfil the stringent demands of  the new generations 
(Hakim, Uddin, & Hoque, 2020).
 The wireless devices emit electromagnetic (EM) 
radiation during active mode of  operation. The human body 

absorbed the radiated EM waves up to a certain level. There are many short 
and long-term effects of  EM radiation on human health. The active source 
of  this radiation is the integrated antenna with the device. There are several 
myths about the biological effect for using a mobile phone. Tissue heating is 
one of  them. The principal mechanism of  tissue heating is the interaction 
between radio frequency energy and the human body. When the mobile 
phone is used, most of  the energy is absorbed by the skin and other 
superficial tissues that might increase the temperature of  biological tissues 
(Bernardi, Cavagnaro, Pisa, & Piuzzi, 2000; Tahvanainen et al., 2007; Yan, 
Agresti, Bruce, Yan, Granlund, & Matloub, 2007). The research is still 
ongoing. The effects of  radio frequency fields on brain have been 
investigated (Auvinen, Hietanen, Luukkonen, & Koskela, 2002; Inskip et al., 
2001; Muscat et al., 2000; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). Extensive use of  mobile phone have high risk on brain 
(Ahlbom et al., 2009; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.

 

Figure 1
Geometric layout of  the metamaterial

 
Figure 2
EM absorption analysis setup

3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
metamaterial at 28 GHz frequency band. The relative parameters of  the 
metamaterial have been described in (Hakim, Alam, Baharuddin, & Islam, 
2022; Hakim, Alam, Islam, Salaheldeen, et al. 2022; Hakim, Hanif, et al., 
2022; Musa, Hakim, Alam, Baharuddin, & Singh, 2021). The metamaterial 
property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.

Figure 3
Scattering parameters of  the proposed structure
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Figure 4
(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
proposed metamaterial.
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Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.

         (a)                                                                   (b)

Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.

  

        (a)                                                               (b)

Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
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(a)

 

(b)

 

(c)

 

(d)

Figure 4
(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
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Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.
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Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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1. Introduction
During last few decades, communication system has explored with various 
advance technologies to benefit and enlighten the human life. With the 
invention of  telephone, a revolutionary change was observed in human 
civilization. Later, the communication technology offered radio technology, 
by which a whole new level of  communication system was 
introduced such as cellular and satellite networks. 
Multifunctional smart communication system has led the 
demand of  high data rate multiband communication 
technology (Hakim, Alam, Baharuddin, & Islam, 2022). The 
higher 5G band wireless technology could be the best choice 
to fulfil the stringent demands of  the new generations 
(Hakim, Uddin, & Hoque, 2020).
 The wireless devices emit electromagnetic (EM) 
radiation during active mode of  operation. The human body 

absorbed the radiated EM waves up to a certain level. There are many short 
and long-term effects of  EM radiation on human health. The active source 
of  this radiation is the integrated antenna with the device. There are several 
myths about the biological effect for using a mobile phone. Tissue heating is 
one of  them. The principal mechanism of  tissue heating is the interaction 
between radio frequency energy and the human body. When the mobile 
phone is used, most of  the energy is absorbed by the skin and other 
superficial tissues that might increase the temperature of  biological tissues 
(Bernardi, Cavagnaro, Pisa, & Piuzzi, 2000; Tahvanainen et al., 2007; Yan, 
Agresti, Bruce, Yan, Granlund, & Matloub, 2007). The research is still 
ongoing. The effects of  radio frequency fields on brain have been 
investigated (Auvinen, Hietanen, Luukkonen, & Koskela, 2002; Inskip et al., 
2001; Muscat et al., 2000; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). Extensive use of  mobile phone have high risk on brain 
(Ahlbom et al., 2009; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.

 

Figure 1
Geometric layout of  the metamaterial

 
Figure 2
EM absorption analysis setup

3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
metamaterial at 28 GHz frequency band. The relative parameters of  the 
metamaterial have been described in (Hakim, Alam, Baharuddin, & Islam, 
2022; Hakim, Alam, Islam, Salaheldeen, et al. 2022; Hakim, Hanif, et al., 
2022; Musa, Hakim, Alam, Baharuddin, & Singh, 2021). The metamaterial 
property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.
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Figure 4
(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
proposed metamaterial.
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Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.

         (a)                                                                   (b)

Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.

  

        (a)                                                               (b)

Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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During last few decades, communication system has explored with various 
advance technologies to benefit and enlighten the human life. With the 
invention of  telephone, a revolutionary change was observed in human 
civilization. Later, the communication technology offered radio technology, 
by which a whole new level of  communication system was 
introduced such as cellular and satellite networks. 
Multifunctional smart communication system has led the 
demand of  high data rate multiband communication 
technology (Hakim, Alam, Baharuddin, & Islam, 2022). The 
higher 5G band wireless technology could be the best choice 
to fulfil the stringent demands of  the new generations 
(Hakim, Uddin, & Hoque, 2020).
 The wireless devices emit electromagnetic (EM) 
radiation during active mode of  operation. The human body 

absorbed the radiated EM waves up to a certain level. There are many short 
and long-term effects of  EM radiation on human health. The active source 
of  this radiation is the integrated antenna with the device. There are several 
myths about the biological effect for using a mobile phone. Tissue heating is 
one of  them. The principal mechanism of  tissue heating is the interaction 
between radio frequency energy and the human body. When the mobile 
phone is used, most of  the energy is absorbed by the skin and other 
superficial tissues that might increase the temperature of  biological tissues 
(Bernardi, Cavagnaro, Pisa, & Piuzzi, 2000; Tahvanainen et al., 2007; Yan, 
Agresti, Bruce, Yan, Granlund, & Matloub, 2007). The research is still 
ongoing. The effects of  radio frequency fields on brain have been 
investigated (Auvinen, Hietanen, Luukkonen, & Koskela, 2002; Inskip et al., 
2001; Muscat et al., 2000; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). Extensive use of  mobile phone have high risk on brain 
(Ahlbom et al., 2009; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.
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Geometric layout of  the metamaterial
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EM absorption analysis setup

3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
metamaterial at 28 GHz frequency band. The relative parameters of  the 
metamaterial have been described in (Hakim, Alam, Baharuddin, & Islam, 
2022; Hakim, Alam, Islam, Salaheldeen, et al. 2022; Hakim, Hanif, et al., 
2022; Musa, Hakim, Alam, Baharuddin, & Singh, 2021). The metamaterial 
property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.
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(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
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Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.
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Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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absorbed the radiated EM waves up to a certain level. There are many short 
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Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.
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3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
metamaterial at 28 GHz frequency band. The relative parameters of  the 
metamaterial have been described in (Hakim, Alam, Baharuddin, & Islam, 
2022; Hakim, Alam, Islam, Salaheldeen, et al. 2022; Hakim, Hanif, et al., 
2022; Musa, Hakim, Alam, Baharuddin, & Singh, 2021). The metamaterial 
property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.
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(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
proposed metamaterial.

 

           (a)                                                            (b)
 
 

 
                                   (c)

Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.
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Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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1. Introduction
During last few decades, communication system has explored with various 
advance technologies to benefit and enlighten the human life. With the 
invention of  telephone, a revolutionary change was observed in human 
civilization. Later, the communication technology offered radio technology, 
by which a whole new level of  communication system was 
introduced such as cellular and satellite networks. 
Multifunctional smart communication system has led the 
demand of  high data rate multiband communication 
technology (Hakim, Alam, Baharuddin, & Islam, 2022). The 
higher 5G band wireless technology could be the best choice 
to fulfil the stringent demands of  the new generations 
(Hakim, Uddin, & Hoque, 2020).
 The wireless devices emit electromagnetic (EM) 
radiation during active mode of  operation. The human body 

absorbed the radiated EM waves up to a certain level. There are many short 
and long-term effects of  EM radiation on human health. The active source 
of  this radiation is the integrated antenna with the device. There are several 
myths about the biological effect for using a mobile phone. Tissue heating is 
one of  them. The principal mechanism of  tissue heating is the interaction 
between radio frequency energy and the human body. When the mobile 
phone is used, most of  the energy is absorbed by the skin and other 
superficial tissues that might increase the temperature of  biological tissues 
(Bernardi, Cavagnaro, Pisa, & Piuzzi, 2000; Tahvanainen et al., 2007; Yan, 
Agresti, Bruce, Yan, Granlund, & Matloub, 2007). The research is still 
ongoing. The effects of  radio frequency fields on brain have been 
investigated (Auvinen, Hietanen, Luukkonen, & Koskela, 2002; Inskip et al., 
2001; Muscat et al., 2000; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). Extensive use of  mobile phone have high risk on brain 
(Ahlbom et al., 2009; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.
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3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
metamaterial at 28 GHz frequency band. The relative parameters of  the 
metamaterial have been described in (Hakim, Alam, Baharuddin, & Islam, 
2022; Hakim, Alam, Islam, Salaheldeen, et al. 2022; Hakim, Hanif, et al., 
2022; Musa, Hakim, Alam, Baharuddin, & Singh, 2021). The metamaterial 
property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.
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(a)Relative permittivity, (b) permeability, (c) effective refractive index; and (d) absorbance and reflectance of  the 
proposed metamaterial.
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Figure 5
(a)E-field, (b) h-field and (c) surface current distribution of  the proposed metamaterial

 The EM absorption reduction has been investigated with 3-layered 
human phantom. Firstly, the antenna performances have been investigated 
without metamaterial attachment. After that the performances have been 

analyzed with metamaterial structure attachment behind antenna structure. 
3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
It is shown that the antenna directivity increased after metamaterial 
integration which focuses EM wave reflection and shield to propagate 
towards human phantom.
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Figure 6
(a) 3D radiation pattern without metamaterial and (b) 3D radiation pattern with metamaterial

Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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Figure 7
(a) point SAR without metamaterial and (b) point SAR with metamaterial 

