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the best paper published in this proceedings. This proceeding brings out the various Research 

papers from diverse areas of Science, Engineering, Technology and Management. This 
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with an ultimate aim to bridge the gap between these coherent disciplines of knowledge. Thus 

the forum accelerates the trend of development of technology for next generation.  Our goal 

is to make the Conference proceedings useful and interesting to audiences involved in 

research in these areas, as well as to those involved in design, implementation and operation, 

to achieve the goal.  
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organizing this event in Copenhagen, Denmark. I am sure the contributions by the authors 

shall add value to the research community. I also thank all the International Advisory 

members and Reviewers for making this event a Successful one.  
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CHARGING/DISCHARGING CHARACTERISTICS OF SELF-
ASSEMBLED GAINAS QUANTUM DOTS BY CAPACITANCE-

VOLTAGE TECHNIQUE USING TEMPERATURE-FREQUENCY 
METHOD 

 
NOORAH AL-AHMADI 

 
Assist. Prof. Dr., King Abdulaziz University 

E-mail: nalahmadi@kau.edu.sa 
 

 
Abstract -  
 
This study presents a capacitance-voltage (C-V) technique to examine the electrical properties of self-assembled 
Ga(0.5)In(0.5)As quantum dots (QDs) under variable temperature and frequency conditions. The temperature, frequency, and 
applied voltage bias were studied as factors influencing the charging/discharging effects of the QD layers.Experiments 
performed C-V measurements at fixed frequencies while varying the temperature (50–440 K), and at fixed temperatures 
while varying the frequency (100 kHz–1 MHz). The band diagram of the Ga(0.5)In(0.5)As QDs was used to determine the 
possible conduction C-V mechanism of the QD layers. The C-V characteristics show peaks that vary with temperature, 
frequency, applied bias, and relate to the charging/discharging of the QDs. Therefore, the occupancy of the carriers inside 
the QDs can be tuned by adjusting the bias voltage, temperature, and frequency. 
 
Article Highlights  
 Examined the capacitance-voltage (C-V) behavior of Ga(0.5)In(0.5) self-assembled quantum dots. 
 Developed a novel method for C-V measurements using fixed frequencies while varying the temperature (50–440 K) 

and compared it to traditional C-V using fixed temperatures while varying the frequency (100 kHz–1 MHz). 
 The occupancy of the carriers inside the QDs can be tuned by adjusting the bias voltage, temperature, and frequency. 
 
Keywords - Quantum Dots, Capacitance-Voltage Temperature-Frequency Characteristics, Thermal Emission, Tunnelling, 
PINDiode, Nanoscale Devices 

 
I. INTRODUCTION 

 
Recently, self-assembling structures, including 

quantum wires and quantum dots (QDs), have been 
emphasized for their potential applications. 
Understanding the electronic structure of the QDs and 
their energy band diagram is vital for enhancing the 
device performance [1]. Considerable studies have 
been performed to resolve the electronic structure of 
QDs. From an experimental perspective, the band 
structure of QDs can be accessed through transport 
and optical measurements. Previous experimental 
studies have investigated the electronic structure of 
QDs via photoluminescence excitation spectroscopy, 
capacitance-voltage spectroscopy, photocurrent 
spectroscopy, and photoluminescence [2]. There are 
issues in determining the Schottky barrier on the 
sample surface when using C-V spectroscopy for 
determining absolute energy scales, which varies 
from sample to sample.  

 
Advanced nanoelectronic devices are 

increasingly used in several applications due to 
improvements in nanodevice manufacturing[1]. Self-
assembled quantum dots (QDs) represent a promising 
technology for these devices. The capacitance-voltage 
(C-V) technique is one of the several techniques that 
have been used to understand the electronic behavior 
of QDs. Several appropriate techniques have been 

developed for portraying quantum levels in QDs[2]. 
Previous studies have also demonstrated the 
combined effects of capacitance spectroscopy and 
carrier generation for QD structures. In addition, the 
energy and the Coulomb spacing of electron levels in 
InAs QDs have been measured using capacitance 
spectroscopy[3-5]. One of the considerations 
regarding quantum dots is that they are likely to be 
promising for memories because of the large 
confinement energy for charging holes[6, 7]. It is well 
established that the electrical and optical properties 
are affected by the stored electrons and holes, which 
consequently influence the tunneling times[8].  

 
In this study, the charging/discharging effect 

of the QD layers were extensively studied by 
considering Temperature-Frequency (T-F) as a factor 
that affects the C-V measurements. There are many 
explanations for the C-V curves as the frequency 
changes over the range (100 KHz–1 MHz) at a fixed 
temperature. However, this study also performed C-V 
measurements at fixed frequencies while varying the 
temperature (50–440 K) in addition to doing C-V 
measurements at fixed temperatures while varying the 
frequency (100 kHz to 1 MHz).The rest of the paper 
is organized as follows. Section 2 describes our 
methods. Section 3 describes the results and 
descriptions, and the conclusions are presented in 
Section 4. 



Charging/Discharging Characteristics of Self-Assembled GaInAs Quantum Dots by Capacitance-Voltage Technique using Temperature-Frequency Method 

Proceedings of GSRD International Conference, Copenhagen, Denmark, 16th November, 2021 

2 

II. METHODS 
 

The sample grown by molecularbeam epitaxy 
(MBE) in the form of an intrinsic layer was 
sandwiched between p-and n-type(pin) structures 
with 10 layers of Ga(0.5)In(0.5)As QDs. The QDs were 
separated by a GaAs layer with a thickness of 51Ao. 
The sample was grown on a (100) n+ GaAs substrate. 

 
A schematic diagram of the sample is shown 

in Figure 1, and the details of the growth information 
are listed in Table 1.   

Fig.1 Schematic of the Ga0.5In0.5As QDs sample.  
 

Layer Thickness Material Growth Temp. Doping (cm−3) 

1 (top) 0.5µm GaAs 600 0C p: 6x1018 
2 1.5µm Ga(0.39)Al(0.61)As 600 0C p: 3.7x1018 
3 97Å Ga(0.39)Al(0.61)As (undoped) 600 0C 
4 0.11µm Ga(0.69)Al(0.31)As (undoped) 600 0C 
5 51Å x10 layers GaAs (undoped) 450 0C 
6 11Å x 10 layers QDs’ Ga(0.50)In(0.50)As 450 0C 
7 51Å GaAs (undoped) 450 0C 
8 0.11µm Ga(0.69)Al(0.31)As (undoped) 600 0C 
9 97Å Ga(0.39)Al(0.61)As (undoped) 600 0C 

10 1.50µm Ga(0.39)Al(0.61)As 480 0C n: 3.7x1018 
11 0.7µm GaAs 480 0C n: 6.1x1018 

n+ GaAs Substrate (100) 
Table 1 Basic growth scheme of the sample 

 
All C-V measurements were performed using 

a Keithley 4200 semiconductor characterization 
system for performing capacitance measurements at 
frequencies from 100kHz to 1MHz and a test signal 
accuracy of ± 0.1%. The sample was mounted on a 
TO5 header inside a JANIS cryostat for temperature 
measurements using a helium-based closed-cycle 
refrigeration system. The Lakeshore temperature 
controller was used to stabilize temperatures with an 
accuracy of approximately ± 0.25 K. 
 
III. RESULTS AND DISCUSSION 
 
The C-V relationships were investigated under the 
influence of (T-F) inthe frequency range of 100 kHz–
1 MHz and the temperature range of 50–440 K. The 
capacitance technique is a direct measure of the local 
density of states of electrons. Therefore, it could 
provide an indication of the electrical coupling 
between the QDs and the bulk of the system[9]. In the 
case of QDs, these electrons or holes were confined 
inside the dots. Their response depends on the charge 
and discharge of carriers inside these states. The 
temperature, frequency, and applied voltage are 
among the important factors that influence the 
electrical properties of the structure, thereby 
influencing the response of the electrons inside the 
QDs. The mechanism to complete this data analysis is 
as follows. 
1- C-V measurements with a fixed temperature while 
the frequency changes from 100 kHz–1MHz. 

2- C-V measurements with a fixed frequency while 
the temperature changes from 50–440 K.  
 
3.1 Frequency dependence of C-V measurements 

When the electrical potential was applied 
(by means of the applied bias voltage) to the sample, 
the entire structure contributed to the measured 
capacitance. The capacitance depends on the 
interlayer distances between the QDs, the different 
layers of the structure, and the doping density of these 
layers. The C-V characteristics were examined at 
three selected temperatures in the frequency range of 
100 kHz–1MHz. 

 

 
Fig.2 C-V characteristics of the In0.5Ga0.5As QDs under various 

frequencies at 440 K.  
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Fig.7 C-V characteristics at 400 KHz. 

 

 
Fig.8 C-V characteristics at 1 MHz. 

 
There are clear peaks in Figures 6 and 7at 

frequencies of 100 kHz and 400 kHz, respectively. 
This is due to the strong response to the applied 
signal at low frequencies compared to the high 
frequencies. For example, the response at 100 kHz is 
much higher with a capacitance of 8.69 nF at –1.56 
V. At 400 kHz, the capacitance has a value of 5.09 nF 
at –1.92 V. By increasing the frequency to 1 MHz, 
the amplitude of the peaks become weaker and 
disappear as shown in Figure8 with a maximum 
capacitance value of 3.74 nF. Instead, at 1 MHz, the 
carriers were accommodated within the dots. When 
the temperature increases, the charging/discharging 
time of the QD structure decreases. This is 
compatible with the results given by [11].  

 
When the C-V technique is used, both the DC 

bias voltage Vbias and the alternating test signal Vtest 

are applied at a certain frequency to the diode with 
the QD structure. The equation that describes V is 
given by 

 
𝑉  𝑉 𝑉 𝑉 𝑉 𝑠𝑖𝑛 𝜔𝑡 .               (1) 

 
It is clear from equation (1) that the AC signal 

Vtest is time dependent with ω= 2πf. Therefore, as the 
frequency increases, the charging/discharging time of 
the QDs will be slower to allow carrier movement of 

the dots responding to the test signal. For example, at 
1 MHz, the response time is 1 s and at 100 kHz 
nearly 0.01 ms. Applying Vbias to the QDs makes it 
filled with carriers, but these carriers confined within 
the QDs cannot follow the test signal owing to the 
long duration of charging/discharging of these dots 
and the frequency of the signal being much higher 
than the emission rate of the carriers. The emission 
rate of the carriers exponentially depends on 
temperature as well as on the energy of the density of 
states (DOS) confined within the dots [12]. 

 
The charging/discharging of the QDs was 

affected by many factors, such as the multilayered 
structure of the QDs, in homogeneity of these layers, 
and the DOS in QDs[13]. Therefore, this influences 
the emission/capture rate of the carriers in these 
nanoscale QDs. Regarding the temperature 
dependence, at low temperatures, the carriers will be 
less thermally active, and charging/discharging will 
be dominated by the tunneling process. This process 
was thermally independent.  
 
IV. CONCLUSION 
 

The C-V characteristics of the Ga(0.5)In(0.5)As 
self-assembled QDs show peaks that vary with 
temperature, frequency, and applied bias. Note that 
the peaks in the C-V curves are related to the 
charging/discharging of the QDs. Therefore, the 
occupancy of the carriers inside the QDs can be tuned 
by adjusting the bias voltage, temperature, and 
frequency. However, the stored electrons and holes 
can influence the C-V measurements of the QD 
structure. The amplitude of the capacitance peak 
decreases owing to a decrease in the tunneling rate. 
The carriers within the dots influence the tunneling 
probability. The emission/capture rate can be 
enhanced when one of these processes reaches the 
resonance condition. This occurs when the 
emission/capture rate matches the frequency of the 
applied AC signal. In future research, QD-based 
devices require a better understanding of the 
mechanism of charging/discharging of the QD 
structure. In addition, further research on the factors 
that provide efficient functioning of these devices can 
be used more effectively.  
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Abstract -  
Companies operating in a given area must establish corporate social responsibility (CSR) activities. However, this must be 
carefully considered because the current industrial pattern can occasionally produce major changes and disrupt the present 
living pattern. People who are used to cultivating and catching fish, for example, will be influenced by natural gas firms' 
industrial pattern in places where people are farming and fishing. Existing major corporations' operations will undoubtedly 
change the environment and cause social problems because certain employees and migrants, such as those in the products 
and services industry, will invariably live differently than the local population. 
The activities of existing large companies will certainly change landscapes such as forests, water shade parks and the entry 
of different equipment from those experienced by local residents. In other words, it will change the landscape and in turn 
will also cause social problems because there are workers and migrants who automatically live differently from the local 
community, such as migrants who work in the goods and services industry. 
This paper is the result of research using rapid ethnography methods and analysis of social networks as well as focus group 
discussions. The results of the analysis of the data obtained are the return of the functions of forest plants which are the basis 
of people's lives in this case the planting of cotton trees to support and preserve the Tanimbar culture in the form of icons 
from the community, namely ikat weaving and wood carving crafts and ebony belts, as competitiveness of the community to 
achieve economic prosperity. Efforts for competitiveness use the concept of creating shared value (CSV) 
 
Keywords - CSR, CSV, Ikat, Wood Carving 

 
I. INTRODUCTION 
 
During the country's development period, the issue of 
the use of natural resources, especially natural gas 
resources, has become a long-term orientation for 
improving people's welfare. Utilization of natural 
resources will inevitably have an impact on changing 
the habits and culture of the people living around the 
natural gas mining business. 
This encourages not only minimizing negative 
impacts by reducing the emergence of social 
problems that will arise but also trying to utilize the 
existing cultural resources of the community so that 
they can be developed in accordance with the 
adaptability of the community around the business. It 
is undeniable that mining businesses, which are large 
industries, will be surrounded by traditional 
communities with different technologies. Differences 
in people's lifestyles, namely industry and livelihood 
patterns relying on land such as agriculture, 
cultivation, fishing and livestock will certainly have a 
big impact if they live together in one area. 
The application of mining technology in an area will 
certainly have a wide and large impact on the natural 
and social environment and the culture of the 
community. The result is the emergence of social 
problems that can affect the company's activities. 
The development that is expected and planned by the 
Indonesian government will certainly have positive 
and negative impacts within a certain period of time. 
The Indonesian government is committed to 
increasing the use of natural gas which has reserves 
of 142.72 trillion Standard Cubic Feet (TSCF), of 

which around 13% of gas reserves are in the Masela 
Working Area (Masela Block). Through Government 
Regulation Number 79 of 2014 concerning National 
Energy Policy, domestic natural gas utilization is 
targeted to increase from the current 19% to 24% in 
2050. In contrast, the use of petroleum is reduced 
from the current 42% to 20% in 2050. The demand 
for natural gas continues to increase in line with the 
widespread use of natural gas, both as a raw material 
for the production process, as well as as fuel, 
especially in power plants that are currently running 
or those that will be built (Indonesian Natural Gas 
Balance, 2018-2027, Ministry of Energy and Mineral 
Resources, Ministry of Energy and Mineral 
Resources, 2018). 

 
Figure 1 Abadi Gas Field in the Masela Working Area, 
Arafura Sea coincides with the Maritime Boundary of 

Indonesia and Australia 
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INPEX Masela Ltd. (hereinafter referred to as 
INPEX) is a Cooperation Contract Contractor with 
SKK-Migas, currently operating the Masela Working 
Area which is located in the waters of the Arafura 
Sea, about 150 km southwest of Saumlaki, Yamdena 
Island, Tanimbar Islands Regency, Maluku Province 
which coincides with the National Maritime 
Boundary Indonesia and Australia, about 400 km 
north of Darwin, Northern Territory (Figure 1). 
 
The Work Contract between INPEX and BP Migas 
(now SKK Migas) was signed in November 1998. 
Exploration activities until 2000 found the Abadi Gas 
Field with gas reserves of 6.97 TSCF. In December 
2010, the Government of Indonesia approved the first 
POD (Plant of Development). INPEX originally 
proposed the development of the Abadi Gas Field to 
extract, process, and liquefy gas and condensate at the 
Floating Liquefied Natural Gas (FLNG) Refinery 
with a 2.5 MTPA LNG production capacity located in 
the Arafura Sea. To support the FLNG operation, it is 
planned to build a Logistic Supply Base (LSB) on 
Yamdena Island. The Amdal for the development of 
the Abadi Gas Field FLNG in the Masela Working 
Area has been prepared, approved and obtained an 
Environmental Permit from the Ministry of 
Environment (KLH) on June 4, 2014. 
 
However, in March 2016 the Indonesian government 
(President of the Republic of Indonesia) decided that 
INPEX should develop Abadi Gas Field on land in 
Maluku Province with the concept of Onshore 
Liquefied Natural Gas (OLNG). In connection with 
this change, INPEX sent a letter to the Director 
General, Directorate General of Forestry Planning 
and Environmental Management with letter number: 
SRT-0208/SKKB0000/2016/55, dated October 10, 
2016 regarding Requests for Directions for Changes 
in Environmental Permits due to changes in the 
OLNG-development scheme. Based on Article 50 
paragraph (1), paragraph (2) letter c and paragraph 
(4) of the Government Regulation of the Republic of 
Indonesia Number 27 of 2012 concerning 
Environmental Permits, the KLHK stipulates that 
changes to Environmental Permits are carried out 
through the mechanism for the preparation and 
assessment of the New Amdal. 
After being delayed for almost 20 years, INPEX 
finally received Plan of Development (POD) approval 
for the onshore Abadi Gas Field development scheme 
which was submitted by the Government of Indonesia 
on July 16, 2019. The Abadi Gas Field development 
project is classified as a National Strategic Project 
(PSN) in line with with the Presidential Regulation of 
the Republic of Indonesia No. 58 of 2017 concerning 
Amendments to Presidential Regulation No. 3 of 
2016 concerning the Acceleration of the 
Implementation of National Strategic Projects (PSN). 
The development of the Abadi Gas Field) consists of 
construction and operations that have an impact on 

the natural environment as well as local people's 
livelihood areas (gardening and fishing on the coast): 
 
 Subsea gas wells including SURF (Subsea 

Umbilicals, Risers and Flowlines) pipelines to 
the Floating Gas Processing Facility (FPSO) and 
drilling activities for gas wells in the Arafura 
Sea; 

 FPSO (Floating Production, Storage and 
Offloading Facilities) or Floating Gas Processing 
Facility in the Arafura Sea; 

 GEP (Gas Export Pipeline) or subsea gas 
pipeline from FPSO to GRF (Gas Receiving 
Facility) or onshore gas receiving facility; and 

 OLNG (Onshore Liquefied Natural Gas) or Land 
LNG Plant facilities including supporting 
facilities 

 
Shared value creation focuses on identifying and 
broadening the relationship between social and 
economic progress (Porter & Kramer 2011). CSV as 
a solution that integrates social issues through 
business and economic value creation. 
 