4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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1. Introduction
During last few decades, communication system has explored with various 
advance technologies to benefit and enlighten the human life. With the 
invention of  telephone, a revolutionary change was observed in human 
civilization. Later, the communication technology offered radio technology, 
by which a whole new level of  communication system was 
introduced such as cellular and satellite networks. 
Multifunctional smart communication system has led the 
demand of  high data rate multiband communication 
technology (Hakim, Alam, Baharuddin, & Islam, 2022). The 
higher 5G band wireless technology could be the best choice 
to fulfil the stringent demands of  the new generations 
(Hakim, Uddin, & Hoque, 2020).
 The wireless devices emit electromagnetic (EM) 
radiation during active mode of  operation. The human body 

absorbed the radiated EM waves up to a certain level. There are many short 
and long-term effects of  EM radiation on human health. The active source 
of  this radiation is the integrated antenna with the device. There are several 
myths about the biological effect for using a mobile phone. Tissue heating is 
one of  them. The principal mechanism of  tissue heating is the interaction 
between radio frequency energy and the human body. When the mobile 
phone is used, most of  the energy is absorbed by the skin and other 
superficial tissues that might increase the temperature of  biological tissues 
(Bernardi, Cavagnaro, Pisa, & Piuzzi, 2000; Tahvanainen et al., 2007; Yan, 
Agresti, Bruce, Yan, Granlund, & Matloub, 2007). The research is still 
ongoing. The effects of  radio frequency fields on brain have been 
investigated (Auvinen, Hietanen, Luukkonen, & Koskela, 2002; Inskip et al., 
2001; Muscat et al., 2000; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). Extensive use of  mobile phone have high risk on brain 
(Ahlbom et al., 2009; Schüz, Jacobsen, Olsen, Boice, McLaughlin, & 
Johansen, 2006). It had been ruled out that by more than 50% of  the RF 
energy emitted from mobile phone being absorbed at the side hemisphere of  
the brain where the mobile phone is usually held to (Cardis et al., 2008). The 
side of  the brain (temporal lobe) absorbed the highest RF energy. This side 
of  the brain always recorded the highest RF absorption. However, this 
absorption was recorded for long term usage of  mobile phone. Similarly, the 
short-term usage of  mobile phone could lead to such phenomenon. Some 
studies had found that there is a rising risk on human body with cardiac 
arrhythmia and acute myocardial infarction due to EM radiation (Swerdlow, 
Feychting, Green, Kheifets, & Savitz, 2011). 
 There are some established methods for EM reduction, metamaterial is 
one of  them (Hakim, Alam, Almutairi, Mansor, & Islam, 2021; Hakim, Alam, 
Sahar, Misran, & Mansor, 2021; Hwang & Chen, 2006; Islam, Faruque, & 
Misran, 2010, 2011; Manapati & Kshetrimayum, 2009). In (Hwang & Chen, 
2006) proposed SRRs metamaterial structure to reduce SAR of  the mobile 
phone. In (Manapati & Kshetrimayum, 2009), 57% of  the SAR reduction has 
been achieved using open split ring resonators (OSRRs). By using split ring 
resonators (SRRS) array, 42.12% of  SAR reduction was obtained in (Islam et 
al., 2010). After that, SRR based metamaterial achieved 63.40% of  the SAR 
value reduction in (Faruque, Misran, & Islam, 2011). In sequence (Faruque, 
Islam, & Ali, 2013) developed SMMs metamaterial for electromagnetic 
absorption reduction, where 53.06% of  EM reduction was achieved.
 The motivation focused on this research is to ensure safer use of  mobile 
phones by designing and developing a new metamaterial to control EM 
radiation. The performances are comprehensively investigated in the 
presence of  a three-layered human phantom. 

2. Methodology
The initial design of  the proposed metamaterial has been designed using 
commercially available CST electromagnetic simulator software. The 
simulation setup of  the metamaterial unit cell has been described in (Hakim, 
Alam, Islam, Baharuddin, et al., 2022; Hakim, Alam, Sahar, Misran, & 
Mansor, 2021; Musa et al., 2022). Figure 1 illustrates the design of  the 
proposed metamaterial with design parameters. Figure 2 shows the EM 
simulation setup with three layered human phantom and 28GHz antenna. 
The phantom consists of  three layers: skin, muscle and bone. The material 
properties have been considered as bio tissue model of  CST studio software. 
Moreover, the antenna has been customized using Antenna Magus. The 
antenna operates from 27.735 GHz to 33.5 GHz with 90% total efficiency at 
28 GHz.
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3. Result analysis
The scattering parameters of  the proposed metamaterial has been presented 
in Figure 3. The S11 and S22 presents the reflection coefficient of  the port 
in the front side and back side of  the metamaterial. On the other hand, S21 
and S12 present the transmission coefficient among the port. The 
transmission bandwidth shows a complete blocking of  the wave through the 
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property has been presented in Figure 4(a-b). The negative value of  both 
permittivity and permeability makes proposed metamaterial as double 
negative (DNG) metamaterial which acts as backward wave propagations 
(Hakim, Alam, Soliman, et al., 2022). The features are also understood from 
negative reflective index and reflected wave plot in Figure 4c and Figure 4d, 
respectively. Moreover, E-field, h-field and surface current distribution at 28 
GHz have been investigated and presented in Figure 5. All results show that 
the structure responded well at 28 GHz and match well with the results in 
Figure 4.
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3D radiation pattern with and without metamaterial is illustrated in Figure 6. 
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Figures 7(a) and 7(b) depicted the simulated point SAR values without and 
with metamaterial attachment respectively. It is observed from Figure 7 that 
the SAR value is reduced by 62.29% after metamaterial structure integration, 
which shows the intensity of  EM wave absorption reduction.
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4. Conclusion
The paper presents development and analysis of  a metamaterial structure for 
EM absorption reduction, which can operate 28 GHz 5G standards. The 
metamaterial structure satisfies the EM absorption guidelines established by 
IEEE and International Commission on Non-Ionizing Radiation Protection 
(ICNIRP) without degrading antenna performances at upper 5G band. EM 
absorption reduction by 62.29% makes the structure a potential candidate for 
safer 5G communication system.
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easy, and the difficulties of  the English writing skill are experienced by the 
ESL/EFL learners and teachers differently.
 A number of  studies (Patwary & Sajib, 2018; Afrin, 2016; Rass, 2015; 
Mohammad, 2015; Khansir & Ahrami, 2014; Mustaque, 2014; 
Al-Khasawneh, 2014; Khansir, 2013; Alhaysony, 2012; Crompton, 2011; Sun 
& Shang, 2010) pointed out the difficulty of  the writing skill for the learners 
in general as well as for Bangladeshi learners in particular. They have 
examined the problems of  writing in different contexts using different 
instruments: writing samples of  the learners, questionnaires and interviews. 
Among the different types of  writing tasks, paragraph writing requires 
special attention. It is a widely practiced writing task in different exams. 
Moreover, it facilitates the writer to develop understanding about writing a 
multi paragraphed composition like the essay or to move back to the 
discussion of  discreet sentences. However, it is taken for granted that 
teachers are the best judges to point out the problems of  writing skill of  the 
EFL learners. Very few studies (Bao & Sun, 2010; Ahmed, 2010; Ahmed 
Abdel Hamid Mohamed, 2010; ; Huang, Cunningham, & Finn, 2010; Nazim 
& Ahmad, 2012; Butt & Rasul, 2012; Hammad, 2014; Afrin, 2016) reported 
findings about learners’ problems in writing English from teachers’ 
perspectives. 

Statement of  the problem 
Writing skill is one of  the much-needed skills of  the English language. But 
developing proficiency in this skill is a daunting task. Learners face different 
problems in case of  developing their writing skill. The writing skill problems 
cause the learners to remain jobless or they fail to retain the job they are in.  
In addition to the problems identified in the writing tasks of  the learners and 
through the learners’ perceptions, there is a strong need to identify the 
problems of  developing writing skill in the English Language. Again, 
identifying problems in writing paragraphs helps the learners and the 
teachers to be aware of  the problems that might appear in attempting the 
bigger compositions. Few studies (Bao & Sun, 2010; Ahmed, 2010; Ahmed 
Abdel Hamid Mohamed, 2010; Huang, Cunningham, & Finn, 2010; Nazim 
& Ahmad, 2012; Butt & Rasul, 2012; Hammad, 2014; Afrin, 2016) have 
focused on identifying the English writing problems from teachers’ 
perspectives. So, there is a need to conduct a study in the context of  
International Islamic University Chittagong to come up with a better 
understanding about the English writing skill problems from the teachers’ 
perspectives. Teachers are the best evaluators of  their learners’ writing 
problems. Examining the problems of  the English writing skill from the 

teachers’ perspectives will facilitate the learners, teachers and policy makers 
to take effective and informed decisions as to how to overcome the problems 
of  the English writing skill of  the learners at IIUC in particular and the other 
ESL/EFL learners in general. 

Objective
The present study has adopted the following objective to guide the study. The 
research objective of  the present study is to find out the perceptions of  the 
university English teachers about the writing problems at the planning stage, 
writing stage and revising stage faced by their EFL tertiary learners in writing 
paragraphs in English.

Research question
To fulfill the objective of  the research this study has formulated the following 
research question. The research question of  the current study is:
What are the perceptions of  the university teachers about the writing 
problems at the planning stage, writing stage and revising stage faced by their 
EFL tertiary learners in writing paragraphs in English?