II. KEY CONCEPTS AND LITERATURE 
 
Every effort to implement development in improving 
the country's economy and which is able to change 
the socio-cultural and economic conditions of the 
community must of course be followed by CSR 
(corporate social responsibility). All activities in the 
project phase will certainly cause changes in the 
landscape as well as the daily social activities of the 
community, and in turn become the source of the 
emergence of social problems. 
Another social problem is the mixing of culture and 
society with immigrant communities from outside 
Tanimbar, especially migrants from other islands 
outside Tanimbar, so that the Tanimbar people can be 
said to be indigenous and local people who are 
influenced by mining companies and the businesses 
of other immigrant communities. 
Indigenous peoples here are people who have lived in 
the area for generations, have one ancestor with 
different livelihoods from one another or are bound 
by one identity as a Tanimbar community with 
customs that distinguish them from other 
communities from other ethnic groups in the region 
of Indonesia. 
Cultural behavior contents all of knowledge those 
belong to human as social creature which content 
knowledge models those could be used for 
interpreting the environment and for creating actions 
those are needed. In other word, cultural knowledge 
is used by human for self-adaptation to and facing a 
special environment (physical/natural, social and 
culture) for continuing the human life and 
sustainable. 
Often community development programs are 
responded to by the community and are felt by the 
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community to be not right on target, and this is due to 
differences in perceptions between companies and the 
community due to different cultures. In fact, one of 
the objectives of the CSR program is to minimize the 
gap between the lives of people and companies so 
that social problems that arise can be resolved 
(Chang, et al. 2017). or in other words the process of 
cultural adaptation from the company to the 
surrounding community is bridged by the CSR 
program (Fordham et al, 2018). 
Companies and surrounding communities, both local 
and immigrants, need to understand social, economic 
and environmental conditions so that the dominance 
of these relationships can be clearly seen through 
CSR programs (Kuye et al 2014; Kostova, 1999). 
Companies need to understand what things the local 
community needs to do and give full attention by first 
looking at the socio-cultural conditions of the 
community, especially the prominent identity which 
is the overall structure in the socio-cultural life of the 
community. (Suparlan, 2004). 
Culture 
Culture can be interpreted as knowledge of ideas, 
rules and ideas that have been passed down from 
generation to generation in people's lives that are 
used to understand their natural, social and cultural 
environment. The results of understanding These 
ideas, knowledge, rules and ideas are used to realize 
patterned behavior as a tradition and are usually given 
symbols of belief (Turner, 1966, 1967; Geertz, 1973; 
Keesing, 1994; Kuper 1999). The results of the 
patterned behavior are reflected in a material culture 
or cultural objects. 
Traditions or patterned ways of behaving are passed 
down from one generation to the next so that these 
traditions continue to run and are sustainable. 
Weaving and wood carving as cultural objects will 
continue to be passed down from generation to 
generation when the resulting objects receive symbols 
of belief as interpreted as something sacred (Turner, 
1974). Tradition is a cultural product that is realized 
continuously and has a pattern in its manifestation 
when interpreted with belief so that tradition 
continues to run continuously and becomes 
something unique. 
The Tanimbar people as local residents have unique 
traditions apart from the procedures for their kinship 
system as well as traditions in making ikat weaving 
and wood carvings about the identity of the 
community's position as a picture of customs or 
social rules so that they are sacred. Weaving, which is 
a tradition, is still passed down because it is tied to 
other elements in the life of the Tanimbar people. 
Companies that come from outside the community 
certainly have different living habits from the 
surrounding community. The existence of a large 
company indicates a new business in the goods and 
services industry, which is different from the life of 
the Tanimbar people, whose livelihood is farming and 
fishing in the sea. 

The company's activities in life are certainly different 
from the activities of the community, as well as the 
newcomers who work in the company who come 
from different ethnic backgrounds. Social interactions 
between local residents as well as migrant workers 
and companies can lead to the loss of local 
community transitions. Therefore, every company is 
required to implement their social concerns, namely 
implementing CSR programs to overcome social 
problems that arise due to company activities. 
The CSR applied by the company to local 
communities not only solves social problems that 
arise as a result of these interactions but also has a 
positive impact on local communities to improve 
their traditional and cultural capabilities so that they 
can be used for community capabilities with existing 
social capital. 
Social capital here is interpreted as the ability of the 
community to regulate and interpret the environment, 
both natural and social. Here it is interpreted as a rule, 
knowledge, ideas and ideas that are used by humans 
to understand their environment and are used as 
incentives to realize behavior or often referred to as 
culture. Business and society coexist and thrive 
alongside one another, with the former having a value 
creating role towards the latter (Moran and Goshal, 
1996). 
Driven by globalization, nowadays most companies 
have associate in nursing obligation to supply edges 
to the community and environment. To maximize 
their positive impact on the social and environmental 
system in which they operate, companies must 
develop CSR strategies. The strategies aim was 
returning profits to society. Corporate social 
responsibility (CSR) is a commitment to improve 
community well-being through discretionary business 
practices and contributions of corporate resources 
(Philip Kotler & Nancy Lee 2005). 
The Indonesian government's policy related to 
corporate social responsibility issued law number 40 
of 2007 concerning limited liability companies, 
indicating that companies operating in the field of 
natural resources are required to carry out corporate 
social responsibility or CSR. 
This program can be translated into four strategies, 
including  
1. Charity focus on philanthropy, 2. Building 
infrastructure, 3. Increasing human resource capacity 
and 4. Community development 
 
 Evolution of CSR 

 
Figure 2: Visual evolution of CSR 
Source: Modified from Noor (2021) 
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Social and Cultural capital 
 
Tanimbar Culture 
 
1. Tangible cultural heritage 

 
Figure 3: of Fampompar boat Rock canoe at Sangliat Dol 

(Source: MTB Tourism Office, 2020) 

 
There are cultural relics that still exist in Tanimbar, 
especially on Yamdena Island and become iconic 
Archaeological Sites, namely the megalithic site, 
Natar, and the New Kano monument located in 
Sangliat Dol village, Wer Tamrian, north of Mathilda 
Batlayeri airport. This boat monument is in the form 
of a canoe made of stone which is still intact as much 
as two pieces, while one stone boat is no longer in 
shape in Lorulung village and one boat monument 
that has been destroyed is in Lematang village. 
Then the megalithic site, Natar, Kano Batu 
Monument is located in the village of Arui Bab. 
Nekara Dong Son, type 1 Heger in Arui Das village. 
(National Archeology Center, 2019) 

 
Figure 4: Nekara Dongson at Arui Das 

(Source: Ambon Archaeological Center, 2020) 

2. Intangible cultural heritage 
In general, the Tanimbar people have cultural values 
that are inherent in all aspects of life as a kinship 
called Duan and Lolat. This value represents the 
relationship between protector and supporter, one 
provides support and the other must pay attention and 
supervise and prosper. Each individual has Duan and 
Lolat, an individual at the same time acting as Duan 
and Lolat. This term departs from the existing 
marriage system. 
 
A man who wants to ask for a daughter from a family 
then the man must go to the house of the woman's 
family to express his meaning. In expressing his 
meaning, the young man brought his chap and 
stopper to the girl's family, the stopper was intended 
to buy food in speech and also notification to the 
girl's family. During the discussion, it was also 
suggested that the young man may return on a certain 
date with his family. After that, he just came back 
with Sopi and his 'stopper' to propose. 
 
Sopi is a typical drink from the Tanimbar people 
which is a liquor made from fermented liquid from 
coconut trees. Before the coconut flower blooms, the 
stalk of the prospective coconut is taken from the 
flower and then cut and the liquid that comes out of 
the prospective coconut flower is accommodated in a 
bottle for one night. The next day the water that has 
been stored in the bottle is distilled or mixed with 
water and cooked until the distilled water vapor 
comes out and is accommodated in the bottle. The 
distilled water or the result of fermentation is called 
sopi. 
 
This sopi is then carried by the man with the cloak. 
The term stopper for the old bottle cap is a small 
piece of wood made the size of a bottle cap that is 
inserted in the hole in the earlobe of women for bottle 
caps. Now replaced with money. The money is to buy 
rings, cloth and wedding clothes, while the ring 
weighs 2 or 3 grams. Since then, the man is referred 
to as a candidate for Lolat, after being accepted, the 
man is referred to as Lolat and the family of the 
woman is called Duan. So, the men's family is called 
Lolat and the women's family is called Duan. 
 
The money given from the prospective Lolat is then 
handed over to the mother of the future wife (the 
woman), and the mother of the future wife will 
collect her siblings (Duan from the father of the 
future wife) to buy a ring, then part of the money is 
given to the mother of the father of the future wife 
(his future wife's grandmother) who is Duan from his 
father's father, the prospective wife's father, to collect 
the brothers from Duan's father, the future wife's 
father to buy cloth, then the last one is the money 
given to Duan's grandfather from the prospective 
woman's father to buy a wedding dress. 
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If the man is from another ethnic group or an 
outsider, then he must find a local adoptive father 
(close father). This close father becomes his group or 
clan so that outsiders become one clan and can marry 
local people, as well as cultivating land in the area. 
So, stick to the principle of Duan and Lolat. 
 
The search for adoptive fathers must of course also be 
based on Duan and Lolat principles, other ethnic 
groups must first find adoptive fathers by giving Sopi 
and the cork, then adoptive fathers introduce this new 
person to his family one by one and then get land for 
a livelihood, and of course It's just that the adopted 
son can't marry his adopted sister. If he wanted to get 
married, he had to find a woman from another family, 
and his adoptive father would be the spokesperson for 
this marriage. 
 
Woven fabrics are important in the Tanimbar 
community, especially in marriage. Woven cloth is 
also an icon of the Tanimbar people, in the past 
making woven cloth is a job that cannot be 
abandoned. 
 
ICON OBJECTS 
There are 2 icon objects that will be explored here, 
Weaving and Ikat. 
 
1. Weaving 
History 
Tanimbar Weaving Textiles originally emerged as the 
main clothing for the locals. Made from natural 
materials found all around them, it was the only form 
of clothing they had. Although it is difficult to map 
out exactly the complete history of textiles. 
 
Man 
In the past, men's daily clothes consisted of textiles 
that were 3 meters long and 30 centimeters wide 
which were called baits or slings in certain parts of 
the island. Bait is used to cover only the lower part of 
the body that is worn by wrapping the textile around 
the waist and hips like a loincloth which is then 
secured leaving both ends hanging down the front and 
back. The bait is made of hand-spun cotton yarn and 
fibers from the leaves of the Koli tree (traditionally 
used to make sopi). 
 
Woman 
Women traditionally wear Sarong Tenun Ikat which 
is worn around the waist dropped to the ankles 
leaving the upper part of the body naked. The sarong 
is worn by wrapping it around the waist and the ends 
are folded outward and then tied with a chain belt or 
rope made of koli leaf fiber. While bare chests are 
considered normal, female modesty is maintained by 
covering the legs. Men must refrain from looking at 
women (who are not their wives) even when they are 
crossing rivers because they have to lift their sarongs 
above their ankles; it was said that if a man was 

caught looking at a woman's feet above the ankles, 
they would be punished by their families by being 
fined or beaten. 
The definition of modesty changed when Christianity 
entered the area, through missionary influence, to 
simple now means covering women's bodies from the 
neck down. This development added the shawl as part 
of women's traditional attire which was worn to cover 
the upper part of the body. The missionary entrance 
then started the modernization of the traditional 
Tanimbar dress. 
As time progressed and modern ways of dressing 
began to influence the area through traders or 
government officials, woven fabrics were no longer 
used as daily clothing, both cloth sarongs and woven 
sarongs were saved for certain events such as 
traditional rituals, families and events official. 
 
Cultural Significance and Function 
Tanimbar ikat textiles are now recognized primarily 
for their cultural significance and as part of the 
regional identity. Textiles are central to every part of 
the traditional Tanimbar customs, especially in the 
rituals of the transition from marriage to funeral or 
lifecycle. Both textiles are used as part of traditional 
costumes such as in traditional dances and weddings; 
and as offerings among family members. 
 
Duan-Lolat and Ikat Weaving 
Duan-Lolat, as described in the section on cultural 
profiles, is the social hierarchy that defines cultural 
traditions and practices in Tanimbar. To reiterate, 
Duan was superior in the hierarchy and played the 
role of "protector" and Lolat was the subordinate who 
played the role of servant and defender. The 
relevance of Tenun Ikat textiles in this dynamic 
symbolizes, protects, and comforts. 
Since Duan's role is to ensure the well-being of their 
Lolats, they are required to present textiles at every 
family gathering or event. An example of this exists 
for example the graduation ceremony of a person 
where he is respected and celebrated by the village 
and his family. Both Duan and his Lolat were present 
and each Duan presented him with a Woven Ikat 
cloth to symbolize protection for the next stage in his 
life while each Lolat presented a sopi or money to 
symbolize strength and support on his journey. 
Another example is the Event Paying Treasure, which 
translates roughly to the payment of a dowry, from 
the groom's family to the bride's family. This ritual 
can be lengthy depending on how long it takes the 
Lolat family (the groom's family) to compile the 
items (could be years in the marriage). 
The ceremony is held by each Duan of the bride's 
family and as part of the ritual, Duan must present the 
Ikat Weaving Textile to the groom as a symbol of 
shelter for their wedding journey. In every ritual, the 
presentation of Ikat weaving is a representation of 
protection in entering every stage of life, even until 
death 
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While Ikat weaving remains central to all aspects of 
the Tanimbar tradition, its role as an icon and 
regional identity means that it is also prominent in 
important aspects of modern life. Kain has become 
significant in promoting regional identity and a 
symbol of pride for Tanimbar among other parts of 
Indonesia. 
Apart from its usual traditional use, ikat has also 
become a part of religious events such as Christmas 
and Easter and even New Year's Eve as each occasion 
is family centric. The involvement of traditional cloth 
means the adaptation of local traditions to respect and 
follow traditional rituals with events that become part 
of the community after the entry of religious 
influences. 
In addition to the things above, cloth has also begun 
to be used as formal wear for events such as going to 
church, weddings, schools. 
 
The Weaver 
Tenun Ikat has generally been known as “women's 
work” with skills being passed down from generation 
to generation from mother to daughter. Starting from 
a young age, women have been exposed to ikat 
weaving and it has been ingrained in their minds that 
it is the role of the women at home to produce this 
cloth, it is considered taboo for men to weave, 
modern times have moved towards the 
encouragement of men to involved in the ikat 
weaving process supporting their wives by learning 
how to dye and arrange the woven threads. 
Throughout the history of Tanimbar, it was believed 
that every household on the entire island had a 
weaver, whether it was a mother or daughter or both. 
Due to its basic function as daily wear, every woman 
in the household is responsible for providing it for her 
family, so it is an important skill to have and it is the 
main contribution of women to the household. 
Now, due to the influx of modern clothing, this skill 
is not considered as important or valuable anymore, 
so several villages on Yamdena Island have 
households with no weavers at all. On the other hand, 
because of this development, Ikat Weaving has 
become an artisanal skill that few possess. As a 
result, it has influenced the growth of Tenun Ikat as a 
home industry and made it a source of income for 
families, where women can contribute more to their 
households. 
Selaru Island is known as the center of the Ikat 
Weaving industry with every woman from all 
generations on the island having a skill. This 
condition persists to the present day and can be used 
as capital for the production of Tanimbar weaving. 
 
Techniques, Equipment and Materials 
An ikat cloth is identified as a woven cloth made 
using a dyeing technique to create a pattern where the 
weaver binds the design to an arrangement of threads 
using rope or string before soaking it and then dyeing 
it, this process can be done several times to create 

designs in various colors. After drying, a series of 
patterned threads is re-arranged among the remaining 
threads which usually number up to 1500, or 2,000 
threads each. By nature, woven textiles are very 
complex, work with delicate materials and require 
tremendous discipline and patience. 
Traditionally, these textiles are made using organic 
materials found in nature. The natural raw materials 
themselves must go through their own preparation 
process which will take, at present, the cotton tree is 
no longer there, and in some villages, it is still there 
for the use of kerosene lamp wicks. The cotton 
material to make spun in making cloth is no longer 
available and this is also due to the presence of ready-
made yarn in the city of Saumlaki. Over time, there 
were no more village people or women making 
woven fabrics. 
 
2. Woodcraft 
Boat shaped wood carving 
Symbols and roles of the leader’s custom 
In the process related to the social life of the 
community, of course it will also involve customs 
and will invite a customary council consisting of 
several traditional stones consisting of soa heads. The 
head of the soa is the head of a group of several clans 
or often referred to as a master. 
The structure of this traditional council is symbolized 
by a boat in one village called Fenamlampir mel, or 
kamparesi in another village, some call it iraratu and 
others, each village has a different term and clearly 
has the same function. 
In the boat there are several people (these terms are 
taken from one of the research villages) with their 
respective functions, namely 1. Solilur or Koreo is a 
guide in the function of the boat, in custom, this guide 
serves as a spokesman for the community, behind the 
guide there are 2. Kuere / kitu kuare or ship captain, 
and in adat acts as the leader of the adat council and 
he is tasked with thinking and deciding. Behind 
Kuere there are two people who are referred to as on 
the right 3. Mangatnyanu silai/mangsofape and 
mangsuayat on the left who are both tasked with 
finding solutions to good and bad cases, and behind 
him there are 4. marumat who works as treasurer and 
is continued with 5 Mana suayat who work as 
assistant treasurer and lastly as 6. Stewardess or 
Willen this role is what drives the power of a ship to 
run. This traditional council is the foundation of the 
social life of the Tanimbar people. 

 
Figure 5: Boats in Tanimbar 

Source: Photo taken by the author, 2020 
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Figure 6: (Figure 6: Large boat from pile of stones 

Source: The Maluku tourism office, 2020 

 
The image of this traditional council is seen as a boat 
in the village, as depicted in the relics of the 
Tanimbar people in the Sangliat Dol area, namely the 
remains of a large boat in the form of a pile of stones 
in the shape of a boat in the village yard with its 
traditional stones. It seems that this traditional council 
is in Natar Saulun or the village square when holding 
a village ceremony which is described by the sitting 
of traditional elders in a stone boat (in the past). 
The Tanimbar people in the studied areas use the 
term traditional elders sitting on traditional stones 
that are already available in the background in front 
of the village, and this is exactly the location of the 
stone boat monument found in the Sangliat Dol area 
or village as iconic archaeological find. 

 
Figure 7: Sangliat Dol area or village as iconic archaeological 

Source: The Maluku tourism office, 2020 
 

 
Figure 8 : Boat carvings 

Source: The Maluku tourism office, 2020 

In addition to weaving cloth as an icon, there are also 
wood carvings which are also symbols of customs, 
especially boat carvings with passengers depicting the 
role functions of the people on the boat, and also 
some villages make wood carvings other than boats, 
such as the shape of the boat. people are out hunting, 
nursing and so on. So it's not just a boat carving. 
Some even make belts from ebony. 
 
Livelihood 
The livelihoods of the people in general are fishing in 
the sea with simple tools and also some use arrows to 
catch fish by diving and lit with lights and equipped 
with traditional diving goggles. Apart from catching 
fish, residents also cultivate their land by farming in 
fields with a rain-fed system and burning forests by 
relying on the season (hot and rainy). For villages 
close to the city of Saumlaki, residents also work as 
traders (entrepreneurs) and some also work as 
employees like city dwellers. Sometimes they also 
catch fish and work on grilled fields, these villages 
are like the village of Sifnana, Olilit which is close to 
the town of Saumlaki. Of course, the Doan Lolat 
custom is still adhered to, especially to accept 
residents from outside, especially to work as traders 
and live in the village area. 
 
Fishing in the sea the equipment used is usually with 
a stone sero (as a legacy of the past), namely making 
traps for sea fish on the beach, and some residents 
catch with nets and arrows so that they can go further 
into the sea (about 100-150 meters). 
 
Moving cultivation is carried out, usually during the 
dry season, the fields are cleaned by cutting large 
trees and small trees and then burning them around 
August, opening and burning them in September. In 
October November the fire died because of the rain. 
In this season, maize, sweet potato, red rice, kombili, 
petatas, taro and kasbi trees are planted. Before 
cultivating the land, of course, through a ceremony 
with sopi to deliver prayers to the ancestors and God 
Almighty. 
 
Language 
There are several languages in the Tanimbar 
community and in general the whole community can 
use them in interacting with one another. The 
languages in Tanimbar include: Yamdena, Selaru, 
Larat, Lermatang and Makatian languages. In all 
villages 4 languages can be spoken and this is 
because people migrate to each other, while Makatian 
is the only language in that village where Makatian is 
spoken. In general, the Tanimbar language is referred 
to as the Fordata language, and the Fordata language 
is used in the activities of traditional ceremonies. 
According to several writings, in Makatian Village, 
there are still speakers of the language from children 
to the elderly. But that does not mean the Makatian 
language is spared from extinction. One of the 
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reasons is that the number of Makatian speakers is 
limited compared to other regional languages. This 
condition allows the Makatian language to gradually 
shift. 
 
Indigenous People 
In the Tanimbar archipelago, ethnically it is 
dominated by the Tanimbar people or called the 
Tanimbar natives, with the customs of Duan and 
Lolat. This custom then developed into different uses 
and some even changed in some of the research 
villages. Mythologically, based on the stories of the 
Tanimbar people themselves, they came from the 
Seram area around Mount Sembilan, that located 
around Maluku province in the northern of Tanimbar. 
The word "Tanimbar" comes from the word 
Tanempar in the Yamdena Timur (Nustimur) 
language or Tnebar in the Fordata language, which 
means "stranded". These people landed in the 
Tanimbar archipelago and scattered, and according to 
each area they were considered the first areas to land, 
the rest spread to other villages. Each village 
considers that its area is the first stop for people who 
come from Mount Sembilan. 
Then after stopping at one place, people from Mount 
Sembilan landed again in the area and were then 
driven out by the first person to land with a system of 
inter-group warfare. And so on until they spread 
south to the Yamdena island area. 
 
If based on the existing lifestyle, of course the 
Tanimbar people (Tanimbar ethnic groups) have 
varied lifestyles, especially those located near the city 
of Saumlaki, many people work in the local 
government and private office service industries, 
trade and also fishermen. Whereas in villages that are 
not in urban areas, many work as cultivators, 
fishermen and sell in markets, while in rural areas far 
from urban areas their livelihoods are farming and 
fishing. Meanwhile, many of the customs which were 
based on Duan and Lolat were abandoned and chose 
to use the national (formal) village custom, especially 
in ownership. Meanwhile, the use of customs that are 
still used today with the Duan and Lolat system in all 
activities can only be seen in the Latdalam village 
which still adheres to its customs. So that it can be 
said that the Latdalam village community is an 
indigenous people. 
 
III. METHODOLOGY 
 
This research is using ethnographic methodology 
which consist of observation on the exploration field 
and in-depth interview. All of the explored areas were 
carefully examined and all of the interviews 
conducted were used for academic purpose only. 
 
The exploration took place in INPEX Masela Ltd, a 
Cooperation Contract Contractor with SKK-Migas, 
currently operating the Masela Working Area. 

IV. DISCUSSION 
 
Weaving and other cultural objects such as wood 
carvings are cultural objects that unite people's lives, 
especially in establishing kinship between community 
members. 
The implementation of the CSR program begins with 
research on community social capital, namely the 
cultural and social ability of the community to accept 
renewal and increase innovation from within the 
community. With social capital and the existence of 
social networks and focus group discussions, social 
problems that arise from the company's activities can 
be detected and provide an overview of what 
strategies will be applied in solving social problems 
that arise from the stages of natural gas mining 
development projects. at the same time preserving 
nature and improving the economy of the community 
which relies on its cultural capabilities, namely 
increasing the weaving business which in turn 
preserves the existing social culture, namely the 
kinship system, where the kinship system is very 
integrated between indigenous people and immigrants 
in order to live together in one area. 
During the implementation of natural gas mining 
development, there are many other activities such as 
construction of mining buildings, loading and 
unloading ports, road access from offices to 
warehouses as well as road access between buildings 
as well as road access to factories and nature. gas 
line. Other equipment is the placement of gas pipes 
from ships and gas pipes that pass-through people's 
plantations. 
The entire process of gas mining development 
activities is of course through environmental impact 
analysis, both natural, cultural and social. 
Anticipation of the arrival of migrants for labor needs 
will be very much needed, so that it will have an 
impact on changes in the cultural and social 
landscape. Social and environmental problems are the 
focus of the affected communities so that they need to 
be addressed through CSR and not only solving 
existing problems but also trying to improve the 
traditional capabilities of the community to be able to 
compete economically with migrants. Ikat cloth is 
targeted to be developed and in accordance with the 
capacity and social support capacity of the 
community in accordance with the existing culture. 
The link in increasing social carrying capacity in 
accordance with the habits of the local community is 
to apply CSV (Creating Shared Value) which seeks to 
increase the competitiveness of local communities 
against migrants. 
Some cotton plants will be lost because they are 
eroded by land and land use so that many cotton trees 
will be lost. Cotton tree is the main material for 
making Tanimbar woven cloth. This is also 
influenced by fabric materials that come from outside 
so that they can become competitors of traditional 
ikat weaving materials, so that it will inevitably be 
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lost, while the ability to make ikat weaving still exists 
and develops, this is due to the ability to weave. is 
one of the requirements for women to get married, so 
it is necessary to improve these traditional ways in 
order to compete with other traditional materials. - 
material from outside. Likewise, hardwood will be 
lost because it is replaced by buildings and mining 
infrastructure. So that wood carving as a craft will be 
lost and it needs a touch of expertise so that the 
carving is not monotonous 
 
V. CONCLUSION 
 
Based on the exploration, the implementation of CSR 
basically follows the conditions of the community 
and tries to follow the customs and culture of the 
community so that the program will be more 
effective. then directed to CSV for the sustainability 
of existing and formed social capital. It defines social 
innovation as a new idea that simultaneously fulfills a 
social need and creates a social relationship or 
collaboration. Creating shared value (CSV) is defined 
as a policy concept and operating practice that 
enhances the competitiveness of the company while 
at the same time advancing the economic and social 
conditions in the communities where the company 
operates. 
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Abstract - This research study the morphological characters of fourteen fig genotypes spread in Swaida governorate which 
located in the south region of  Syria, where 4 cultivars of them were genotypes scattered in the local fields without any 
scientific taxonomy and farmers did not classify them properly. Using twenty-five morphological indicators related to plants, 
leaves  and fruits. The results showed that several morphological features could distinguish genotypes from each other. We 
distinguished five of the varieties, namely (Dwashi, Braji, Swaidi, karima, Tammozi) as they give a secondary crop (breba) 
beside the main crop but the rest of the varieties give only a main crop, while the fruits of (F1) and(F2) genotypes did not 
ripen, as these genotypes are likely Caprifigs. The highest degree of morphological similarity reached between Small Bokrati 
and F3 (0.73), as well as between Bechari  and F2 (0.73). The lowest morphological similarity degree was 
between F2 and Tammozi (0.09). The average morphological similarity was (0.56). The UPGMA cluster analysis showed 
the genotypes separated into three groups and two subgroups at a similarity value of 45%. Fruit weight , fruit shape and leaf 
area were the most distinct indicators among the studied varieties. Tammozi cultivar has low values of its morphological 
similarity with the rest of the cultivars which reflect great difference between it and other cultivars. 
 
Keywords - Morphological Characters, Genotypes, Taxonomy, Caprifigs, Morphological Similarity. 

 
I. INTRODUCTION 
 

Mediterranean Basin is a natural habitat for 
genetic resources of global importance, characterized 
by many differences in terms of climate, nature and 
organisms of all kinds enough to describe as authentic 
and unique, hence the Eastern Mediterranean region, 
including Syria, is one of the original habitats of 
many fruit trees such as olives, almonds, figs, moles 
and grasses. The intensive and indiscriminate 
exploitation of these genetic sources have led to a 
severe shortage of biodiversity in the region which 
highlights conservation, characterization, 
classification and multiplication of these sources as 
truly important ( Millar and Westfall., 1992), plus of 
research and assessment of genetic differences within 
those genetic resources for later use in education and 
improvement programs. The coast of the 
Mediterranean Sea and southeastern Anatolia have 
the best weather to produce fresh fig. These regions 
produce 70% of the world's production of figs. Syria 
has a distinct place among the world's largest 
producing countries, occupying sixth place 
with 38,035 tons of production in 2018 and a 
cultivation area of 9422 hectares. In Al-Swaida 
province, the total area under cultivation was 320 
hectares, with 1779 tons. The breeding of the 
common fig dates back to the eastern part of the 
Mesozoic Basin (Janick, 2005). Fig belongs (Ficus 
Carica L.; 2 n = 26) Moraceae, which has about 1,400 
species distributed within 40 genera. The genus Ficus 
has about 750 species distributed within six sub 
genera, sharing in a unique flower style the flowers 
bear in a fruit called syconium.  (Giraldo., 2005) used 

very clear morphological indicators that could 
distinguish genotypes more clearly, and selected 34 
variables divided into 97 features that separated using 
key component analysis. Using the cluster analysis 
scheme, genotypes separated into four main groups 
based on the production pattern. Twelve genotypes of 
figs (Ficus carica L.) have been collected from the 
southern West Bank region of Palestine using 41 
plant, leaf and fruit formations according to the 
global description adopted by (IPGRI, 2003), with 
some minor changes to these characteristics by the 
requirements of the study. According to 
the UPGMA cluster analysis scheme, the genetic 
species divided into four groups. The morphological 
qualities of nine Algerian varieties of fresh fig 
studied using global prescriptions. Depending on the 
color of the main epicarp, separated the results into 
two groups: Bright epicarp group and dark epicarp 
group (Mahmoudi et al., 2018). (Mirhiedari et al., 
2020) verified the morphological variation of wild fig 
and caprifig where they found significant differences 
between wild fig and caprifig. Cluster analysis of 
both figs showed  the varieties separated into two 
main groups by area of cultivation. 

Search goals: In the recent period, interest 
in the fig crop has increased, from a small to a major 
crop with high economic yields, and demand for the 
fruits of fig has increased in the commercial market. 
Since the varieties of fig are many, widespread and 
lack precise morphological and genetic 
characterization, it is important to name the genetic 
sources of figs in the province of Al-Swaida, to 
choose the best of them for multiplication for use in 
genetic improvement programs. This study aims 
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to meet thefollowing goals: 1 _   Study fig genotypes 
morphologically, to rate some of their morphological 
traits, to figure their diversity within their genetic 
societies and to find the qualities most capable of 

distinguishing the species considered. 2 _   
Determination of differences and genetic kinship 
between genotypes considered based on 
morphological traits. 

 
II. RESEARCH MATERIALS AND METHODS 
 

This research carried out in the Department of Horticultural Sciences of Damascus University between 
2019-2020. The study conducted on 10 local varieties of fig with desirable morphological characteristics in 
genetic complex at a research station in Southern Al-Swaida planted at a distance of 6 × 6 m between trees, 
under ideal conditions for field services such as irrigation, composting, pest resistance and disease, within three 
repeats, three trees of each type, plus four wild figs. 
 

 
Table 1:  Names and codes of figs in the study: 

 
III. STUDY OF MORPHOLOGICAL 
CHARACTERISTICS 

 
The morphological characteristics of each genotype 
during 2019-2020  studied on the basis of the 
International Institute of Plant Genetic Sources 
(IPGRI) description on three representative trees, 
where the following readings: Nature of tree growth 
and growth diameter,  Maturation dates, Leaf 
specification readings, Fruit readings. 

 
IV. STATISTICAL ANALYSIS 
 

We read the morphological traits by using 
the International Institute of Genetic Plant Sources 
(INSCRIPTOR) - description and using the Gene 
STAT12 contrast analysis program to design full 
random two-way segments (ANOVA) to calculate the 
value of the least significant difference between 
genotypes (LSD). We calculated the simple 
correlation coefficient (Pearson) between considered 
traits where we measured the significant of the 
correlation at the 5% and 1% indicative levels 
(ONWUEGBUZIE et al., 2007) 
 
Discussion 
 
 Nature of tree growth: The growth nature 
of figs varied between semi-erect, erect, open, 
spreading and weeping. The results in table (2), 
showed significant differences between varieties in 
the average diameter of twigs, with the average 
diameter of growths ranging from the 
smallest/7.67/mm for F2 to the largest/17.67/mm for 
Tammozi. The latter prove significant superiority of 

5% between the varieties considered for the average 
diameter and the color of the growths ranging from 
the green to the grey. 
 

Growth 
Color 

Growth 
diameter 

(mm) 

Nature of 
Growth 

Genotype Sequence 

Green 17.67 a Semi-erect Tammozi 1 
Bronze 15.67b Semi-erect Moloki 2 
Bronze 14.67bc Open Karima 3 
Grey 13.67cd weeping F(3) 4 
Grey 12.67 de Open Dwashi 5 
Grey 12.67 de Semi-erect Sweidish 6 

Bronze 12.33 de spreading 
Small 

bokrati 
7 

Grey 11.67 e Spreading F(4) 8 
Grey 11.67 e Open Bechari 9 

Bronze 11.67 e Spreading Bragi 10 
Green 9.67 f Weeping Bokrati 11 
Grey 8.33 fg Weeping Sugary 12 
Grey 7.67 g Spreading F(1) 13 
Grey 7.67 g Spreading F(2) 14 

0.9874  

Lowest 
LSD 

Difference 
5% 

  

4.9  
CV% 

contrast 
factor 

  

 
Table 2: Nature of growth, color and diameter of growth (mm) 

of studied trees. 

 
The letters a, b, c, d, e, f, g denotes the relationship 
between considered genotypes, where the common 
letter of two classes in the same column indicates that 
the difference between them is neglected. 

Name Sequence Name Sequence 

Sugary 8 F4 1 
Dwashi 9 F1 2 
Bechari 10 F2 3 
Karima 11 F3 4 
Bragi 12 Small Bokrati 5 

Sweidish 13 Bokrati 6 
Tammozi 14 Moloki 7 
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Leaf qualities: All the genotypes studied marked by 
detailed leaves . While the leaves  varied in neck 
length, the longest leaves  were in F2/10.83/cm and 
Karima /10.33/cm in clear significant differences, 
while F4 was the shortest between the varieties 

/4.17/cm. The leaves  also differed in the dentition 
pattern of the edge of the leaf between whole and 
partial and in the color of the leaves  between dark 
green and green, except for the Dwashi marked by 
light green leaves  (table 3). 

 
Length of neck (cm) Leaf teeth Leaf Color genotype 

10.83a Complete Green F2 
10.33a Complete Dark Green Karima 
6.83b Complete Dark Green Bechari 
6.67b Partial Green Moloki 
6.50bc Partial Green F3 
6.17bc Partial Dark Green F1 
5.83bc Complete Dark Green Bragi 
5.83bc Partial Green Sweidish 
5.83bc Complete Green Sugary 
5.67bc Complete Light Green Dwashi 
5.50bcd Partial Green Tammozi 
5.50bcd Partial Dark Green Bokrati 
5.17cd Partial Green Small bokrati 
4.17d Partial Dark Green F4 

0.7307   LSD5% 
6.7   CV% 

 
Table 3: Morphological characteristics of tree leaves  considered length of neck, leaf color, tooth. 

 
The results also showed that there were significant 
differences between the genotypes in both the length 
and width of the leaf and thus the leaf area, with the 

highest leaf area in F2 of 505.7/cm2 and 
corresponding to the highest value for the average 
leaf length/22.67/cm of the same type. 

 
Area Leaf area (cm2) leaf width (cm) leaf length (cm) Genotype 
Big. 505.7a 22.67a 22.33b F2 

 500a 25.33a 20.33bc Sweidish 
 440ab 21.67bc 20.33bc Karima 
 436.7ab 20.33cd 21.67ab Moloki 

Medium 399b 21.33bcd 19.33cd Bragi 
 380bc 19.67d 18.67cd Tammozi 
 306cd 17.33ef 17.67de Sugary 
 287.7de 17.67e 16.33ef Small bokrati 
 273.3def 14.67gh 18.33d Dwashi 

Small. 223.3defg 15.67fg 14.33g Bokrati 
 210efg 14.33gh 14.67fg Bechari 
 210efg 14.33gh 15.33fg F3 
 195.3fg 13.67h 13.67g F4 
 163.3g 14.67gh 10.67h F1 
 46.05 0.8738 0.9978 LSD5% 
 8.5 2.9 3.4 CV% 

 
Table 4: Average length and width of leaf and leaf area of considered genotypes: 

 
Most of the genotypes characterized by five leaf 
lobes, except for the sugary, bragi, dwashi,F2 and F4, 
some of which had three-lobed leaves . The degree of 

segmentation ranged from very clear to clear except 
for Tammozi was average, and the most detailed were 
Sugary, Dwashi and Moloki (table, 5). 

 

Number of lobes Base Shape Lobe Shape Degree of segmentation genotype 

5a Spur Spoon Clear Bechari 
5a Decorated Sniper Guitar Very clear. Moloki 
5a Heart Wide Velvet Average Tammozi 
5a Decorated Sniper Guitar Clear Bokrati 
5a Decorated Sniper Guitar Clear Small bokrati 
5a Heart Wide Velvet Clear Karima 
5a Spur Guitar Clear Sweidish 
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5a Spur Spoon Clear F1 
5a Decorated Sniper Guitar Clear F3 

4.33ab Spur Spoon Very clear. Sugary 
4.33ab Decorated Sniper Guitar Clear Bragi 
4.33ab Spur Guitar Clear F2 
3.67ab Decorated Sniper Wide Velvet Very clear. Dwashi 

3b Thumbnail Open Guitar Clear F4 
1.0359  LSD 5%   
13.4  CV%   

 
Table 5: Number of lobes, degree of segmentation, lobe shape and base shape of the leaves  of the varieties: 

 
Maturation dates: The results (table 6) showed that 
there was a significant difference between the 
varieties considered in maturation dates, with five 
varieties characterized by being given a secondary 
crop with a main crop. The dates of the main crop 
extended from mid-July to the end of September. The 
varieties classified from early to middle. The very 

early varieties matured in late June to early July, the 
early varieties matured in early July or from first to 
tenth august and the medium varieties from 11 to 31 
august. This is consistent with (Aytekinpolat et al., 
2008)  where two of the breeds studied distinguished 
by giving a primary crop (breba) and the remaining 
seventy-four by giving a major crop. 

 
Main crop date Date of the secondary crop Genotype 

Mid-season 11-31 august No Moloki 
Mid-season 11-31 august No F3 
Mid-season 20-31 august- September Beginning of July Karima 

Early 1-10 august Beginning of July Sweidish 
Early 1-10 august No Small bokrati 
Early 15-30 July No F4 
Early 1-10 august No Bechari 
Early 10-15 august End of June Dwashi 
Early 10-15 august No Sugary 
Early 1-10 august No Bokrati 
Early 10-15 august Beginning of July Bragi 

Too Early 15 June-10 July End of July Tammozi 
It's not maturing. No F1 
It's not maturing. No F2 

 
Table 6: Dates of the secondary and primary crops of considered fig varieties. 

 
Qualities of the fruits: All the fruits 

considered spherical oroval according to the width to 
length ratio of the fruit, with the 
except Bragi and moloki, which had long fruits (table, 
7).The varieties varied in length and width of the 
fruit, with the longest and largest fruits for tammozi, 
while Small Bokrati characterized by the smallest 
fruits in width and length and by significant 
differences from the considered genotypes. This in 
turn led to clear differences between the shape and 
weight of the fruits of the considered genotypes from 
9.67 (F3) to 72.67 for Tammozi (table 7) 
corresponding to (Darjazi., 2011) where fruit weights 

were 8 to 43.5 g and high fruit weight recorded as 
Tammozi in the current study at (GARCIA-RUIZ et 
al., 2013). The weights of the matured wild varieties 
ranged from 9.67 to 29.67, which were few weights 
comparing to the rest of the study. This was in line 
with the (Mirhiedari et al., 2020) study, where the 
fresh weight of the fruit ranged from 0.56 to 28.69 
grams in common fig. And this is due to a variety of 
factors influence, including the genotype, the fruit 
form and the agricultural services. This 
corresponding to earlier research which has shown 
that there is a significant difference in this trait. 

 
Fruit Shape Fruit weight (g) Fruit width (cm) fruit length (cm) Genotype 
Spherical 72.67a 9a 9a Tammozi 

Oval 35b 4.33b 4.17cd Dwashi 
Oval 34.33bc 3.67bcd 3.33def Sweidish 

Spherical 31bcd 3cd 3ef Bechari 
Spherical 30.67bcd 4bc 4cd Sugary 

Oval 30.33cd 4.67b 4.33bc Karima 
Lengthened 30.33cd 4.50b 5.17b Bragi 
Lengthened 30cd 3.67bcd 3.83cde Moloki 
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Oval 29.67d 4bc 4cd F(4) 
Spherical 10.33e 4bc 4cd Bokrati 
Spherical 10.33e 2.83d 1.17abc Small bokrati 
Spherical 9.67e 3cd 3ef F(3) 

 2.362 0.596 0.509 LSD5% 
 5 8.6 7.4 CV% 

 
Table 7: Length, width, weight and shape of fruits in considered fig varieties. 

 
The letters a, b, c, d, e, f, g denotes the 

relationship between considered genotypes, where the 
common letter of two classes in the same column 
indicates that the difference between them is 
neglected. 

 

The epicarp color significantly affects 
consumer and market satisfaction, the main epicarp 
colors ranging from light green to yellow-green to 
purple, while the color of the pith ranged from amber 
to red-rose (table, 8). The fruits of Sweidish 
characterized by soft cracks, with rare cracks in Bragi 
(table, 8). 

 
Skin Crack Pith Color Epicarp color Genotype 

Minute Cracks Amber purple Sweidish 
No Amber Yellow Green Sugary 
No Amber Light Green Moloki 
No Rose Light Green Tammozi 
No Amber Yellow Green Bechari 
No Amber Yellow Green F3 
No Rose Light Green Bokrati 
No Red Light Green Small bokrati 
No Dark Red Purple Karima 

Rare tonal cracks Red Purple Bragi 
No Red Light Green Dwashi 
No Dark Red Purple F4 

 
Table 8: Epicarp color, pith color and skin cracks for considered genotypes. 