Review of  the literature
Problems in English writing skill have attracted attention of  the researchers, 
teachers and linguists across the globe. Teachers’ perceptions about the 
learners’ writing skill problems have been focused in a number of  studies. 
 The study of  Bao and Sun (2010) examined problems in the way of  
teaching grammar, time of  correcting errors, way of  correcting errors and 
causes of  learners’ problem in grammar. Ahmed Abdel Hamid Mohamed 
(2010) investigated the writing problems of  Egyptian student teachers 
through questionnaire and interviews from the perspectives of  seven 
lecturers. In Ahmed Abdel Hamid Mohamed’s (2010) study, the findings 
showed that the student teachers had the problem of  writing a thesis 
statement, a topic sentence, maintaining transition of  ideas and sequence of  
ideas. The study of  Huang, Cunningham and Finn (2010) explored the 
writing problems of  ESOL learners through semi-structured interviews with 
three teachers. The three teachers in the study of  Huang, Cunningham and 
Finn (2010) shared their experiences about the writing difficulties in relation 
to the content, particularly in brainstorming and generation of  ideas to 
develop the content, and presenting the content, specifically in writing the 
introduction and the conclusion of  the content. The teachers in Huang, 
Cunningham and Finn (2010) mentioned grammar as the least difficult skill 
for their learners. 

 Similarly, Nazim and Ahmad in 2012 brought out the common writing 
problems among the preparatory year students of  a Saudi university through 
questionnaire responses from fifteen teachers. Nazim and Ahmad’s (2012) 
study reported problems at the grammatical, mechanical and sentence levels 
among others. In Pakistan, Butt and Rasul’s (2012) study presented the 
perceptions of  ten degree college teachers collected through semi structured 
interview. The study of  Butt and Rasul (2012) highlighted the grammatical 
problems such as basic problems with parts of  speech, use of  verbs, their 
tense, prepositions, pronouns, spellings and punctuations. Hammad (2014) 
used semi structured interviews with three teachers of  Palestine to identify 
the essay writing problems of  the learners. The study of  Hammad (2014) 
reported learners’ problems in the areas of  word for word translation, lack of  
content knowledge, grammatical errors, cohesion errors, lack of  proofreading 
and lack of  academic style. In a study conducted in Bangladesh, Afrin’s (2016) 
study employed semi structured interviews with twelve teachers and found 
problems of  non-English major undergraduate learners in many respects. 
Afrin’s (2016) study revealed Bangladeshi learners’ writing problems, for 
example, vocabulary, and grammatical problems, and irrelevant ideas in the 
composition. Afrin (2016) hinted at the problem of  generalization of  her 
findings because of  conducting the study in only one private university. Again, 
in Bangladesh, Mustaque (2014) had the limitations of  teachers’ participation 
in giving comments about the problems of  the learners. The study of  
Mustaque (2014) proposed that an in-depth study should be made for the 
identification of  learners’ problems. The writing problems in English 
presented in different studies and in different contexts are found in the case 
of  the tertiary EFL learners in International Islamic University Chittagong.  
To develop a better understanding of  the writing problems of  the 
Bangladeshi EFL learners in general and of  the learners of  IIUC in particular, 
teachers’ perceptions about their writing problems need to be studied.   
 Hence, in line with Mustaque’s (2014) proposal to include teachers for 
more in-depth study and with Afrin (2016) to develop a generalized idea 
about the writing problems of  the Bangladeshi tertiary level EFL learners at 
the planning stage, writing stage and revising stage of  writing a paragraph, 
the present study is being conducted. Therefore, to fulfill the gap of  teachers’ 
perception about the writing problems the present study formulates the 
research objective to know the perception of  the teachers about the writing 
problems their learners encounter at planning stage, writing stage and 
revising stage of  writing paragraphs. 

3. Method
Design
The design of  the present research is a case study in which data have been 
collected through questionnaire, and semi structured interviews with the 
teachers. The research is conducted in the Department of  English Language 
and Literature in International Islamic University Chittagong, Bangladesh. 
The current study has adopted Ahmed Abdel Hamid Mohamed’s (2010) 
questionnaire with some modifications in it. It is a five-point Likert scale 
questionnaire with 22 items divided into three categories. The first five items 
are on the planning stage, followed by the 14 items on the writing stage and 
the last three items are on the revising stage. The questionnaires were 
distributed to the six teachers who were assigned to teach a course titled 
“From Paragraph To Essay” to the learners at different times. The two 
teachers who were teaching the course at the time of  study were chosen for 
a semi-structured interview. The two interviewee teachers have been referred 
to in this study as T-1 and T-2. The interviews were recorded and transcribed. 
Later on, the tape scripts and the recording of  the interview data were sent 
to the interviewees to check verbatim presentation of  their interview 
statements (Appendix- A & B: Frist pages of  the interview transcripts are 
attached). The questionnaire data were analyzed descriptively by using SPSS 
(Version 16) and the interview data were analyzed through content analysis. 

Results and discussions 
The answers to the question (What are the perceptions of  the university 
teachers about the writing problems at the planning stage, writing stage and 
revising stage faced by their EFL tertiary learners in writing paragraphs in 
English?) were elicited through the questionnaires distributed to  the six 
teachers, and from the findings of  the semi-structured interviews with the 
two teachers. The findings from the questionnaire data are discussed first 
under three sections: planning stage, writing stage, and revising stage.  The 
questionnaire findings are interpreted according to the criteria given in 
Table-1.   
Table 1
Mean score interpretation criteria

Then, the semi-structured interview findings are presented in three sections 
and all the items of  the three sections are presented individually. Finally, 
findings from both the sources are triangulated.  