 
Correlation between morphological traits 

in figs: The strong correlation between traits plays a 
role in electing desirable traits that accompanied by 
other traits existence associated with them negatively 
or positively (Dicenta and Garcia., 1992). In this 
study, the correlation between most considered traits 
was remarkable. There was a strong positive 
correlation between the length and width of the leaf (r 
= 0.80) and with leaf area (0.92, 0.93), also growth-
related traits such as neck length with leaf area (0.52). 
Those traits were also positively associated with the 
weight of the fruit, where the correlation between the 

weight of the fruit and the width of the leaf was 
positive at the 5% level (0.36). That is, the larger the 
leaf, the higher the weight of the fruits, the more the 
correlation is to choose which varieties have the 
biggest fruits. There was a significant correlation 
between the fruit length and width (0.97). The length 
and width of the fruit with the weight of the fruit 
(0.84 and 85) at the level of 1%(Table 9). The results 
were consistent with (Hssaini et al., 2019) where the 
correlation matrix showed positive and negative 
significant correlations between variables, especially 
fruit size, shape and main epicarp color. 

 

Attribute 
Growth 
diameter 

Leaf 
Length 

Leaf 
width 

Number 
of Lobes 

Neck 
length 

Leaf 
area 

Fruit 
length 

Fruit 
width 

Fruit 
weight 

Shoots 
length 

1         

Leaf 
length 

.27 1        

Leaf 
width 

.17 .80* 1       

Lobe’s 
count 

.21 .03 .24 1      

Neck 
length 

-.16 .51* .44* .23 1     

Leaf area .20 .92* .93* .13 .52* 1    



Morphological Characterization of Some Fig Varieties in Syria 

Proceedings of GSRD International Conference, Copenhagen, Denmark, 16th November, 2021 

20 

Fruit 
length 

.48* .29 .24 -.03 -.07 .27 1   

Fruit 
width 

.50* .29 .25 -.04 -.04 .28 .97* 1  

Fruit 
weight 

.51* .46* .36** -.11 .01 .43 .84* .85* 1 

Where * the association is significant at the level of 5%, ** the association is significant at the level of 1%. 
Table 9: Values of the correlation factor between quantum qualities of considered fig varieties. 

 
Cluster analysis and degree of similarity 

in morphological specifications: The morphological 
traits of considered genotypes used to figure the 
kinship between them by turning the qualitative 
specification into a measure and relying on Dice 
(Dice., 1945) coefficient, where the highest 
morphological similarity was between Small Bokrati 
and F3 (0.73) with green leaf color, partial tooth, 
clear segmentation, guitar lobe shape, decorated leaf 
base, low weight spherical fruit, plus they don't give a 
secondary crop. As well as a Bechari and F1 (0.73) 

resemble in growths color, grey leaves , the shape of 
the base, spoon lobe, the small leaf area and the 
segmentation. Sweidish and Tammozi resemble in the 
large leaf area, the guitar lobe, spherical fruits, and 
the amber pith. The lowest degree of resemblance 
was between F2 and Tammozi (0.09). The average 
morphological similarity between all varieties was 
0.56 (table 10), lower than the average morphological 
similarity (0.69) in previous study (Basheer Salimia 
et al., 2012), indicating the broader morphological 
differences in our study. 

 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 1              
2 .46 1             
3 .38 .57 1            
4 .46 .64 .38 1           
5 .36 .46 .29 .73 1          
6 .50 .55 .33 .59 .59 1         
7 .27 .32 .43 .55 .59 .41 1        
8 .27 .45 .48 .50 .41 .46 .36 1       
9 .49 .22 .28 .40 .44 .36 .36 .49 1      

10 .55 .72 .48 .64 .41 .50 .36 .59 .49 1     
11 .53 .22 .51 .27 .31 .36 .40 .31 .52 .49 1    
12 .48 .26 .41 .39 .57 .44 .44 .39 .55 .44 . 6 1   
13 .48 .44 .55 .61 .52 .35 .70 .39 .38 .52 .55 .46 1  
14 .13 .22 .09 .36 .49 .44 .40 .36 .35 .22 .26 .30 0.34 1 

Table 10: Morphological similarities between considered fig varieties. 
 

Cluster analysis distributed genotypes into 
three groups at 45% similarity: In the first group A, 
Tammozi with the shape of cardiac leaf base and the 
greater weight of the fruit (72g). While the second 
group B included Dwashi, Karima, Bragi, with 
which F4 associated at 30% level, the third group C 
included two subgroups,C1 with Small Bokrati and 
F3 together with which Bokrati was connected at 
29% level. The cluster analysis separated most of the 
genotypes according to the leaf area and the shape 
and weight of the fruit. For C2 group, most of the 
varieties had a small leaf area, a spherical fruit shape 
and a small to medium fruit weight. Second group (B) 
had a medium leaf area, and most of which had oval 
fruits with medium weight. Corresponding with 
another (Aljane et al., 2009) study where they found 
that the traits with high distinction were those of fruit 
weight and leaf area. Also, corresponding with 
(Gaaliche et al., 2013) study where genotypes 
separated into two groups based on the weight of the 
fruit and the thickness of the epicarp also correspond 
with (Hssaini et al., 2019) study where the cluster 

analysis separated the studied inputs into two main 
groups according to the dimensions, weight and color 
of the main epicarp (figure, 1). 

 
Figure 1: Cluster Analysis Diagram Between Studied Fig 

Genotypes Resulting from Morphological Traits Based on Dice 
Factor. 
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V. CONCLUSION 
 
Five of the varieties (Dwashi, Bragi, Swedeish, 
Karima, Tammozi) characterized by a secondary crop 
with the main crop. Tammozi the earliest maturity 
and giving the secondary crop after the main crop as 
opposed to other varieties considered with the longest 
and largest fruits and greatest weight (72.67 g). The 
fruits of F1 and F2 have not matured, as they are 
likely Caprifigs. Small Bokrati characterized by the 
smallest fruits in width and length. We conclude there 
have been wide morphological similarity differences 
between the varieties considered with an average 
morphological similarity between all varieties (0.56). 
The highest degree of morphological similarity was 
between Small Bokrati and F3, as well as Bechari and 
F1. The cluster analysis separated the genotypes 
according to the leaf area and the shape and weight of 
the fruit into three groups at similarity 45%. 
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Abstract –  
The coming of the COVID-19 pandemic, though a calamity in itself, provided an opportunity to find out the true 
effectiveness of ICT in online mathematics teaching and learning. The population under consideration was secondary 
teachers teaching mathematics. It was found that a strong majority of the teachers were male and nearly half of the 
mathematics teachers did not have computers of their own. The study also found that only about half of them had received 
training in ICT. A large majority of them did not enjoy teaching through ICT. Majority of them were of the general opinion 
that mathematics teaching has suffered due to online mode but it could still be used as a supplement to offline mode of 
teaching. Teachers were of the opinion that not all of their students had the facility to make full use of ICT. Moreover, they 
did not consider that students showed improvement due to online mode of teaching, strongly indicating a general disapproval 
of online mode of teaching. In a nutshell, it was discovered that mathematics educators did not consider ICT adequate to 
replace offline teaching but they considered that it could supplement it.  
 
Keywords - Mathematics Teachers, ICT, Students, Online Learning, Pandemic, Secondary Level, Education. 

 
I. INTRODUCTION 

 
ICT is an important part of today’s world. In the 
world of education, regardless of the subject being 
taught, it is gaining importance with each passing 
year. Especially in light of the fact that teaching is a 
profession that needs professionals who are able to 
impart the needed resources for the nation, it is 
imperative that ICT becomes a part of teaching from 
the lowest levels so that students are exposed to 
technology from an early age.  For this to be made a 
possibility, teachers have to be ready to use 
technology, and technology itself has to be available. 
But another important part of this is that even 
students, who are at the receiving end have to be 
ready to receive knowledge through this medium, 
meaning they need to be aware, the need to have the 
much needed facilities if ICT is used in a remote 
manner, and connectivity also has to be enabled so 
that two way communication is enabled.  
 

Mizoram is one of the states in India, situated in 
the north eastern region sharing 404 km and 318 km 
long international borders with Myanmar and 
Bangladesh respectively. Geographical location of 
Mizoram is 92o.15’ E to 93o.29’ E Longitude and 
21o.58’N to 24o.35’N Latitude. Aizawl is the capital 
city of Mizoram. There are 11  Districts, 23 Sub-
Divisions and 26 Rural Development(RD) Blocks.  
Its area  covers  21,081  square  kilometres.  
According  to  2011 census,  there are 830 villages, 
222,853 households, 10,97,206 population and 
literacy rate of 91.33%. School Education in 
Mizoram is categorised broadly as Elementary and 
Secondary. Elementary (Primary and Middle schools) 

covers classes 1 to 8 and secondary(high school and 
higher secondary school) covers classes 9 to 12. High 
School cover classes 9 and 10 and Higher Secondary 
School cover classes 11 and 12. As per Udise plus 
2020-21 data, there are 712 High Schools with 4306 
teachers and 40037 students, 198 Higher Secondary 
Schools with 1900 teachers and 24966 students. 

 
There is a lot of problems and confusion on the 

parts of the students as well as the teachers in online 
teaching during covid-19 pandemic, as this is done 
without proper training, for smooth functioning of 
online learning it will need proper training and 
resources[1].Students experienced dramatic change in 
mathematics education during the enforced 
Covid‐19 lockdown and there needs to be quality 
support for students and teachers in the transition [2]. 
The training received for online teaching, the 
mismatch between pedagogy and learning styles of 
students, work-life balance pressure  and  
assumptions  about  home  life  conditions,  
connectivity  and  availability  of  devices are the 
constraints to online teaching and learning [3].  

 
The lockdown  situation  is  certainly  an  

obstacle  to  the progress  of  education  and  
mathematics  education since most   students   do   
not   have   enough   necessary devices [4]. During 
the Covid-19 pandemic, students had a positive 
mathematics self-concept, mathematics anxiety was  
at  a  moderate  level,  and  already  had  mathematics  
self-regulated  learning  at  a  low  level [5]. Digital 
learning environments will be with us forever, such 
that professional development and teacher 
preparation programs in mathematics education must 
focus on the implementation of the digital learning 
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environment [6]. Instructional technology, as a 
research field with several sub-divisions, has played 
a major role in cushioning the effect of this 
pandemic  on educational  activities by serving as 
the only platform for instructional design, delivery 
and assessment platforms [7].  

 
Covid-19 crisis ushered in digital teaching and 

learning experiences that clearly spelt out the 
existence of digital instructional and pedagogical 
gaps in mathematics education [8]. The covid-19 
pandemic has severely hit the academic sector due to 
the lack of proficiency in online teaching mode due to 
the technological and infrastructural lacuna [9]. The 
governments must ensure the availability of reliable 
communication tools, high quality digital academic 
experience, and promote technology-enabled learning 
for students to bridge the disparities originated in the 
education system before and after COVID-19 
catastrophe which is also inevitably necessitated for 
uninterrupted learning [10]. Before using digital 
platforms for mathematics learning, it is important for 
students to be encouraged to practise and engage 
collaboratively within digital platforms [11]. There is 
a need for secondary schools, with the help of the 
government and other stakeholders to promote the 
establishment of e-learning facilities countrywide 
[12]. COVID-19 is the gateway for digital learning in 
mathematics education and the use of online 
education by schools had expanded greatly following 
the coronavirus outbreak [13]. 

 
Due to COVID -19 pandemic, schools have been 

totally closed in Mizoram. There is no other 
alternatives and so teaching and learning during this 
pandemic can be carried out using online mode only. 
With all these factors in mind, a state-wide research 
was done to find out the effectiveness of ICT in 
mathematics teaching and learning at secondary level 
of education in Mizoram. 
 
II. METHODOLOGY 
 
This part of the research was descriptive in nature. 
The population included both secondary (high school 
and higher secondary school) teachers teaching maths 
within the state of Mizoram. The Information 
schedule and opinionnaire were sent out to the entire 
population. Out of these, 348 teachers responded. 
Since there was a total of 774 mathematics teachers at 
the secondary level and 71 mathematics teachers at 
the higher secondary level in Mizoram, the responses 
made up 41.1% of the population and was thus 
considered more than adequate for research. Since no 
selection was made, sample were completely random 
in nature, with different types of management like 
government, private, adhoc aided, church/NGO and 
lumpsum aided school teachers included. In view of 
the research objective, the researcher opted for an 
Information Schedule and Opinionnaire as the main 

tools. The opinionnaire had a total of three 
dimensions; each having a set of items in which 
respondents simply had to opt for an ‘yes’ or a ‘no’. 
The data received was analysed in a qualitative 
manner making use of descriptive statistics like 
percentages in order to bring a clearer picture.  
 
III. OVERVIEW OF THE PROFILE OF 
TEACHERS AT SECONDARY LEVEL OF 
EDUCATION IN MIZORAM 
 
Based on the Information Schedule that was 
administered by the researcher himself, it was found 
that out of the 348 responses that came, male teachers 
made up 80.2% and only 19.8% of them were 
females. This in itself clearly proved the disparity that 
still exists in a state like Mizoram, which is a state in 
the north east part of India, that a subject like 
mathematics which is a highly abstract subject, is still 
favoured by the male of the population. Out of these, 
23.9% from urban and 76.1% rural teachers were 
identified, and since the data was collected through 
the online mode using google form,  it showed that 
both localities had teachers who could deal with 
online technology. This in itself was a positive 
finding, strongly giving evidence that rural teachers 
were not far behind in dealing with ICT at least at this 
level.  Secondary school teachers made up 91.1%  of 
the responses and  8.9% were from Higher Secondary 
Schools. This meant that 43.6% of mathematics 
teachers at higher secondary level had responded and 
that 40.9% of secondary teachers teaching 
mathematics had responded. Roughly 10% of them 
had a professional degree in education and around 
1.3% of them had a Master’s degree in education. 
This was a disgrace in a state like Mizoram where in-
service teaching has been a part of education since a 
long time. It could also be attributed to the existence 
of a rather weak recruitment system which did not 
necessitate teachers to have a professional training 
degree. However, a surprising fact was that 7.3% of 
them had Master’s degree in Arts subject at the 
masters level. This was surprising because the fact 
that many teachers were willing to take up further 
education was indication that teachers wanted to 
grow. But it could also indicate that teachers who did 
not have the required qualification were teaching 
mathematics in the state. 
 
IV. FINDINGS REGARDING ICT 
COMPATIBILITY OF TEACHERS 
 
The tool was sub divided on three dimensions in 
keeping with the research objectives and the 
pandemic situation which necessitated the use of 
online platform for teaching. On the dimension of 
ICT and teacher, there were 10 items. The results 
obtained were separately analysed and the following 
are the findings: 
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Sl No  
YES NO 

No. % No. % 
 ICT and Teacher     

1 I have my own computer 193 55.5 155 44.5 
2 I have my own smartphone 347 99.7 1 0.3 
3 I do not know how to use Computers 42 12.1 306 87.9 

4 
I know how to use softwares for making e-content like 

pdf/slides/word etc 
274 78.7 74 21.3 

5 
I use readymade e-content like pdf/slides/word etc  to 

teach my students 
208 59.8 140 40.2 

6 I can prepare my own teaching videos for student 268 77 80 23 
7 I use readymade videos to teach my students 214 61.5 134 38.5 
8 I can make e-content using my phone 228 65.5 120 34.5 
9 I have received in-service training in ICT 188 54 160 46 

10 It is difficult to carry on teaching using ICT 185 53.2 163 46.8 
 
- 55.5% of the sample mathematics teachers had 

their own computer. 
- A small minority of 0.3% among the sample 

teachers still did not have their own smart phone. 
- An unexpected 12.1% of the sample teachers did 

not know how to use computers, which is an 
essential part of ICT. 

- A majority of them, i.e 78.7% of the sample 
teachers could use their softwares for making e-
content. 

- A small majority of 59.8% of the sample 
mathematics teachers could make use of 
readymade e-content to teach mathematics. 

- Among the mathematics teachers who 
responded, 77% of them claimed to be able to 
make their own teaching videos. 

- Another 61.5% simply made use of ready-made 
videos. 

- A healthy 65.5% of them could make use of their 
smartphones to make e-content. 

- It was noted that only 54% of the sample 
teachers had received ICT training. 

- More than half of the sample teachers i.e. 53.2% 
still found it difficult to teach using ICT. 

 
4.1 Discussion 
The above information was considered necessary 
because the researcher felt that it was important to 
understand the compatibility of teachers to make use 
of ICT. The justification for this was that, even if the 
resources were available, it would not be healthy if 
teachers could not use the available facilities. The 
study found that teachers were in very different 

positions in their compatibility to use ICT. While a 
good 65.5% of the sample teachers could make their 
own e-content in their smartphones, there was still 
nearly 12% of them who did not know how to use a 
computer, let alone create their own e-content. The 
fact that only around 54% of the sample teachers had 
received ICT training revealed the huge backlog 
when it came to ICT training. Since 53.2% of them 
still found it difficult to use ICT to teach, it was clear 
that ICT  could not be used as a mandatory part of 
teaching, in view of the high percentage of teachers 
who still did not know how to make use of them. The 
majority of 77% of the teachers who could even make 
their own teaching videos put the state in a good 
position but also highlighted that teachers were in a 
very different positions when it came to ICT 
compatibility. Also, nearly half of the teacher still did 
not have their own computers at the time this study 
was done, strongly indicate that they did not consider 
an investment in computer as necessary or wise. This 
in itself was rather disheartening, because it brought 
into light the lack of education even among teachers 
themselves, in the utility of ICT. 
 
V. FINDINGS ON THE STATUS OF 
MATHEMATICS TEACHING DURING COVID 
-19 PANDEMIC ACCORDING TO TEACHERS 
 
The second part of the opinionnaire was concerned 
with the teaching of mathematics in an online mode 
which was a necessity during the COVID-19 
pandemic, which coincided with the time this 
research was performed.  

 

Sl No  
YES NO 

No. % No. % 

 Teaching during Covid-19 pandemic     

1 
I do not take online class at all due to non-availability of 
internet or some other reason 

90 25.9 258 74.1 

2 
During Covid-19 pandemic, classes are taken through 
online mode only 

243 69.8 105 30.2 
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3 
I use Learning Management System (Google classroom, 
Moodle, Teachmint etc.) for online class 

179 51.4 169 48.6 

4 I use Google Meet for taking online class 120 34.5 228 65.5 
5 I use Zoom for taking online class 109 31.3 239 68.7 
6 I use whatsApp for content delivery 333 95.7 15 4.3 
7 I use facebook for teaching-learning 25 7.2 323 92.8 
8 I shared video materials using Youtube 200 57.5 148 42.5 
9 I give home-works through emails and WhatsApp 329 94.5 19 5.5 

10 
I use online classes to teach according to school time table 
(regularly) 

244 70.1 104 29.9 

11 I enjoy using ICT for teaching Mathematics 227 65.2 121 34.8 

12 
Teaching of mathematics through online mode is more 
preferable than classroom 

27 7.8 321 92.2 

13 
Teaching Mathematics using ICT should be continue to 
supplement normal classroom teaching even after Covid-
19 pandemic 

228 65.5 120 34.5 

14 
Covid-19 pandemic is the barrier for mathematics 
education 

280 80.5 68 19.5 

 
5.1 The following were the findings: 
 
- It was found that still 25.9% of the sample 

teachers could not carry on online teaching due 
to connectivity and other issues. 

- A majority of 69.8% could take online classes 
but still the remaining 30.2 % had to resort to 
other means. 

- It was revealed that slightly more than half of the 
teachers, 51,4% of the sample teachers could 
make use of online apps like teachmint, google 
classrooms and moodle. 

- A minority of the teachers, 34.5% of them used 
Google Meet to teach, which is a free Internet 
Application available with good connectivity. It 
may also be bought and the bought variety 
carries some packages along with it. 

- A slightly lower 31.3% of the teachers used 
Zoom application to teach mathematics. Zoom is 
another application available in both bought and 
free varieties. The free application is much more 
common when compared with the bought 
version. 

- A solid majority of 95.7% of the teachers use 
WhatsApp, a free online service, to teach. 

- A small 7.2% of the teachers use the Facebook 
Platform to teach. 

- A good 57.5% of the teachers shared teaching 
videos through You tube. 

- Another resounding majority of 94.5% the 
teachers gave homework through emails and 
WhatApp. 

- A good but certainly not cent percent, 70.1% of 
the teachers could carry on teaching through the 
online mode on a regular basis. 