Questionnaire findings
Planning stage 
Questionnaire data show the teachers’ perceptions about their learners’ 
difficulties at the planning stage of  writing a paragraph. Table-2 shows the 
mean scores and standard deviation of  the planning sub stages in writing a 
paragraph. Table-2 shows the teachers’ perception that the items 1-3 are 
more difficult than the other items. Based on the mean score interpretation 
criteria of  the Table-1 these three items (1-3) have high levels of  difficulty for 
learners out of  the five items of  the planning stage. The mean scores of  
these three items “Organizing the ideas according to type of  paragraph” 
(Mean=4.00; SD=0.63), “Planning interesting ideas to my topic” 
(Mean=4.00; SD=1.10) and “Planning according to the features of  
paragraph” (Mean=4.00; SD=0.63) indicate the high difficulty levels. The 
other two items of  the planning stage “Generating relevant ideas to my 
topic” (Mean=3.17; SD= 1.33) and “Brainstorming the topic of  the 
paragraph” (Mean=2.50; SD=1.22) indicate medium difficulty level for the 
learners as perceived by the teachers. 
Table 2
Descriptive statistics of  the items of  planning stage

                                           

      In sum, the planning stage in writing a paragraph is highly difficult for the 
learners as perceived by the teachers. The overall mean score of  the planning 
stage, which is 3.53, is indicative of  the high difficulty level of  the planning 
stage. Among the sub-stages of  planning, the least difficult stage is 
brainstorming. The mean score of  brainstorming (Mean=2.50; SD=1.22) 
indicates that some learners may be able to brainstorm because they are the 
tertiary level learners and others may not do it effectively. The teachers also 
perceive that “Generating relevant ideas to the topic” (Mean=3.17; SD= 
1.33) appears more difficult than brainstorming. After that, there is the 
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Introduction
English is considered a global language (Nunan, 2003) and a lingua franca of  
the present day world (Hossain, 2013; Jenkin, Cogo, & Dewy, 2011). People 
of  different categories across the globe learn the language for different 
purposes. English for Academic Purpose (EAP) has developed to cater to 
one such purpose. Among the learners those who opt for 
EAP intend to develop all the four skills of  English: 
listening, speaking, reading and writing. Out of  the four 
skills, writing is considered to be the most difficult skill.  
 Writing skill is needed to pursue higher studies, to get 
established in career, to write assignments and answers to 
questions, to write a job application, to manage a job as well 
as to retain a job. Though development of  the writing skill is 
necessary in many respects, developing mastery in it is not 
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easy, and the difficulties of  the English writing skill are experienced by the 
ESL/EFL learners and teachers differently.
 A number of  studies (Patwary & Sajib, 2018; Afrin, 2016; Rass, 2015; 
Mohammad, 2015; Khansir & Ahrami, 2014; Mustaque, 2014; 
Al-Khasawneh, 2014; Khansir, 2013; Alhaysony, 2012; Crompton, 2011; Sun 
& Shang, 2010) pointed out the difficulty of  the writing skill for the learners 
in general as well as for Bangladeshi learners in particular. They have 
examined the problems of  writing in different contexts using different 
instruments: writing samples of  the learners, questionnaires and interviews. 
Among the different types of  writing tasks, paragraph writing requires 
special attention. It is a widely practiced writing task in different exams. 
Moreover, it facilitates the writer to develop understanding about writing a 
multi paragraphed composition like the essay or to move back to the 
discussion of  discreet sentences. However, it is taken for granted that 
teachers are the best judges to point out the problems of  writing skill of  the 
EFL learners. Very few studies (Bao & Sun, 2010; Ahmed, 2010; Ahmed 
Abdel Hamid Mohamed, 2010; ; Huang, Cunningham, & Finn, 2010; Nazim 
& Ahmad, 2012; Butt & Rasul, 2012; Hammad, 2014; Afrin, 2016) reported 
findings about learners’ problems in writing English from teachers’ 
perspectives. 

Statement of  the problem 
Writing skill is one of  the much-needed skills of  the English language. But 
developing proficiency in this skill is a daunting task. Learners face different 
problems in case of  developing their writing skill. The writing skill problems 
cause the learners to remain jobless or they fail to retain the job they are in.  
In addition to the problems identified in the writing tasks of  the learners and 
through the learners’ perceptions, there is a strong need to identify the 
problems of  developing writing skill in the English Language. Again, 
identifying problems in writing paragraphs helps the learners and the 
teachers to be aware of  the problems that might appear in attempting the 
bigger compositions. Few studies (Bao & Sun, 2010; Ahmed, 2010; Ahmed 
Abdel Hamid Mohamed, 2010; Huang, Cunningham, & Finn, 2010; Nazim 
& Ahmad, 2012; Butt & Rasul, 2012; Hammad, 2014; Afrin, 2016) have 
focused on identifying the English writing problems from teachers’ 
perspectives. So, there is a need to conduct a study in the context of  
International Islamic University Chittagong to come up with a better 
understanding about the English writing skill problems from the teachers’ 
perspectives. Teachers are the best evaluators of  their learners’ writing 
problems. Examining the problems of  the English writing skill from the 

teachers’ perspectives will facilitate the learners, teachers and policy makers 
to take effective and informed decisions as to how to overcome the problems 
of  the English writing skill of  the learners at IIUC in particular and the other 
ESL/EFL learners in general. 

Objective
The present study has adopted the following objective to guide the study. The 
research objective of  the present study is to find out the perceptions of  the 
university English teachers about the writing problems at the planning stage, 
writing stage and revising stage faced by their EFL tertiary learners in writing 
paragraphs in English.

Research question
To fulfill the objective of  the research this study has formulated the following 
research question. The research question of  the current study is:
What are the perceptions of  the university teachers about the writing 
problems at the planning stage, writing stage and revising stage faced by their 
EFL tertiary learners in writing paragraphs in English?

Review of  the literature
Problems in English writing skill have attracted attention of  the researchers, 
teachers and linguists across the globe. Teachers’ perceptions about the 
learners’ writing skill problems have been focused in a number of  studies. 
 The study of  Bao and Sun (2010) examined problems in the way of  
teaching grammar, time of  correcting errors, way of  correcting errors and 
causes of  learners’ problem in grammar. Ahmed Abdel Hamid Mohamed 
(2010) investigated the writing problems of  Egyptian student teachers 
through questionnaire and interviews from the perspectives of  seven 
lecturers. In Ahmed Abdel Hamid Mohamed’s (2010) study, the findings 
showed that the student teachers had the problem of  writing a thesis 
statement, a topic sentence, maintaining transition of  ideas and sequence of  
ideas. The study of  Huang, Cunningham and Finn (2010) explored the 
writing problems of  ESOL learners through semi-structured interviews with 
three teachers. The three teachers in the study of  Huang, Cunningham and 
Finn (2010) shared their experiences about the writing difficulties in relation 
to the content, particularly in brainstorming and generation of  ideas to 
develop the content, and presenting the content, specifically in writing the 
introduction and the conclusion of  the content. The teachers in Huang, 
Cunningham and Finn (2010) mentioned grammar as the least difficult skill 
for their learners. 

 Similarly, Nazim and Ahmad in 2012 brought out the common writing 
problems among the preparatory year students of  a Saudi university through 
questionnaire responses from fifteen teachers. Nazim and Ahmad’s (2012) 
study reported problems at the grammatical, mechanical and sentence levels 
among others. In Pakistan, Butt and Rasul’s (2012) study presented the 
perceptions of  ten degree college teachers collected through semi structured 
interview. The study of  Butt and Rasul (2012) highlighted the grammatical 
problems such as basic problems with parts of  speech, use of  verbs, their 
tense, prepositions, pronouns, spellings and punctuations. Hammad (2014) 
used semi structured interviews with three teachers of  Palestine to identify 
the essay writing problems of  the learners. The study of  Hammad (2014) 
reported learners’ problems in the areas of  word for word translation, lack of  
content knowledge, grammatical errors, cohesion errors, lack of  proofreading 
and lack of  academic style. In a study conducted in Bangladesh, Afrin’s (2016) 
study employed semi structured interviews with twelve teachers and found 
problems of  non-English major undergraduate learners in many respects. 
Afrin’s (2016) study revealed Bangladeshi learners’ writing problems, for 
example, vocabulary, and grammatical problems, and irrelevant ideas in the 
composition. Afrin (2016) hinted at the problem of  generalization of  her 
findings because of  conducting the study in only one private university. Again, 
in Bangladesh, Mustaque (2014) had the limitations of  teachers’ participation 
in giving comments about the problems of  the learners. The study of  
Mustaque (2014) proposed that an in-depth study should be made for the 
identification of  learners’ problems. The writing problems in English 
presented in different studies and in different contexts are found in the case 
of  the tertiary EFL learners in International Islamic University Chittagong.  
To develop a better understanding of  the writing problems of  the 
Bangladeshi EFL learners in general and of  the learners of  IIUC in particular, 
teachers’ perceptions about their writing problems need to be studied.   
 Hence, in line with Mustaque’s (2014) proposal to include teachers for 
more in-depth study and with Afrin (2016) to develop a generalized idea 
about the writing problems of  the Bangladeshi tertiary level EFL learners at 
the planning stage, writing stage and revising stage of  writing a paragraph, 
the present study is being conducted. Therefore, to fulfill the gap of  teachers’ 
perception about the writing problems the present study formulates the 
research objective to know the perception of  the teachers about the writing 
problems their learners encounter at planning stage, writing stage and 
revising stage of  writing paragraphs. 