- A fairly good 65.2% of them enjoyed using ICT 
to teach during the pandemic but 

- Only 7.8% of them preferred online teaching to 
offline mode. 

 

- A small majority of 65.5% of the teachers 
wanted to supplement offline teaching with 
online mode even when the pandemic is over and 
online mode will no longer be a necessity. 

- A large 80.5% of the teachers were of the 
opinion that COVID-19 is a huge barrier to the 
teaching of mathematics. 

 
5.2 Discussion 
 
While it was perfectly acceptable and even accepted 
that majority of the teachers could make use of 
various online Apps to teach mathematics, it was 
worrisome to find 25.9% still could not make use of 
the online mode of teaching due to connectivity 
issues. Although 70.1% of the teachers were of the 
opinion that they could continue classes regularly, a 
larger 80.5% of them still felt that COVID-19 
pandemic was a huge barrier to the teaching of 
mathematics, clearly indicating that although they 
could manage online classes they still preferred 
offline classes. It was not surprising that only 7.8% of 
them were of the opinion that online mode was better 
than offline mode. Although 94.5% of them gave 
home works in the online mode, only 65.2% of them 
enjoyed using ICT to teach, strongly supporting the 
fact that knowledge does not necessarily mean 
enjoyment. A small majority of 65.5% were indeed of 
the opinion that online teaching should be used as a 
supplement to offline teaching even when the 
pandemic is over but clearly many persons in this 
group belong to the ones who were of the opinion that 
COVID-19 is a barrier to the teaching of maths. All 
of these responses clearly point to the fact that 
majority of the teachers, even though they could carry 
on online teaching, still preferred the traditional 
classroom teaching and did not consider online mode 
of teaching as worthwhile if the situation did not 
demand it. 
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VI. FINDINGS REGARDING TEACHERS’ OPINION OF STUDENTS LEARNING THROUGH ICT 
DURING COVID-19 PANDEMIC 
 
The third dimension in the present study covered students who are the most important judge in order to find out 
the effectiveness of ICT in the teaching of mathematics.  
 
Sl No  YES NO 

No. % No. % 
 Students ability to use ICT     
1 All my students can access to internet facility 154 44.3 194 55.7 
2 All students have at least one mobile phone at home for 

attending online classes 
226 64.9 122 35.1 

3 All students know how to use emails, WhatsApp and 
online classes 

251 72.1 97 27.9 

4 All students attend online classes regularly 140 40.2 208 59.8 
5 No student has a problem with online classes 93 26.7 255 73.3 
6 Students’ achievements have gone up after online teaching 

(looking at term exams) 
137 39.4 211 60.6 

7 Students feel it difficult to understand by teaching 
mathematics through the internet 

298 85.6 50 14.4 

8 Students prefer online classes to offline classes 107 30.7 241 69.3 
9 There is no difference in the achievement of students 

before and after online teaching 
59 17 289 83 

10 Students enjoy ICT enhanced teaching aids even in offline 
classes 

239 68.7 109 31.3 

 
6.1 The following were the findings: 
- A slight minority of 44.3 % of the teacher felt 

that all their students could access the internet, a 
larger section believed the opposite. 

- Teachers revealed that 35.1% of their students 
could not access online teaching due to 
unavailability of at least one mobile phone at 
home. 

- A large 72.1% of them were of the opinion that 
students knew how to use emails, WhatsApp and 
online classes. 

- Only 40.2 % revealed that students attended the 
online classes regularly. 

- A small 26.7% of them thought students did not 
have a problem with online classes. 

- Looking at term examination results, only 39.4% 
of the teachers were of the idea that students 
achieved better with online teaching. 

- A large 85.6% of them could opine that students 
did not respond well to information given 
through the internet. 

- Surprisingly enough, 30.7% of the teachers still 
believed that students preferred online teaching 
to offline teaching. 

- Nearly half of the teachers, i.e., 40.2% of them 
believed that students’ achievement improved 
after online classes. 

- Huge majority of the teachers at 83 % indicated 
that online and offline teaching modes did not 
have much of a difference on students’ 
performance. 

- Yet, 68.7% of the teachers indicated that students 
enjoyed teaching through ICT. 

 

6.2 Discussion 
ICT has an importance only because of its role in the 
target group. In the present situation, there was 
enough evidence to clearly suggest that although ICT 
was enjoyed by students, as perceived by teachers, as 
a mode of teaching it was not a good choice as a 
probable choice to replace classroom teaching n the 
offline mode. Teachers themselves felt that less than 
half of the students had good internet facility. There 
were still 35.1% of students who did not have at least 
one mobile phone at home. This meant that these 
students had to either blindly study on their own or go 
to their friends who had mobile and internet when 
classes were carried out. It did not take deep thinking 
to deduce that this was the situation in most rural 
areas where parents are at lower economic level and 
internet connectivity is weak. It was of 30.7% of the 
teachers’ opinion that students preferred online to 
offline classes. But the larger 69.3% of the students 
were clearly not in favour. Keeping in mind that 
nearly 35.1% of them did not have a mobile phone at 
home, it was natural for these group of students to 
prefer offline teaching to online teaching. Since 
online classes were necessitated by the pandemic, it 
was inevitable, but it was clear that 73.3% of the 
students, even among the ones who had good 
connectivity had a problem with online classes. The 
students’ achievement, looking at their examination 
marks, however, did not indicate any downward or 
upward change because of online classes. It was 
surprising, looking at their opinion in other questions, 
that 39.4% of them felt that students’ achievement 
improved after online classes. And students also 
enjoyed ICT enhanced classes according to their own 
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teachers. The only thing was that they did not want it 
to replace offline teaching. In fact, 85.6% of the 
mathematics teachers could see that their students did 
not understand mathematics through the internet. This 
could be due to poor connectivity or even the lack of 
personal touch in education through the internet. 
 
VII. CONCLUSION 
 
It was a rewarding endeavour to undertake a study 
that could reveal the situation of Mizoram when it 
came to the effectiveness of online mathematics 
teaching and learning through ICT. It was clear that 
technology development in the state was not at par 
with the needs of the situation. Moreover, disparity 
was seen among rural and urban schools when it 
came to the availability of facilities. However, it was 
clearly seen that even in an amenable situation, 
teachers themselves were not wholly convinced about 
the use of ICT to teach, although a small percentage 
of them felt that students fared better after online 
teaching was initiated. Teachers had varying opinions 
regarding their own compatibility with ICT. Some of 
them could even make their own e-content while 
others did not even own their own computer, clearly 
indicating that ICT training has not reached 100% of 
the teachers. It was felt that teachers themselves 
understood rather little about the many applications 
of ICT. Since this was the situation, it would be good 
if all teachers, regardless of their localities were given 
training in ICT along with proper incentives to induce 
teachers to undergo training. Since ICT is going to 
gain importance each day, it is important that students 
will not face too disoriented when they come to the 

world of work. Students should be made ready to 
compete with the rest of the world and bring up the 
state and our nation to a situation where there will be 
a constant flow between technology and education as 
visualised by the National Education Policy 2020 
itself. 
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Abstract -  
Cities, large and small, generate sizable amounts of solid waste. Solutions to this ravaging environmental problem abound and 
range from dumping sites and landfills to sophisticate recycling and treatment schemes. Combinations of several alternatives: 
recycling, waste reduction, waste separation, Incineration, land filling with lixiviate treating and gas energy recovery, and 
organic waste composting are considered and modeled and the results presented as a contribution for a more rational approach 
to policy making than the one currently being employed. Anaerobic digestion is most convincing alternative to disposal of 
waste, due to high energy recovery. The main purpose of research is to design, analyze and justify that, anaerobic digestion is 
the degradation and destruction of organic substances, with consequent reduction of the odorous emissions and pathogens. It 
mainly involve a large of bacteria that operate in synergy, catalyzing different chemical reactions, hence the metabolic 
pathways involved in the anaerobic degradation are quite complex. However there is high demand on alternative fuel in house 
hold not to mention the threat on the environmental ecosystem for clean and reduced greenhouse gas emission. To overcome 
this deficiency, the bio gas is to bring an effective mode to minimize the usage of energy. The bio gas generation can provide us 
energy recovery and sustainable sanitation forever. Hence this work is concentrated towards anaerobic co-digestion of animal 
waste, organic waste and slurry. 
 
Keywords - Biodigester, Domestic Waste Management, Biogas. 

 
OBJECTIVES: 
Design of a sizeable wastewater biodigester to be used in 
rural and urban households with consideration of economic 
and ergonomic factors with maximum efficiency in 
production of methane gas through domestic waste. 
 
I. INTRODUCTION 
 
A paradigm shift needs to occur wherein solid waste 
and waste water will be recognized as resources 
instead of waste. Recovery-based closed-loop systems 
that promote the conservation of water and nutrient 
resources while addressing multiple environmental 
issues must be supported. An ecological technology 
such as biogas digester used for wastewater and solid 
waste treatment can be perceived as an ideal solution 
to the menace of environmental pollution. 
The proposed system collects and stores the rainwater 
to feed the toilet. Rainwater harvesting allows 
households to rely on second source of water supply 
(groundwater being this principal source of water). 
The waste from the toilet travels to the biogas digester 
where other organic waste such as cattle manure and 
crop are added and also decomposed by anaerobic 
bacteria. The collection of Waste water solves 
improper wastewater management issues such as 
degenerative affect on both public and ecosystem 
health and groundwater contamination. High ambient 
temperature and humidity and slightly alkaline water 
are ideal for the process. Two very useful product 
results from the anaerobic digestion the first of which 
is biogas a gas of high methane content (over 60%) can 
be used as fuel.The other product is the leftovers from 
the non volatile organic and inorganic components of 

the feed this product at as an excellent fertilizer. 
Small‐scale anaerobic digesters, or biodigesters, can 
potentially play animportant role in reducing 
greenhouse gas emissions and human 
andenvironmental health risks while also improving 
economic conditions. The reduction of these 
emissions is then a positiveexternality of biodigesters 
realized by the global community (Dong, 2006; 
UNFCCC,2009). 
 
PRINCIPLES OF OPERATION AND 
FUNTIONALITY 
A small-scale biogas reactor or anaerobic digester is an 
anaerobic treatment technology that produces; 
(a) A digested slurry (digestate) that can be used as a 
fertilizer and  
(b) biogas that can be used for energy. Biogas is a mix 
of methane, carbon dioxide and other trace gases 
which can be converted to heat, electricity or light. 
Small-scale biogas reactors are typically designed to 
produce biogas at the household or community level in 
rural areas. The airtight reactors are filled with animal 
manure from the farm. Kitchen and garden wastes can 
also be added and toilets can directly be linked to the 
reactor for co-treatment of excreta. 
Biodigesters work with a digestive process called 
anaerobic digestion. The process entails waste moving 
in three chambers where the input is waste, processed 
using gas and bacteria, and the output is inflammable 
biogas. The biodigesters have three anaerobic 
chambers: the grease interceptor, a biological digester, 
and a soak pit. These three segments treat the waste 
differently and effectively so they don't need any 
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cleaning or emptying. Its systematic arrangement 
follows a step-by-step process where the waste finally 
separates into grey and black waters. 
To start off, the waste will get into the first chamber, 
where all the outlets from the household gather to 
dispose of waste. The solid waste (along with liquid 
sewage) will combine in one place and, after some 
time, the solid matter will settle at the bottom of the 
tank. Because of how the biodigester is designed, the 
lack of air, as well as pre-residing bacteria, will begin 
to eat away at the waste—which is referred to as 
anaerobic digestion.The bacteria will decompose the 
organic water as well as all other pathogens in the 
wastewater. Once the chamber arrives at its capacity, 
the water will then overflow to the second chamber, 
where the liquid matter will be treated. 
All the solid waste, also known as sludge, will be 
decomposed and treated from the first chamber. As the 
waste continues to fill up from the household, the 
water will eventually reach the brink and overflow to 
the second chamber. 
The Cleaning Section: Sedimentation process begins 
in this chamber after overflow. Here's where smaller 
solid particles will continue to drop to the bottom of 
the tank, allowing the water to clean itself off the 
waste and sludge. 
Again, once it has overflown again, it will move to the 
third chamber. By now, the water is much cleaner than 
when it was in the first chamber. By the time it exits 
the biodigester, the cleansing process will have ended 
and the water can now be distributed for irrigation and 
other purposes. 
Since the process of biodigestion occurs due to 
bacteria, the water from the process can only be used 
for agricultural purposes. This includes farming, 
irrigation, and gardening. The water may be 98% clear, 
but it's not yet safe for human consumption. If you'd 
like to consume the water, it is recommended that you 
boil the water to get rid of bacteria and harmful 
pathogens. 
 
CHEMICAL ANALYSIS OF PROCEDURE 
Anaerobic digestion involves a very complex set of 
biochemical and physicochemical reactions. 
Anaerobic digestion is the multi-step biological 
process during which organic material is converted to 
biogas and digests in the absence of oxygen (David P. 
Chynoweth, May 2001) anaerobic biodegradation of 
organic material proceeds in the absence of oxygen 
and the presence of anaerobic microorganisms. 
Anaerobic digestion is the consequence of a series of 
metabolic interactions among various groups of 
microorganisms. 
 
STAGES OF ANAEROBIC DIGESTIONS: 
Hydrolysis/liquefaction , Acidogenesis, Acetogenesis 
and Methanogenesis. 
 
Hydrolysis:  
The Hydrolysis/Liquefaction reactions are; 

Lipids → Fatty Acids 
Polysaccharides → Monosaccharides 
Protein → Amino Acids 
Nucleic Acids → Purines & Pyrimidines. 
 
Acidogenesis: 
C6H12O6 + 2H2 O → 2CH3COOH + 2CO2 + 4H2  

….Eqn. (1) 
C6H12O6 → 2CH3CH2OH + 2CO2  

…………………..Eqn. (2) 
C6H12O6 + 2H2 → 2CH3CH2COOH + 2H2O  

………Eqn. (3) 
 
Acetogenesis: 
C6H12O6 → 2C2H5OH + 2CO2  

…………………….Eqn. (4) 
 
Methanogenesis: 
Hydrogenotrophic Methanogenesis. Hydrogen and 
carbondioxide are converted into methane and water 
(K. M. Kangle April 2006) according to the following 
reaction: 
CO2 + 4H2 → CH4 + 2H2O  

…………………………Eqn. (5) 
Acetotrophic or aceticlastic Methanogenesis. Methane 
is formed from the conversion of acetate through the 
following reaction: 
CH3COOH → CH4 + CO2  

………………...................Eqn. (6) 
 

 
Fig. 1 Schematic of biogas reaction 

 
Fig.2 The anaerobic digestion pathway from organic waste to 

methane, showing the multiple conversion processes.COD 
stands for Chemical Oxygen Demand, a common measure for 

the organic material in a complex waste. 
(Malina and Pohland, 1992). 
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TERMS USED IN THE BIODIGESTING PROCESS 
i. Blackwater: This contains solid waste from the 

toilets and grey waste that's collected from the 
kitchen, hand washbasins, and laundry. 

ii. Greywater: This is a combination of fats, oils, 
greases, waxes, and detergents, which makes it 
chemically unstable and, therefore, not fit for the 
biodigester. 

Because the greywater can be hazardous to include in 
the biodigester, the blackwater is what is taken to 
decompose to produce water and gases for use around 
the home. After the toilet has been flushed, the 
blackwater will drop to the tank through a piping 
system and into the first chamber as elaborated 
above.After the chemicals, fats, and other harmful 
substances have been sieved from waste, it then goes 
directly to the soak pit, which is the last chamber of the 
biodigester. The digester will release the water to sink 
through the stones and into the ground for irrigation 
and other gases. 
 
BIODIGESTER TECHNOLOGY 
Human waste disposal in innocuous forms has become 
a pandemic. It's causing various problems, including 
aesthetic nuisance, the threat of organic pollution, and 
several infectious diseases caused by contaminated 
water and the environment. Like many other countries, 
people without proper homes tend to pollute the 
environment, which is very risky. 
Luckily with biodigester technology, many people can 
now change that. With less pollution, gas and water 
have aided homes to live better with access to biogas 
for cooking and other applications. Modern shipping 
container homes are also using these, as they take up 
less space—hence a better solution than the previous 
septic tanks.With the threat untreated waste has 
brought about—like being responsible for several 
diseases, such as: dysentery, diarrhea, amoebiasis, 
viral hepatitis, cholera, and typhoid—this 
biotechnology comes at the best time to save the 
environment. 
 
KEY FEATURES AND COMPARATIVE 
ADVANTAGES 
The popularity of biodigesters has grown because of 
their many benefits. Below are some of the benefits 
they exhibit which have contributed to their rapid 
acceptance. 

1. 1 No pungent smells in toilets from the tanks: 
Previously, you could catch a smell in the loo, 
especially if the tank is full and hasn't been 
emptied. 

2. Fecal matter in the tank is not visible: The tanks 
feature enclosed anaerobic environments. 

3. No infestation of cockroaches and flies: 
Houseflies are accustomed to environments such 
as the sewage tank. Because the biodigester is 
enclosed, no smells can attract these insects. 

4. No clogging of digester: The systematic process 
allows for fast and effective movement and 
treatment of waste. 

5. Reduction in pathogens: By the third chamber, the 
pathogens will have greatly reduced, allowing the 
water to be used in the soil. 

6. Reduction in organic matter: The waste is treated 
to become water and gases that can be recycled. 

7. No maintenance required: Very low maintenance 
compared to septic tanks. 

8. No requirement of adding bacteria or enzymes to 
decompose the waste. 

9. No need for removal of solid waste: Again with 
low cost, you won't need to call out to exhausts. 

 
These salient features allow for them to be a leading 
wastewater treatment plan. 
 
II. METHODOLOGY 
 
To complete overall process of design and fabrication 
of bio digester, it’s mandatory to describe 
methodology to clearly finish it. It’s simple that, to 
start with design, fabrication and finally 
experimentation to determine volume of bio gas 
generation, percentage of Total and volatile solids. 
Biogas yield and volatile solids removal efficiency in 
co digestion of vegetable waste with other organic 
wastes is higher than the anaerobic digestion of 
vegetable waste alone. 
 
Organic waste and slurry combination is found to be 
better since it yields high amount of biogas. (Patil V.S. 
June 2015) 
 
Thus co-digestion appears to be a potential 
economically viable option for the generation of 
renewable source of energy. 

 
Materials and Procedure: 
 

A. Components B. Materials Required C. Tools Required 

digester tank 
Empty PVC cans 30ltrs 

capacity 

Welding tools to weld the pipes and disk into the 

digester tank 

inlet for feeding the kitchen 

waste 

M-seal or any water-proof 

adhesive 
A hack saw blade for cutting the pipes 
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outlet for the digested slurry Gas collection bags A sharp knife for cutting holes on the tank. 

gas collection and storage 

system 
PVC Pipes  

 Valves  

 
Production Process 
*30 ltrs capacity PVC-can will act as the digester unit. 
*PVC pipes will be used for feeding the kitchen waste, 
guide pipe fixed with the digestion chamber and a pipe 
will be used as outlet for the slurry. 
*Here 3 holes are made, a smaller hole for gas delivery 
system, a hole for fixing the slurry outlet pipe and one 
hole for fixing the waste feeding pipe on the right side. 
Make these holes with the help of a sharp knife 
andhack saw blade. 

*Digestion tank is fitted with a central guide pipe and 
an outlet pipe for the slurry. 
*Two holes are cut through diametrically opposite 
side of the cylindrical body in the lower half of the can 
and a flexible pipe is introduced, forming loops inside 
the can and coming out of the other end. 
*Hot water can be made to flow through this loop of 
the pipe for maintaining the desired uniform 
temperature inside the biodigester in all weathers. 

 

 
Fig 3- Methodology of Fabrication Bio Digester. 

 
III. EXPERIMENTATION 
 
Experiment was conducted on the fabricated bio 
digester of capacity 1.2 m3, Effective volume is 0.92 
m3. Initially cow dung in water was fed through the 
inlet until the digester is about 80% filled with slurry, 
and the slurry surface on both inlet and outlet was 
blocked in air sealed condition; so that air can’t able to 
penetrate into the digester. This was to ensure the 
Anaerobic condition in the gas space inside the 
digester. After the first filling, both the inlet and outlet 
were covered and gas valve to the gas holder was 
opened. In the first 25 days, the gas holder expanded 
with produced gas. The first 25 days was the transient 
phase of the biogas production and it acted as a batch 
reactor. At the end of 25 days, the content of the gas 
holder was released as it did not burn due to the 
predominationof carbon dioxide (Jyothilakshmi.R, 
August 2013). 
 