3. Method
Design
The design of  the present research is a case study in which data have been 
collected through questionnaire, and semi structured interviews with the 
teachers. The research is conducted in the Department of  English Language 
and Literature in International Islamic University Chittagong, Bangladesh. 
The current study has adopted Ahmed Abdel Hamid Mohamed’s (2010) 
questionnaire with some modifications in it. It is a five-point Likert scale 
questionnaire with 22 items divided into three categories. The first five items 
are on the planning stage, followed by the 14 items on the writing stage and 
the last three items are on the revising stage. The questionnaires were 
distributed to the six teachers who were assigned to teach a course titled 
“From Paragraph To Essay” to the learners at different times. The two 
teachers who were teaching the course at the time of  study were chosen for 
a semi-structured interview. The two interviewee teachers have been referred 
to in this study as T-1 and T-2. The interviews were recorded and transcribed. 
Later on, the tape scripts and the recording of  the interview data were sent 
to the interviewees to check verbatim presentation of  their interview 
statements (Appendix- A & B: Frist pages of  the interview transcripts are 
attached). The questionnaire data were analyzed descriptively by using SPSS 
(Version 16) and the interview data were analyzed through content analysis. 

Results and discussions 
The answers to the question (What are the perceptions of  the university 
teachers about the writing problems at the planning stage, writing stage and 
revising stage faced by their EFL tertiary learners in writing paragraphs in 
English?) were elicited through the questionnaires distributed to  the six 
teachers, and from the findings of  the semi-structured interviews with the 
two teachers. The findings from the questionnaire data are discussed first 
under three sections: planning stage, writing stage, and revising stage.  The 
questionnaire findings are interpreted according to the criteria given in 
Table-1.   
Table 1
Mean score interpretation criteria

Then, the semi-structured interview findings are presented in three sections 
and all the items of  the three sections are presented individually. Finally, 
findings from both the sources are triangulated.  

Questionnaire findings
Planning stage 
Questionnaire data show the teachers’ perceptions about their learners’ 
difficulties at the planning stage of  writing a paragraph. Table-2 shows the 
mean scores and standard deviation of  the planning sub stages in writing a 
paragraph. Table-2 shows the teachers’ perception that the items 1-3 are 
more difficult than the other items. Based on the mean score interpretation 
criteria of  the Table-1 these three items (1-3) have high levels of  difficulty for 
learners out of  the five items of  the planning stage. The mean scores of  
these three items “Organizing the ideas according to type of  paragraph” 
(Mean=4.00; SD=0.63), “Planning interesting ideas to my topic” 
(Mean=4.00; SD=1.10) and “Planning according to the features of  
paragraph” (Mean=4.00; SD=0.63) indicate the high difficulty levels. The 
other two items of  the planning stage “Generating relevant ideas to my 
topic” (Mean=3.17; SD= 1.33) and “Brainstorming the topic of  the 
paragraph” (Mean=2.50; SD=1.22) indicate medium difficulty level for the 
learners as perceived by the teachers. 
Table 2
Descriptive statistics of  the items of  planning stage

                                           

      In sum, the planning stage in writing a paragraph is highly difficult for the 
learners as perceived by the teachers. The overall mean score of  the planning 
stage, which is 3.53, is indicative of  the high difficulty level of  the planning 
stage. Among the sub-stages of  planning, the least difficult stage is 
brainstorming. The mean score of  brainstorming (Mean=2.50; SD=1.22) 
indicates that some learners may be able to brainstorm because they are the 
tertiary level learners and others may not do it effectively. The teachers also 
perceive that “Generating relevant ideas to the topic” (Mean=3.17; SD= 
1.33) appears more difficult than brainstorming. After that, there is the 
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Abstract 
Writing is one of  the most challenging skills for the Bangladeshi EFL tertiary learners. The 
learners, teachers and educators refer to the difficulty of  the learners in writing different types 
of  compositions. Among the types of  compositions, paragraphs facilitate a learner to opt for 
bigger compositions as well as for discreet sentences. This study reports the findings about the 
paragraph writing problems of  the Bangladeshi EFL tertiary level learners. Data were 
collected through questionnaire and semi-structured interviews. The questionnaires were 
distributed to 6 teachers of  English Language and Literature at International Islamic 
University Chittagong, Bangladesh and semi structured interviews were conducted with two 
teachers teaching paragraph writing to the students. Findings from the questionnaires have 
revealed that the revising stage is very difficult for the learners followed by writing and 
planning stages. Findings from the semi-structured interviews with the teachers have 
corroborated the findings of  the questionnaire. The findings draw attention to the different 
types of  problems in the writings of  paragraphs by the Bangladeshi EFL tertiary learners and 
provide implications. 
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Introduction
English is considered a global language (Nunan, 2003) and a lingua franca of  
the present day world (Hossain, 2013; Jenkin, Cogo, & Dewy, 2011). People 
of  different categories across the globe learn the language for different 
purposes. English for Academic Purpose (EAP) has developed to cater to 
one such purpose. Among the learners those who opt for 
EAP intend to develop all the four skills of  English: 
listening, speaking, reading and writing. Out of  the four 
skills, writing is considered to be the most difficult skill.  
 Writing skill is needed to pursue higher studies, to get 
established in career, to write assignments and answers to 
questions, to write a job application, to manage a job as well 
as to retain a job. Though development of  the writing skill is 
necessary in many respects, developing mastery in it is not 
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