IV. CONCLUSION 
 
At last, completion of effective bio digester; 
considered as alternate source towards the generation 
of renewable energy termed as bio gas. Bio digester 
plays a significant role in waste management in rural 
as well as urban regions.  

Hence this bio digester is helpful in two ways; organic 
waste, slurry management and generation of clean, 
economic form of renewable energy. This bio digester 
is being used for manyyears, but development is 
digester design is modernized with specific and 
legitimate calculations. It can be encouraged by the 
intervention of the government through subsidy on 
development in biogas energy and creating awareness 
among the people to sustain energy for future 
generations too. 
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Abstract -  
Traffic congestion simply means the increase in the volume of the actual traffic in a route of a road beyond the engineering 
design capacity. It is a phenomenon that emerged, especially in Misurata city, as a growing city in terms of population and 
vehicles, as well as in the land usages. There are some standards to be used in measuring the volume of congestion. The most 
common one is the six-letter A-F levels as defined in the US Highway Capacity Manual (HCM), where each level expresses 
a specific traffic case of the road using specific quantity such as flow, density, and volume of traffic to road capacity. This 
research gives a summary on the scientific concept of traffic congestion and the relationships that prevail over the traffic 
characteristics such as traffic flow, density, rush-hour factor, inter-space, inter-time, and traffic volume. Furthermore, the 
research reviews a study related to the traffic crowdedness from the actual traffic in Misurata city. The research gives a 
presentation on the measures to be taken in addressing traffic congestion. It concluded that the relationship between the 
traffic saturation and the variables are sometimes negative and positive in other times. Therefore, this shows that the traffic 
situation is not stable and at the same time not steady. In addition, there is a positive relationship in the area, subject matter 
of this study, between the saturation and the characteristics of the traffic attributes to the defect in the distribution within area 
CBD (the administrative and service centers within the city) during the day times. 
 
Keywords - Traffic Flow, Traffic Density, Capacity. 

 
I. TRAFFIC SATURATION AND TRAFFIC 
DENSITY 
 
When the actual volume of traffic increases in a route 
over its capacity, this will lead to what is known as 
congestion. Thus, this situation is common inside big 
cities. Identifying the sizes of traffic in different sites 
of the road network is crucial for traffic planning and 
operation. That is to say each road should have a 
specific capacity, accordingly, so it can take a 
specific amount of traffic. When the road reaches its 
full capacity, this will result to what is known as 
"bottleneck" or traffic congestion. If this situation 
occurred frequently, it is so important to proffer a 
solution. In fact it is not possible to reach a practical 
effective solution by knowing the actual traffic 
volume in the very area of the congestion and the 
design capacity of the road. (1) 
 
II. TRAFFIC IN MISURATA CITY 
 
In general, the common models of planning the road 
networks within Misurata city can be confined to five 
models: mesh model, cluster model, branch model, 
ring model, and linear model. A model, or more than 
one, can be used in planning the road network within 
the framework of setting the structural plan of the 
urban area. Traffic within Misurata city has been built 
in accordance with the ring model by building ring, or 
several rings, road to link the center of the city which 
serves as business, trade, and services center. 
However, the ring road could operate externally to 
lead inner streets for service or internally where the 
local roads lead towards outside the city. 
 

Some of the ring model advantages are: 
 
1. Easy to link the city parts no matter how far they 

are. 
2. Suitable for residential usages. 
3. The center of the city is clear due to the network 

of roads. 
 
Consequently, this model suffers from some 
disadvantages as follows: 
 
1. Inappropriate for the sloping areas or area with 

special nature. 
2. Less flexible as it allows only one center within 

the city and it develops around it a form of ring 
or circles. It suits only the type of cities that have 
important center that is noticeably linked to all 
parts of the city. 

3. Creates traffic crowdedness due to the traffic 
flow from/to the center of the city. 

 

 
 

Figure 1. Ring Plan of Misurata City 
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III. THE PROBLEM OF THE RESEARCH 
 
Most of the time, it is difficult to solve the problems 
of the crowdedness in existing roads. There are 
systematic and scientific solutions to be considered in 
addressing such a problem. These solutions vary from 
several aspects as some are related to the cost, while 
others are related with the type of technology applied 
in solving the specific problem. 
 
The problem in connection to the existing roads lies 
in the following: 
1. The occurrence of traffic congestions that cause 

deterioration of the standards of service on the 
road network such as : 
 Delays in times of trips and goods. 
 The fatigue, distress, and stress the road-

users undergo. 
 Increase of operation costs of all means of 

transport of passengers/goods. 
 The movement of the pedestrians towards 

the road or during an intersection movement. 
 Hindrance of emergency services such as 

ambulance vehicles and civil defense.  
 
These problems do not necessarily prevent working 
out strategies to reduce the traffic crowdedness and 
its impacts. The solutions are aimed at the already 
existing roads by taking into consideration the cost 
factor because re-building the road is an unfavorable 
solution. In other words, these solutions are merely 
improvements to be applied on the existing road for 
purpose of reducing the crowdedness.(2&3) 
 
IV. WORK PROCEDURES  
 
In this section, we will illustrate the method of work 
to be applied to the project. This research studied the 
volume of traffic according to the site or the area and 
calculated each flow rate, rush-hour coefficient, 
traffic density, road capacity, and the level of 
services. All these are shown in the figures below. 

 
Figure 2. The Structural Plan of the Work Progress in the 

Project 

Collecting Data and Evaluating the Area of Study 
 
1. Defining the Area and Diving the Sectors  
A sector from Asswehli R. street was selected to 
conduct the required study. The sector begins from 
Al-Alam roundabout through the intersection of the 
1st ringroad, 2nd ringroad, 3rd ringroad, then the 
intersection of the Misurata Central Hospital, and 4th 
ringroad. It then continues through the airport road 
traffic light and ends at Al-Zabatti roundabout. It 
extends to about 7.5km and it is divided into 5 
sections. The first section begins from Flag 
roundabout up to the traffic light at the 2nd ringroad 
with 0.80 km long. The second section begins from 
the traffic light in the ringroad up to traffic light at 
Misurata Central Hospital (MCH) with 1.5 km long. 
The third section begins from MCH's traffic light to 
the entrance of Al-Balb'la village, and then extends to 
about 0.90 km. The fourth section begins from the 
entrance of Al-Balb'la village to the traffic light at the 
airport road with 2.0 km long. The fifth section 
begins from airport road's traffic light up to Al-
Zabatti roundabout and then extends to about 2.3 km. 
 
V. TRAFFIC ANALYSIS AND FLOW 
CALCULATION 
 
We analyzed the traffic and calculated the flow for all 
five sections. The data analysis includes:  
 
The Daily Average of Traffic Volume during AADT, 
Traffic Volume during Rush-Hour (RHV), Flow Rate 
(Q), Rush-Hour Factor (RHF), Density (K), Inter-
Time, and Inter-Distance Occupancy Ratio. All data 
were calculated for each direction and placed in a 
table per section.(4 &5). 
 
The Model of First Section 

 

  
Direction form 

city center to first 
ring  

Direction form 
first ring to city 

center  

AADT 6434 Veh/Day 5640Veh/Day 

PHV 965 Veh/Hr 846 V/Hr 

Flow Rate  1044 Veh/Hr 916 Veh/Hr 

PHF 0.92  0.92  

Density(K) 97Veh/Km 84 Veh/Km 

h 3.45 Sec/Veh 3.93 Sec/Veh 

s 10.31M/Veh 11.9M/Veh 

v 0.54  0.47  
 

Table 1. The data of first ring 
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Figure-3. The relationship between traffic density and flow in 
first ring 

 
The Relationship between the Occupancy and 
Sections 
The curve in Figure 3 shows the relationship between 
the ratio of the occupancy and the sections. It is 
noticed that the occupancy of road in the direction 
towards Al-Zabatti roundabout has the higher value 
in the second section, while the smaller value 
occurred in the first section. In the direction towards 
Al-Alam roundabout, the value of the occupancy ratio 
was bigger in the fourth section and smaller in the 
first one. 
 
The reason the fourth section has a higher ration of 
occupancy is due to the fact that it holds a higher 
traffic volume. In other words, the more traffic it has 
the more occupancy. 
 
The Relationship between Rush-Hour Factor and 
Sections  
The data showed that the higher rush hour occurred in 
the first section in the direction towards Al-Alam 
roundabout, while the lower one was in the same 
direction at the fifth section. In the other direction, 
the higher rush hour was in the fourth section and the 
lower one in the first section. 
 
Correlation Coefficient (R²) 
 
Table No. (2) and Table No. (3) show the correlation 
coefficient for the variables: 
 

  Y X1 X2 X3 X4 

AADT)Y(  1  0.99  0.99  0.66   -0.7  

(X1) PHV 0.99 1  0.99  0.67   -0.68  

Q )X2(  0.99  0.99  1  0.69  0.71  

K )X3(  0.66  0.67  0.69  1   -0.55  

h)X4(  -0.7   -0.68   -0.71   -0.55  1  

 
Table (2) shows the correlation coefficient of the variables for 

the direction to city center  

  Y X1 X2 X3 X4 

AADT)Y( 1  1  0.99  0.47  0.30  

(X1) PHV 1 1  0.99  0.47  0.30  

Q )X2(  0.99  0.99  1  0.46  0.32  

K )X3(  0.47  0.47  0.46  1   -0.60  

h)X4(  0.30  0.30  0.32   -0.60  1  

 
Table (3) shows the correlation coefficient of the variables for 

the direction out of city center  
 
The value of rush-hour factor ranges between 0.80-
0.98. These values denote that there is an 
approximate stability in the traffic volume during jam 
hour. The rush-hour factor depends in its calculation 
on the rate of traffic flow and volume. Thus, 
whenever the traffic volume is closer to the higher 
rate of flow, the factor value increases as noticed in 
first and fourth sections.  
 
The equation expressing this in one variable is as 
follows: 
 

Y = a+a1*X1 

 
The equation in three variables is as follows: 
 

Y= a+a1*X1+a2*X2+a3*X3 
 
We noticed clearly that the relationship between 
traffic saturation and the variables is negative 
sometime and positive some other times. Hence, this 
denotes that the situation in traffic is not stable and 
the relationship is not positive. According to the 
specification of traffic, in perfect conditions, the 
relationship should be positive. The relationship 
sometimes is not positive, in the area of the study, 
between traffic saturation and the features attributes 
to the defect in the distribution within the area CBD 
(the important administrative and service centers in 
the city) during the day times. 
 
VI. CONCLUSION 
 
From the study, we conclude that: 
1. When taking the direction towards Al-Alam 

roundabout, the level of service was good in the 
section (first, third, and fifth). The service in the 
second section was not good (i.e., stable flow, 
low speed and more delays) and in the fourth 
section, the service was bad ( i.e., instable flow, 
more congested points, and slow speeds). 

2. For the direction towards Al-Zabatti roundabout, 
the service in the first section was good (with 
stable flow and high speed), while in the second 
and third sections, the service was very bad (with 
disturbed flow, complete crippling of the traffic, 
and zero speed). In fourth and fifth section, the 
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service was satisfactory (with flow based on 
instability and relatively high speeds). 

3. When taking the direction towards Al-Alam 
roundabout, the rush-hour factor shows that there 
is a steadiness in the traffic volume in the second 
and third sections compared to the first and 
fourth sections. In the fifth section, it is obvious 
that there is a great change in the traffic volume 
during rush hour. 

4. Towards Al-Zabatti roundabout, the rush-hour 
factor denotes that there is stability in the traffic 
volume in the first, second, and third sections. In 
the fourth and fifth sections, it was noticed that 
there is a great change in the traffic volume 
during rush hour. 

5. If the traffic volume was high and the road is 
short, the density will be high. If the road is long 
with high traffic volume, the traffic density will 
be less. 

6. It was observed that the service in 60% of the 
sections was good. 
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Abstract - The electric energy demand for HVAC systems in the buildings sector accounts for nearly half of the electricity 
demand of this sector worldwide. Accordingly, liquid desiccant air conditioning systems have been studied extensively 
during the last two decades due to their positive effect in saving energy. In this study, a new internally cooled/heated liquid-
to-air membrane energy exchanger (LAMEE) is proposed to be used in Heat-Pump Liquid Desiccant(HPLD) systems. The 
new exchanger utilizes the thermal energy of evaporating/condensing refrigerant to control LD temperature inside the 
solution channels at desired points. The new module is numerically simulated using the aid of CFD software and the 
mathematical model is extended to simulate the whole HPLD system. Accordingly, the performance of new LAMEE is not 
analyzed as a standalone module, but it is analyzed in a fully coupled system. The proposed module and system attain better 
indoor air quality with higher energy efficiency. At design operating conditions of summer in Sharm El Sheikh City in 
Egypt, outstanding dehumidification capability is achieved with system coefficient of performance (COPsystem) as high as 
6.38 and HP energy efficiency ratio (EER) as high as 14.88. Where fresh air at (30°C, 19 g/kg) is cooled and dehumidified to 
(20.18°C, 6.52 g/kg). Moreover, much higher dehumidification capacities are reachable by varying the key operating 
parameters at the expense of COPsystem. 
 
Keywords - Cooling and Dehumidification, Heat Pump, Liquid Desiccant, New LAMEE, System Scale Analysis. 

 

Nomenclature 

𝐷  diffusivity to the solution 𝑚 /𝑠  
I identity matrix 
𝐾 turbulent kinetic energy (J/kg) 

𝑘 
conduction heat transfer coefficient 𝑊/
𝑚 𝐾  

𝑚∙ mass flow rate (kg/s) 
𝑄 heat 𝑊  
𝑇 temperature 𝐾  
𝑢 fluid velocity (m/s) 

𝑋  
solution mass fraction 𝑘𝑔 /kg  
 

Greek symbols 

𝑓 fluid (Air or Solution) 
𝜇 dynamic viscosity 𝑃𝑎 ∙ 𝑠  
𝜇  turbulent viscosity 𝑃𝑎 ∙ 𝑠  
𝜌 density 𝐾𝑔/𝑚  
𝜔 air humidity ratio 𝑘𝑔 /kg   
 
I. INTRODUCTION 

 
Liquid desiccant (LD) air dehumidification 

systems have been studied extensively by many 
HVAC researchers during the last two decades due to 
some serious concerns. The persistent demand 
increase of electric energy from buildings sector, both 
residential and commercial, is one of those concerns. 
Since buildings represent about 20% to 40% of the 
total electric energy consumption in developed 

countries and the HVAC systems account for nearly 
half of this sector demand [1]. In conventional vapor 
compression (VC) air conditioning systems air is 
dehumidified as moisture condense on cooling coils 
by deep cooling to dew point temperature. Cooled 
and dehumidified air is then reheated to desired 
temperature. Thanks to decoupling of latent and 
sensible heat removal in hybrid LD air conditioning 
systems, up to 35% reduction in energy consumption 
could be achieved when LD systems replace 
conventional VC systems in removing latent heat [2].  
However, carryover problem in LD systems is a key 
concern on Indoor Air Quality (IAQ)and indoor 
devices corrosion. In 2010 Mahmud et al. [3]were 
pioneers in using Liquid-to-Air Membrane Energy 
Exchanger (LAMEE) in building and experimentally 
testing a run-around LD system for HVAC 
applications. Using LAMEE, as an indirect contact 
heat-and-mass exchanger, eliminates carryover 
deficiency and further improves IAQ. Where the 
hydrophobic membranes prevent supply air from 
carrying LD droplets into conditioned space. Since 
then, many literatures have focused on introducing 
advanced types of LAMEEs and analyze its 
efficiency in LD air dehumidification systems. 

 
State-of-art “internally cooled/heated” LAMEEs 

have emerged to control the LD temperature along 
the exchanger. Because in conventional “Adiabatic” 
LAMEEs, LD stream undergoes a quick and 
continuous change in temperature. Due to the 
exothermic/endothermic process of moisture 
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condensation/evaporation on LD surface. 
Correspondingly the LD water vapor pressure 
changes resulting in a significant drop of mass 
transfer driving force along the flow. Abdel-Salam et 
al.[4] designed and experimentally tested a novel 3-
fluid counter-cross flow LAMEE. Air and solution 
channels are separated by parallel flat membranes. 
Titanium tubes, containing water as a third fluid, are 
placed inside the solution channels parallel to the LD 
flow. Test results showed an increase in sensible, 
latent and total effectiveness by 39%, 20% and 25% 
in case of dehumidification, and by 38%, 40% and 
39% in case of regeneration [5] respectively 
compared to conventional LAMEE at same design 
and operating conditions. Different from using 
installed tubes for the third fluid, Yang et al.[6] 
proposed a 3-fluid LAMEE consists of adjacent 
water, LD and air parallel channels where air and LD 
are separated by membrane sheets while water and 
LD are separated by plastic plates. An increase of 7% 
in latent efficiency during dehumidification was 
reported compared to conventional LAMEE. Huang 
et al.[7] designed and experimentally tested a 4-fluid 
LAMEE to be used as a dehumidifier. Process air and 
LD streams are separated by membrane sheets. LD 
channels are cooled through adjacent cooling 
channels formed of parallel plastic plates. Inside the 
cooling channels, water films flow on its surfaces 
while a sweep air stream cools the water films by 
evaporative cooling. In contrast to previous literatures 
that used preheated/precooled water as a third fluid, 
only Isettiet al.[8] directly used thermal energy of a 
condensing/evaporating refrigerant to heat/cool the 
LD in an innovated 3-fluid membrane contactor. LD 
flows across a bundle of membrane capillaries that 
contain process air stream while LD exchange heat 
with the refrigerant through a separating aluminum 
vertical flat plates. 

 
At system scale, LD air conditioning systems 

vary in the sources of thermal energy used to drive 
the LD cycle in the system. Heat pump driven liquid 
desiccant (HPLD) systems are popular of their 
efficiency in making use of both condensation and 
evaporation energy, especially where there is no 
available low-grade or renewable energy. Also, 
HPLD systems have additional advantages of 
continuous operation, compact size and ease of 
operation and maintenance.  

 
The literatures concerned the HPLD systems 

could be classified according to the type of energy 
exchangers used into Adiabatic & internally 
cooled/heated. The LAMEE have been used as an 
adiabatic exchanger in literatures[9-12]. While in 
literatures[13-15], performance of internally 
cooled/heated HPLD systems using direct contact 
exchangers are investigated. Yamaguchi et al.[13] 
were first to integrate the evaporator and condenser 
with the dehumidifier and regenerator respectively, 

where LD is directly sprayed on 
evaporator/condenser fined coil. Experimentally, they 
conditioned fresh air from (30°𝐶, 14 g/kg) to (22.2°𝐶, 
8.1 g/kg) with 𝐶𝑂𝑃  equals to 2.71. based on 
same concept Liu et al.[14] numerically conditioned 
fresh air from (35°𝐶, 20 g/kg) to (28.8°𝐶, 11 
g/kg)with 5.96𝐶𝑂𝑃 . recently, Liang et al.[15] 
also used direct contact air-solution-refrigerant heat 
exchangers in HPLD systems. Their numerical 
findings showed that mixed air (fresh & return) at 
(27.1°𝐶, 11.8 g/kg) is cooled and dehumidified to 
(18.4°𝐶, 10.3 g/kg) with 𝐶𝑂𝑃  equals to 4.13. 
As noticed on system scale researches, few 
researchers used adiabatic LAMEEs in HPLD air 
dehumidification systems. While, as far as reviewed, 
there is lack of study in using internally cooled/heated 
LAMEEs. Where all the internally cooled/heated 
exchangers used are of direct contact type. 

 
In this study, a novel internally cooled/heated 

LAMEE is proposed. The new module utilizes 
evaporation and condensation energy of HP circuit to 
drive LD loop in HPLD air dehumidification system. 
The conceptual design is numerically modeled with 
aid of a CFD platform (COMSOL Multiphysics). 
Where conjugate heat and mass transfer “real” 
boundary conditions are simulated. The mathematical 
model is presented and the model results are 
successfully validated.Performance analyses are 
made on system scale by simulating a complete 
HPLD system.  
 
II. PROPOSED MODULE AND SYSTEM 
DESCRIPTION 
 
A. Design of the new LAMEE 

Fig. 1(a) shows the proposed Embedded-
refrigerant-coil liquid-to-air membrane energy 
exchanger (ERC-LAMEE). The ERC-LAMEE 
resembles a parallel flat-plate LAMEE. Several 
parallel flat membrane sheets form consecutive LD 
and air channels. The variation is that in the ERC-
LAMEE, a refrigerant copper coil is embedded in 
each LD channel. As shown in cross-section Fig. 
1(b), Air flows in a counter direction to the LD flow, 
while LD flows over the crossing refrigerant coil. 
Heat and moisture transfer take place between the 
neighboring air and LD streams through the 
separating reinforced semi-permeable membrane 
sheet. At the same time, sensible heat transfer takes 
place between the flowing LD and the coil surface. 
Thanks to phase change process of the inside 
refrigerant, the coil serves as a thermal source inside 
the ERC-LAMEE. As a result, the temperature of the 
LD is accurately controlled at the desired point along 
the exchanger. Depending on the status of the 
refrigerant inside the coil, whether it is evaporating or 
condensing, the ERC-LAMEE could be utilized as an 
internally cooled dehumidifier (ICD) or an internally 
heated regenerator (IHR) respectively.  
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       (a)                                                                  (b) 

Fig. 1.Conceptual design of ERC-LAMEE (a), Cross-section of 
the ERC-LAMEE (b). 

 
B. HPLD air dehumidification System 

Fig. 2 shows a schematic of the proposed HPLD air 
dehumidification system.  The system consists of 
three main components; the ERC-LAMEEs (ICD & 
IHR), the solution-solution heat exchanger and the 
heat pump module (compressor& throttle).  
Regarding the LD cycle, concentrated LD solution is 
pumped into the ICD where it is simultaneously 
cooled by the evaporating refrigerant coil. The LD 
leaves the ICD cold & diluted, as it absorbed 
moisture from the fresh air, which flows in a counter 
flow manner with LD stream. Dehumidified and 
cooled air is then supplied to the conditioned space. 
Then the diluted LD flows into the IHR where it is 
simultaneously heated by the condensing refrigerant 
coil. The LD leaves the IHR warm & concentrated, as 
it is regenerated by the regeneration air. Regeneration 
air is usually the exhausted air stream from the 
conditioned space. Finally, LD is collected into the 
LD reservoir, which is installed for energy storage 
and system adjustment purposes, to be pumped again 
to the ICD. Solution-solution heat exchanger is 
installed between the ICD and the IHR for thermal 
energy recovery. Where cold/warm & 
diluted/concentrated LD is preheated/precooled 
before going into IHR/ICD. For the HP cycle, 
compressor & throttle drive the refrigerant between 
the ICD (as an evaporator) and the IHR (as a 
condenser). 

 

 
Fig. 2. Schematic of HPLD air dehumidification system using 

two ERC-LAMEE. 

III. MATHEMATICAL MODEL 
 
Taking advantage of CFD commercial software 

“COMSOL MULTIPHSICS”, the domains of 
proposed ERC-LAMEE is modeled, where proper 
governing equations of each domain are set and 
boundary conditions are defined. The internal 
boundaries between domains are conjugate (real 
boundary conditions on membrane surfaces are 
calculated). Flows are considered developing hydro-
dynamically, thermally and in concentration. 
Entrance effects are taken into account. 
Thermodynamic properties of air and solution are not 
considered constant along the domain, but vary with 
temperature. In addition, axial heat and mass transfers 
in flow direction are considered in modeling to 
improve accuracy. The following assumptions are 
applied: 
 The study is steady state. 
 Domain is simplified to be two-dimensional as 

the fluids flow in counter directions.    
 Fluids are assumed Newtonian. 
 The system is well insulated; hence, there is no 

heat loss to or heat gain from the surrounding. 
 
A. Governing Equations 

Using the available symmetry, calculation 
domain can be reduced to a half part of the air 
channel, membrane, and half part of LD solution 
channel. The coordinate system of the unit cell is 
shown in  

Fig. 3. 
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Fig. 3. Coordinate system of the unit cell showing one 
membrane and two neighbouring halves of flowing channels. 

The continuity equation for both, air and LD solution 
streams is as follows: 

𝜌 ∇ 𝑢 0. 
(1) 

The conservation of momentum equation for air 
stream is described by Eq. (2), where air stream is 
considered laminar as Reynolds number < 2300. 
While for LD solution stream the flow regime is 
considered turbulent due to the multiple disturbances 
in the solution channel caused by the refrigerant coil. 
Therefore, Reynolds-averaged Navier–Stokes Eq. (3) 
describes conservation of momentum in LD solution 
stream. 
 
𝜌 𝑢 ∇ 𝑢 ∇pI ∇ 𝜇 ∇𝑢 ∇𝑢 .  

(2) 
𝜌 𝑢 ∇ 𝑢 ∇pI ∇ 𝜇 𝜇 ∇𝑢

∇𝑢 𝜌 𝐾𝐼 . 

(3) 
In addition to Eq. (3), the standard two-equation k-ε 
model is used in COMSOL MULTIPHSICS to obtain 
the turbulence effects [turbulent viscosity (𝜇 ) and 
turbulent kinetic energy (𝐾)] with accuracy 
constraints as flow near walls is modeled using wall 
functions. 
Conservation of energy equation for both, air and LD 
solution streams is as follows: 
 

𝜌 𝐶 , 𝑢 ∇𝑇 ∇ 𝑘 ∇𝑇 .  
(4) 

For air stream, Eq. (5) represents conservation for 
water vapor. While for solution stream, Eq. (6) 
represents conservation for water. 

𝑢 ∇𝜔 ∇ 𝐷 ∇𝜔 .   
(5) 

𝑢 ∇𝑋 ∇ 𝐷 ∇𝑋 .   
(6) 

B. HPLD System Simulation 
In order to simulate the whole HPLD system, the 

above numerical model is duplicated on COMSOL. 
One model represents the ICD and the other 
represents IHR, which are the two main components 
of the proposed HPLD System. The two models are 
then paired using equations representing the  other 
components of the system. 
1) Heat Exchanger 

The solution–solution heat exchanger is 
described using heat transfer efficiency (𝜖) equation 
as follows: 

 

𝜖
∙

, ′ , ,

′ , ,
∙′ ′ , ′ , ,

′ , ,
.  

(7) 

Where 𝑇 , &𝑇′ , 𝐾  are solution inlet temperatures 
of ICD & IHR respectively, 𝑇 , &𝑇′ , 𝐾  are 
solution outlet temperatures of ICD & IHR 
respectively, assuming no heat losses in pipes 
transferring the salt solution to or from the heat 
exchanger. 𝑚∙ 𝐶 , &𝑚∙′ 𝐶′ ,  are multiplications of 
mass flow rate & specific heat capacity 𝑊.𝐾  of 
cold diluted solution & hot concentrated solution 
respectively, 𝐶  is the smaller value of them. 
Noting that 𝜖 of heat exchangers usually used in 
liquid desiccant cycles in previous studies is limited 
to 0.71–0.92 approximately, as concluded by Liu, et 
al.[16]. 
2) Heat Pump model 

The heat pump cycle is briefly described using 
coefficient-of-performance 𝐶𝑂𝑃ℎ  definition, which 
could be determined by ideal 𝐶𝑂𝑃ℎ ,  under a Carnot 
Reverse Cycle multiplied by heat pump 
thermodynamic perfectness ηℎ  as follows:  

 

𝐶𝑂𝑃ℎ ηℎ ∙ 𝐶𝑂𝑃ℎ , ηℎ ∙ 1.  

(8) 
Where 𝑇 &𝑇  𝐾  are evaporating & condensing 
temperatures respectively.𝑄 &𝑄  𝑊 are evaporating 
& condensing heat respectively. 𝑊 𝑊 is the 
compressor work.  Noting that the value of ηℎ  varies 

approximately in the range of 0.4–0.6, as concluded 
by Liu, et al.[16]. 
 
C. Performance parameters 

The parameters used to assess the performance of 
the proposed HPLD system are presented in this 
section as Follows: 
Specific dehumidification power 𝑆𝐷𝑃 𝑔 ∙ ℎ ∙
𝑚 , Eq.(9), represents the dehumidification ability 
of the system, which is the moisture removal rate per 
unit transfer area. 
 

𝑆𝐷𝑃
∙ ∙ , ,

.  

(9) 
 
Overall system coefficient of performance𝐶𝑂𝑃 , 
Eq. (10), is the ratio of the cooling capacity of the 
HPLD system to the total electric power 𝑊 𝑊  
consumed by the HP compressor, neglecting air fans 
& solution pumps electric consumption compared to 
the compressor consumption. Where ℎ 𝐽 ∙ 𝐾𝑔  is 
enthalpy of supply air. 
 

𝐶𝑂𝑃
∙ ∙ ℎ , ℎ ,

.  

(10) 
 
Energy efficiency ratio 𝐸𝐸𝑅, Eq. (11), is the ratio of 
the useful output energy of the heat pump to the total 
electric power𝑊  consumed by the HP 
compressor. 
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20 4 150 2 3 7 
Heat Exchanger Heat Pump 

Efficiency [ϵ] 
Thermodynamic 
perfectness [ηhp] 

0.75 0.54 
 

Table 1, is reviewed using the numerical model 
at design operating conditions of  

Operating Conditions 

𝑢 𝑚/𝑠  
𝑚∙ 𝑘𝑔
/𝑠  

𝑚∙ /𝑚∙  𝑇  °𝐶) 

0.5 1 0.5 16 

Outside Air Conditions 
Regeneration Air 

Conditions 

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

30 19 24 10 
 

Table 2.  The outside fresh air conditions are 
typical hot and humid summer conditions of SHARM 

EL SHEIKH city in Egypt, as per the annual 
dehumidification design conditions of 2017 
ASHRAE CLIMATIC DESIGN CONDITIONS [18]. 
It is found that conditioning 1 kg/s fresh air at steady 
system operation, supplies air at temperature = 20.18 
°𝐶 and humidity ratio = 6.52 g/kg. At these 
conditions, system SDP is 130.25 g/(h.𝑚2), 𝐶𝐶 is 
41.88 kW and 𝐶𝑂𝑃  is 6.378. The evaporating 
coil power 𝑄 = 45.54 kW and the condensing coil 
power 𝑄 = 52.11 kW, resulting in EER = 14.868.  
C. System performance under varying operating 
conditions 

In order to preserve supply air at required 
conditions, system operator can control the key 
operating parameters (solution flow rate𝑚∙ & 
evaporating coil temperature𝑇 ). While supply air 
flow rate 𝑚∙  is not chosen in this study as a key 
operating parameter, as not to affect the default 
flowing conditions of supply stream.  
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(c) 

 
(d) 

Fig. 5. Effect of solution flow rate on system performance: (a) LD Solution State; (b) 𝑪𝑪,𝑸𝒆,𝑸𝒄 & 𝒘𝒐𝒓𝒌; (c) Supply air temperature 
& humidity ratio; (d) COP, EER & SDP. 

 
1) Solution flow rate 

Fig. 5 shows the influence of changing 𝑚∙  on 
system performance while other operating conditions 
remain as  

Operating Conditions 

𝑢 𝑚/𝑠  
𝑚∙ 𝑘𝑔
/𝑠  

𝑚∙ /𝑚∙  𝑇  °𝐶) 

0.5 1 0.5 16 

Outside Air Conditions 
Regeneration Air 

Conditions 

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

30 19 24 10 
 

Table 2. Increasing 𝑚∙  from 0.5𝑚∙  to 2𝑚∙ , 
increases heat pump evaporating heat 𝑄 & 
condensing heat𝑄 . Accordingly, the system reaches 
a new steady operating point where salt concentration 
pumped to ICD increases to 0.34. This reflects on the 
ICD moisture absorption capacity, leading to increase 
of 19.65% in SDP as 𝜔 ,  reaches 4.07 g/kg. 
However, 𝑇 ,  increases to 23.70 °𝐶 due to higher 
solution temperature leaving the IHR and affecting 
the ICD entrance. Although system 𝐶𝐶 slightly 
increases to 44.54 kW, 𝐶𝑂𝑃 decreases 
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dramatically to 1.78 and EER decrease to 9.17 due to 
increase in HP work. 
2) Evaporating coil temperature 

Fig. 6 shows the influence of changing 𝑇  on 
system performance while other operating conditions 
remain as  

Operating Conditions 

𝑢 𝑚/𝑠  
𝑚∙ 𝑘𝑔
/𝑠  

𝑚∙ /𝑚∙  𝑇  °𝐶) 

0.5 1 0.5 16 

Outside Air Conditions 
Regeneration Air 

Conditions 

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

𝑇 ,  °𝐶) 
𝜔 , 𝑔
/𝑘𝑔  

30 19 24 10 
 

Table 2. Throttling the heat pump to decrease the 
evaporating coil temperature to 8 °𝐶 leads to an 
increase in𝑄𝑒 & 𝑄𝑐. Accordingly, the system settles 
at new operation point where salt concentration 
increases to 0.33 at ICD entrance. With lower 
solution temperature and higher salt concentration, 
accordingly the ICD have higher moisture absorption 
rate. Therefore, system SDP increases by 30% as 
𝜔 ,  reaches 2.79 g/kg and𝑇 ,  also decreases to 
15.59 °𝐶 and hence 𝐶𝐶 increases to 56 kW. However, 
𝐶𝑂𝑃 decreases to 2.99 and EER decrease to 
8.09 due to increase in HP work. 
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(c) 

 

 
(d) 

 
Fig. 6. Effect of evaporating coil temperature on system performance: (a) LD Solution State; (b) 𝑪𝑪,𝑸𝒆,𝑸𝒄 & 𝒘𝒐𝒓𝒌; (c) Supply air 

temperature & humidity ratio; (d) COP, EER & SDP 
V. SUMMARY AND CONCLUSION 

 
In this research, a new internally cooled/heated 

LAMEE is proposed to be used in Heat-Pump Liquid-
Desiccant air dehumidification systems. The new 
module utilizes the thermal heat of the HP to prevent 
the significant drop in mass transfer driving force 
along the exchanger, resulting in significant increase 
in system energy efficiency. The mathematical model 
is presented and validated with past researchers work. 
A CFD tool “COMSOL MULTIPHSICS” was used 
in modeling the proposed module and system. The 
performance analysis is carried on system scale. Main 
conclusions are: 
a) The proposed HPLD air dehumidification system 

have a Specific Dehumidification Power (SDP) 
of 130.25 g/(h.𝑚^2) at design operating 
conditions with 6.377𝐶𝑂𝑃 . 

b) Raising LD solution flow rate 𝑚∙  from 0.5𝑚∙  
to 2𝑚∙ , raises the system dehumidification 

ability where SDP increases by 19.65% on 
expense of deteriorating 𝐶𝑂𝑃  to 1.78. 

c) Decreasing the evaporating coil temperature 
from 16 °𝐶 to 8 °𝐶, raises system SDP by 30% 
on expense of decreasing 𝐶𝑂𝑃  to 2.99. 
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Abstract - The sustainable low-cost of housing in Kajiado county remains a critical challenge. Despite the fact that ministry 
of housing trying to upgrade the housing units for the residents of Kajiado County, still sustainability of such projects has not 
been achieved because of poor resource usage. The study investigated the effect of resource usage on sustainable low-cost 
housing in Kajiado County Kenya. The study adopted descriptive survey design. Data was collected using the questionnaires 
and analyzed using SPSS. The study revealed a significant relationship existed between resource usage and sustainable low-
cost housing.  
 
Keywords - Resource Usage, Sustainable Low-Cost Housing 

 
I. INTRODUCTION 
 
Resources are the backbone of every economy and 
provide two basic functions, raw materials for 
production of goods and services and environmental 
services. Today building technologies are progressing 
rapidly and buildings became more complex and 
sophisticated and hence their impacts on 
environment, society and economy are greater. New 
constraints such as efficient resource usage and low 
environmental impact require innovative sustainable 
solution (Abdellatif& Othman, 2006).  
The study found that land has been described as the 
fulcrum of all types of development in any society, 
the constrain posed by its inaccessibility has reduced 
the provision of affordable housing for about 70 
percent of whom live below the poverty line. Lack of 
adequate land for urban development particularly for 
low-income housing is perhaps the single most 
important impediment in achieving the goal of shelter 
for all. Scarcity of land leads to escalating land 
prices, overcrowding of existing neighbourhoods, 
illegal invasion of vacant land and growth of squatter 
settlements. This trend can only be reversed by the 
provision of adequate and affordable land for low-
income housing. 
Atati (2014) conducted a study on factors that 
influence housing finance in developing countries a 
case study of Kenya. The methodology adopted in 
this study was a mixed method. The study indicated 
that building materials often constitute the single 
largest input to housing construction in most 
developing country cities particularly in Africa. 
Building materials have been established to account 
for more than half of total housing expenditure. 
However, the high cost of materials for building 
houses is a serious challenge militating against 
delivery of decent mass housing.  
Nabutola (2014) provided that “land is a major 
constraining factor in the County of Nairobi because 
most of the slum dwellers do not own the land which 

is owned by the central and county government 
making land inaccessible to the majority who need it 
most but cannot afford its premium price”. On the 
same note Lock (2003) “acknowledges the 
importance of land and stated that Land regulation 
and property titles are at the cornerstone of housing”. 
In Kenya, “land and property regulations have been 
inherited from colonial times and involve a rather 
complex tenure mechanism framed in many 
difference laws” (Gichunge, 2001). World Bank 
(2011) notes that “lack of affordable constructions 
combined with difficulties in accessing land makes it 
difficult to expand access to homeownership. In 
particular the multiple land titling and registration 
mechanisms are grossly inefficient and overly 
complex”. 
Gichunge (2001) researched “factors that contribute 
to the value of provisions of low-cost housing in 
Nairobi, Kenya”. The study stated that there is 
inadequacy of funds to be used for facilitating the 
housing projects from the government side. This has 
posed a stern restraint that has continued to limit 
sufficient houses construction in the developing 
countries. The existing of public financial institutions 
in most of the developing countries, do not realize 
necessities for financial obligations which are 
desirable as critical constituent of construction. 
According to Alaghbari (2010 “labour cost is one 
among the foremost contentious factors among all the 
factors that affect construction costs and therefore the 
debate revolves round the role of labour changes, 
their level of skill and productivity, unionized or non-
unionized labour and employment laws”. Warsame 
(2006) supports this position by “comparing labour 
costs among different regions and argues that 
buildings are produced and consumed locally which 
the proportion of cost input mainly labour and 
building materials costs forms the most important 
component of the ultimate cost of the house”. AFDB 
(2013) “Africa Economic Brief Survey of 
developers” reported that “material costs followed by 
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Labour costs are the foremost influential determinants 
of house cost”. 
 
II. METHOD 
 
The study adopted descriptive research design, as it 
determines and reports elements in their natural 
setting and the way they are (Yin, 2013). Descriptive 

research design is used when data is collected to 
describe persons, organizations settings or 
phenomena. Descriptive research design was useful 
in this study to assess the effect of resource usageon 
sustainable low-cost housing in Kenya. 
 
The study targeted 642 persons out of which a sample 
size 63 respondents was carefully selected. 

 
III. RESULTS AND DISCUSSION 
 
The data collected was then, coded, entered, edited andanalyzed using SPSS. All the selected sample took part 
in the study giving a response rate of 100%. The results of the study are shown below. 
 
3.1Professionals perception of resource usage on sustainable low-cost housing  
 

Statement 1(%) 2(%) 3(%) 4(%) 5(%) Mean 
Std. 
Dev 

Land 13.3 33.3 13.3 26.7 13.3 3.53 .872 
Capital 6.7 20 26.7 40 6.7 3.60 .781 

Entrepreneur 6.7 20 26.7 40 6.7 3.55 .587 
Organisms 0.0 6.7 20 60.0 13.3 3.63 .932 

Labour 6.7 40 20.0 26.7 6.7 3.57 .783 
Others 6.7 13.3 20 53.3 6.7 3.60 652 

 
Table 1: Perceptions on Resource Usage by Professionals 

 
From Table 1, majority of the respondents 26.7% said 
that land had a large extent of influence on low cost 
housing. A significant number of respondents (40%) 
also said that capital had a great effect on low cost 
housing. Another 40% of the respondents further 
stated that entrepreneurship had a large extent of 
effect on low cost housing. Another 60% of the 
respondents said that organisms had a large effect on 
low cost housing. Other respondents (26.7%) of the 
respondents said that labour had a large effect on low 
cost housing. Other respondents (53.3% said that 
there are other factors with a large effect on low cost 
housing.  
 

 
 

3.2Users perception of resource usage on 
sustainable low-cost housing 
The results on housing resources as shared by the 
users are illustrated in Table 2 
 

Statement Mean 
Std. 
Dev 

There is adequate land for us to 
be build houses 

3.27 .698 

The building material uses is of 
good quality 

3.54 .998 

The house is finished on time 
due to the availability of finance 

3.48 .788 

The government support the 
implementation of houses for us. 

3.52 .948 

We give hand in the construction 
process 

3.70 .694 

 
Table 2: Housing Resource Usage as Shared by Users 

 
From Table 2, majority of the users agreed with a 
mean of 3.709 that they gave hand in the construction 
process and that the building material used was of 
good quality with a mean of 3.54 besides the fact that 
the government supported the implementation of 
houses for them with a mean of 3.52. On the other 
hand, respondents were neutral on whether the houses 
were finished on time due to the availability of 
finance or there was adequate land for users to be 
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build houses as supported by means of 3.48 and 3.27 
respectively. All the statements had values of 
standard deviation below 1; which means that 
respondents shared same views on these statements. 

3.3 ANOVA of resource usage on sustainable low-
cost housing 
The results on Analysis of Variance (ANOVA) are 
shown in Table 4.  

 

 Sum of Squares df Mean Square F Sig. 

Regression 66.456 3 22.152 22.376 .016b 

Residual 45.544 46 .990   

Total 112.000 49    
 

a. Dependent Variable: Cost of Housing, b. Predictors: (Constant) Housing Resource Usage 
 

Table 4: Analysis of Variance 
 

The results in Table 4 indicate the value of F 
calculated as 22.376; the value is large enough to 
infer that the overall regression model of the study 
was significant and thus suitable for use in the study. 
The study pursued to determine the effect of Housing 
Resource Usage on sustainablelow-cost of housing. 
From the findings, the study noted that housing 
resource usage has significant effect on low cost 
housing. Majority of the professionals said that 
building materials accounted for more than half of 
total housing expenditure. It was shown that 
inadequate land negatively impacted on the goal of 
shelter for all.  
The study noted that land regulation and property 
titles were at the cornerstones of housing. It was 
shown that labour costs were the most influential 
determinants of house cost and that scarcity of land 
led to escalating land prices as well as house price 
besides the fact that labour as a resource contributed 
to the cost of houses.  On the other hand, majority of 
the users said that they gave hand in the construction 
process and that the building material used was of 
good quality besides the fact that the government 
supported the implementation of houses for them. 
Some of the resources with an influence on cost of 
housing that the study established include organisms, 
capital, entrepreneurship, land and labour. 
 
IV. CONCLUSION 
 
Housing resource usage has significant effect on low 
cost housing. Building materials account for More 
than half of total housing expenditure comes from the 
building materials. Inadequate land negatively impact 

on the goal of shelter for all. Property titles 
acquisition and land regulation are at the cornerstones 
of housing in Kenya. Labour costs are the most 
influential determinants of house cost and that 
scarcity of land leads to escalating land prices as well 
as house price besides the fact that labour as a 
resource contributed to the cost of houses.   
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Abstract - Technological developments have made the construction industry efficient. The aim of this re-search is to solve 
communication interaction problems to build a project management platform using the interactive concept of natural language 
processing technology. A comprehensive literature review and expert interviews associated with techniques dealing with 
natural languages suggests the proposed system containing the Progressive Scale Expansion Network (PSENet), 
Convolutional Recurrent Neural Network (CRNN), and Bi-directional Recurrent Neutral Net-works Convolutional Recurrent 
Neural Network (BRNN-CNN) toolboxes to extract the key words for construction projects contracts. The results show that a 
fully automatic platform facilitating contract management is achieved. For academic domains, the Contract Keyword 
Detection (CKD) mechanism integrating PSENet, CRNN, and BRNN-CNN approaches to cope with real-time massive 
document flows is novel in the construction industry. For practice, the pro-posed approach brings significant reduction for 
manpower and human error, an alternative for settling down misunderstanding or disputes due to real-time and precise 
communication, and a solution for efficient documentary management. It connects all contract stakeholders proficiently. 
 
Keywords - Project Management Platform, Natural Language Processing, Interactive Concept, Construction Contract, 
Keyword Detection 

 
I. INTRODUCTION 
 
MOST of current construction industry management is 
mainly based on human rule management assisted by 
technology systems to implement automatic 
construction management [1–5]. However, the quality 
of construction management systems on the market is 
uneven, a common blind point for them is that they 
cannot effectively connect and interact with each party 
[6]. Data input and output for systems cannot be easily 
shared according to the needs of the work, which 
becomes obstacles among parties [7–10]. As a result, 
party cooperation within a construction project may 
not work smoothly among all phases, including 
planning, procurement, etc. Party members may need 
to face consequences by poor management, which may 
be as serious as litigation [11–14]. A need to facilitate 
management process and lower barriers among all 
contract parties is overwhelming. In summary, the 
construction and property industry are currently facing 
problems caused by the inability of the current 
management system to share and interact information 
[15–17]. The aim of this research is to solve 
communication interaction problems and to build a 
project management platform using an interactive 
concept of natural language processing technology. 
Through a comprehensive literature review, 
interviewing experts, developing the bridges (keyword 
detection) connecting parties, the interactive platform 
for construction contract stakeholders is developed for 
more in-depth management. 
 

II. PROJECT MANAGEMENT AND 
PERFORMANCE 
 
The Project Management Body of Knowledge 
(PMBOK) issued by the Project Management Institute 
(PMI) defines project management as applying 
knowledge, skills, tools, and techniques to project 
activities to meet project needs [18]. The PMBOK also 
divides the project management process into five 
stages: Initializing, Planning, Executing, Control, and 
Closing. It also explains in detail the ten areas of 
knowledge required for project management in the 
process of project management, such as the 
knowledge, skills, tools, and techniques required by 
the project management team at each stage. For 
engineering, in order to improve the quality and 
efficiency of the project, it is necessary to complete the 
entire life cycle of the project. It can be used as a 
reference for the entire life cycle of a development 
project. It states that the entire life cycle of public 
works includes feasibility assessment, planning, 
design, tendering, construction, acceptance to 
takeover, and operation stages; it also states that 
important work items at each stage include planning 
and design stage, project bidding stage, project 
implementation phase, and takeover operation phase 
[19]. In addition, a handbook for the Management of 
the Life Cycle Performance suggested public building 
design plans as a perspective plan [20].  
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The whole life cycle of the plan is divided into five 
main phases: editing, review, pre-operation, project 
implementation, and term/operation phases. Project 
management success encompasses both the project’s 
objectives and its completion within its normal time, 
cost, and scope, and its focus by including stakeholder 
requirements [21]. 
However, for construction projects, the life cycle scope 
does not refer to new construction or expansion work. 
The life cycle defined in this study focuses on the 
stages of project bidding and performance. Through 
the platform’s progress management and quality 
management functions, it can be assured that the 
project can be carried out as expected. The questions in 
developing a platform to deal with construction project 
management are raised as: (1) system availability for 
project contracts, (2) system’s impact to a company, 
(3) precise control for project’s change orders, and (4) 
the company’s willingness to promote a system that 
can facilitate project management albeit being costly. 
 
III. APPLICATIONS FOR SCENE TEXT 
DETECTION 
 
Scene text detection is intuitively understood. Given an 
image, all the positions where the text appears in this 
image are needed, that is, find the position of each 
object in the image, and mark the objects in the 
bounding box because images are divided into two 
categories, with and without text, which is a 
single-class detection task. Faster Region-based 
Convolutional Recurrent Neural Network (RCNN) can 
be used for text detection [22,23]. The Faster RCNN 
model is mainly composed of two modules: the Region 
Proposal Network (RPN) candidate frame extraction 
module and the Faster RCNN detection module, which 
can be subdivided into four parts: (1) Conv Layer, (2) 
RPN, (3) Roll Pooling, and (4) Classification and 
Regression. The steps of Faster RCNN are divided into 
[24]: (1) The basic network performs feature 
extraction, (2) features are sent to RPN for candidate 
frame extraction, (3) the classification layer classifies 
the objects in the candidate frame, and the regression 
layer fine-tunes the (x, y, w, h) of the candidate frame. 
However, the effect of Faster RCNN as text detection 
is not ideal due to the uniqueness of each text. For 
example, common objects have obvious closed edge 
contours, but the text does not. The text contains 
multiple texts, and there is text between the texts. If the 
interval between texts cannot be detected, each 
character is treated as a text line and it is framed 
instead of the entire line. Based on the said reasons, 
general networks such as Faster RCNN must be 
improved to design a new network framework suitable 
for text detection. 
A work regarding detecting text in Natural Image was 
proposed [24]. This deep neural network is called 
Connectionist Text Proposal Network (CTPN), which 
can accurately locate lines of text in natural images. 
CTPN detects text lines directly in a series of 

fi-ne-grained text proposals in convolutional feature 
correspondence. In this paper, a vertical anchor 
mechanism was developed to jointly predict the 
position and text/non-text score of each fixed-width 
proposal, greatly improving. For positioning accuracy, 
the sequence is proposed to be naturally connected 
through a loop neural network, which is integrated into 
the convolutional network to form an end-to-end 
trainable model. This allows CTPN to explore rich 
image context information and detect blurry text. 
CTPN works reliably on multiple scales and multiple 
languages without further follow-up processing. It 
departs from the previous method that required 
multiple steps of filtering from the bottom up. 
However, CTPN has an obvious disadvantage. It is not 
good for non-horizontal text detection. In this paper, 
the text in the detection result picture is horizontal 
[25,26]. In order to solve the shortcomings of poor 
performance of CTPN in non-horizontal detection, a 
study introduced a detection approach that can detect 
text at any angle, which is generally called, in this 
approach, Segment Linking (SegLink) [24]. The main 
idea is to decompose the text into two locally 
detectable elements, that is, segments and links. 
The characteristic of text detection is that the aspect 
ratio is particularly large or small, and there is usually a 
rotation angle. If four parameters (x, y, w, h) of target 
detection were used to specify a target position, the 
error obtained will obviously be too big, so, then, one 
lets the model learn another parameter θ, and this θ 
represents the rotation angle of the text box. The 
parameters returned from the original (x, y, w, h) to (x, 
y, w, h, θ), the error in solving the angle occurs. This 
approach incorporates both the idea of the CTPN 
small-scale candidate box and the idea of the Single 
Shot MultiBox Detector (SSD) approach, and achieves 
the effect of state-of-art of text detection in natural 
scenes. Then one analyzes the network architecture of 
SegLink to further understand how SegLink can 
achieve efficient multi-angle text detection. The 
SegLink architecture adopts the idea of SSD. First, 
Visual Geometry Group (VGG) 16 is used as the 
feature extraction for the back-bone. The fully 
connected layers (fc6, fc7) of VGG are replaced by 
convolutional layers (conv6, conv7). One connects the 
conv layers conv8 to conv11. It is worth noting that the 
size between conv4–conv11 decreases in turn (each 
layer is one-half of the previous layer). This approach 
is for multiscale target detection, that is, large feature 
maps are good at detecting small objects. By using 
multiple feature maps of different scales and detecting 
segments and links from six feature layers, text lines of 
different sizes can be detected. 
There is no mention of whether the approach can detect 
curved text [27]. The method of segmenting and 
integrating the complete text line first detects and then 
merges, which undoubtedly greatly increases the loss 
of text detection accuracy and time consumption. A 
study in 2017 proposed that efficient and accurate 
scene text can solve multi-angle text detection and is 
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simple and powerful [25]. There are multiple stages of 
text detection; taking the region proposals detection 
approach as an example, it includes the stages of 
candidate box extraction, bounding box regression, 
and merging candidate box. There is (a) horizontal 
word detection and recognition pipeline proposed by 
[28], (b) multidirectional text detection pipeline [29], 
(c) horizontal text detection using CTPN, and (d) 
Efficient and Accurate Scene Text (EAST) pipeline, 
which eliminates most of the intermediate steps, 
consists of only two stages, and is much simpler than 
previous solutions. The author of EAST believes that 
splitting a text detection approach into multiple phases 
does not actually have many benefits, and it is correct 
to implement a true end-to-end text detection network. 
Therefore, the EAST process is quite concise, and is 
only divided into the Fully Convolutional Network 
(FCN) generation text line parameter stage and the 
local perception Non-Maximum Suppression (NMS) 
stage [30], which has further improved the accuracy 
and speed of text detection. To understand the 
advantages of EAST for text detection from the 
network architecture, EAST’s network architecture is 
divided into three parts: feature extraction layer, 
feature fusion layer, and output layer. Feature 
extraction layer: Backbone uses deep but lightweight 
neural networks (PVANet) for feature extraction [31], 
and then sends it to the convolution layer, and the size 
of the subsequent volume base layer decreases 
sequentially (the size is half of the previous layer), and 
the number of convolution kernels increases 
sequentially (for the previous layer double). Feature 
maps at different stages are extracted so that feature 
maps of different scales can be obtained. The purpose 
is to solve the problem of intense text line scale 
transformation. Large-size layers can be used to 
predict small text lines, and small-size layers can be 
used to predict large text. Feature merging layer: merge 
the extracted features. The merging rule adopts the 
U-net method [32]. The merging rule is to merge the 
top features from the feature extraction network 
downward according to the corresponding rules [27]. 
 
IV. EXPERT INTERVIEW 
 
Having a comprehensive understanding for the 
interactive concepts, the follow-up steps are to 
determine what and how to develop the platform. It 
starts from the suggestions by expert interviews, which 
are set to explore the feasibility and know-how in the 
construction industry. Scholars suggested any number 
between 6 and 20 of experts with experience greater 
than 10 years in the target industry [33–35]. Based on 
convenient sampling method, interviews with 10 
experts in different professional fields were conducted. 
The first part for expert interviews is to fill in the basic 
information of name, company/origination, job title, 
and service years in the construction industry. The 
second part is the interview for 40–60 min individually 
based on the questions derivative from the summary of 

Section 2: 
 Does your company currently have a management 

system related to project con-tracts? 
 How do you think that a management system 

influences your company? 
 If there were a change order occurring to anyone 

of your construction projects, would it make the 
contract stakeholder(s) not to precisely perform 
cost control? 

 If an interactive platform for stakeholders of a 
construction contract can be established and 
carried out, coordination and communication 
between parties should be improved, benefiting 
the project. Would you be willing to introduce it? 
Any other concerns? 

 
The summary from the expertise can be recapitulated 
as follows: a common problem in the construction 
industry today is the inequality of information and the 
lack of a plat-form to integrate information. It can be 
seen that interviews show that most of the respondents 
are willing to introduce interactive platform(s) for 
stakeholders to benefit engineering project contracts. 
In addition to ensure information sharing, their 
expertise also bring about the establishment of a 
complete resume for buildings, the realization of 
evidence preservation in combination with the 
documentary management, intellectual property rights, 
risk identification, early warnings for overdue 
progress, budget, and schedule. Therefore, they 
recommend a robust system that automatically 
processes documentary management by contract 
keyword detection. 
 
V. MECHANISM FOR CONTRACT KEYWORD 
DETECTION APPROACH 
 
Integrating the suggestions from the literature review 
and expert interviews, the pro-posed approach is to 
adopt natural language processing technology to build 
an interactive platform for engineering project contract 
stakeholders. To do so, based on predetermined 
keywords by users and applications introduced in the 
literature review, we designed a mechanism that 
integrates Progressive Scale Expansion Network 
(PSENet), Convolutional Recurrent Neural Network 
(CRNN), and Bi-directional Recurrent Neutral 
Networks Convolutional Recurrent Neural Net-work 
(BRNN-CNN) toolboxes to extract the key words for 
contracts shown in Figure 1. The dotted box in Figure1 
is the proposed approach, Con-tract Keyword 
Detection (CKD), where there are three steps to 
accomplish keyword con-tract extraction inclusive of 
text detection, text recognition, and interpretation. 
Starting from the inputs that may be gathered in figure 
or photo format, PSENet detects all possible text 
location and then positions them in order to yield 
bounding boxes where PSENet is a built toolbox that 
contains Chinese text with a databank of ICDAR 2017 
Reading Chinese Text In the Wild (RCTW) with a total 
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of 12,263 images, of which 8034 were used as the 
training set and 4229 were used as the test set [24]. In 
this step, shape robust text detection was used as a 
method for scene text recognition [31]. This method is 
compared with other scene text detection methods and 
the quadrilateral bounding box is not required. It can 
accurately detect text instances with any shape, and its 
accuracy is higher than that of other methods. In this 
stage of the experiment, a real lease contract was 
prepared, and the PSENet method to detect the text part 

of the contract was run, shown in Appendix A. PSENet 
accurately determined the location of the text with a 
success rate of nearly 95%. Extracting crops, which 
comprise text information in the bounding boxes, 
CRNN converts them into texts in step 2. The final step 
is to finalize the text meanings using the BRNN-CNN 
tool and to determine the matching keywords by 
referring to the term-banks. The outputs (detected 
contract keywords) become the “bridges” connecting 
the interactive platforms among parties. 

 

 
Figure 1. Mechanism for Contract Keyword Detection (CKD) approach. 

 

 
Figure 2. Original text image. 

 
Figure 3. Outputs of CKD

 
VI. IMPLEMENTATION AND DISCUSSION 
 
Considering that the CKD approach is constructed 
using PSENet, CRNN, and BRNN-CNN toolboxes, the 
settings remain as suggested from the original work 
[24,31]. The implementation for the proposed 
approach also involves three phases: (1) the text 
position detected by PSENet in the first stage was 
taken, afterwards a screenshot was taken of the text in 
sections, and it was sent to the second stage for text 

recognition. The original contract is detected by the 
first stage as shown in Figure 2.(2) Having the results, 
the contract keyword detection approach converts the 
segmented text image file into the code and compile it. 
It can be seen in the output where errors may occur but 
the text can be roughly distinguished without affecting 
processing. 
(3) Another environment, rather than the English 
spoken, is the final stage to test the proposed system. 
The CKD approach is designed to be carried out in 
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different languages, as long as the databank supports it. 
USA is the first experimental environment where 
construction contract parties may have language usage 
different from what we have read in official 
documents. The process follows the above-mentioned 
steps to have the model established. Therefore, in this 
stage, CKD is to send the recognized text to the word 

segmentation and entity recognition system developed 
by the Central Academy of Sciences for part-of-speech 
analyses, BRNN-CNN [36]. The output result of word 
segmentation recognition is shown in Figure 3, and the 
part of speech represented by English speech tags is 
shown in Table 1. 

 

Speech Code Explanation Speech Code Explanation 

A 
Non-predicative 

adjective 
Caa Peer conjunction 

Cab 
Conjunctions, such 

as: etc. 
Cba 

Conjunctions, such 
as: if 

Cbb Related connectives D Adverb 
Da Adverbs of quantity Dfa Pre-verb adverb 
Dfb Post-verb adverb Di Tense mark 
Dk Sentence adverbs DM Quantitative 
I Interjection Na Common noun 

Nb Proper noun Nc Local word 
Ncd Position word Nd Time word 
Nep Referent Neqa Quantifier 
Neqb Post-quantifier Nes Specific word 
Neu Numeral attributive Nf Quantifier 
Ng Postposition Nh Synonym 
Nv Nominalized verb P Preposition 
T Particle VA Intransitive verb 

VAC Action verb VB 
Action and transitive 

verbs 

VC 
Transitive verb 

action 
VCL 

Action-to-local 
object verb 

VD Double object verb VF 
Action predicate 

verb 
VE Object verb VG Categorical verb 
VH Intransitive verb VHC State-verb 
VI Transitive verb VJ Transitive verb 
VK Object verb VL State predicate verb 
V_2 Have DE Place of gain 

COLONCATEGORY Colon COMMACATEGORY Comma 
DASHCATEGORY Dash DOTCATEGORY Dot 
ETCCATEGORY Truncation number EXCLAMATIONCATEGORY Exclamation point 

PARENTHESISCATEGORY Brackets PAUSECATEGORY Comma 
PERIODCATEGORY Period QUESTIONCATEGORY Question mark 

SEMICOLONCATEGORY Semicolon SPCHANGECATEGORY Dual straight line 
WHITESPACE Blank 

 
Table 1: English speech tags 

 
The result of the second system output is entity 
identification, and the parts of speech represented by it 
are described in detail in Table 1. As shown in Figure 3 
(the CKD output), from the output result, <first>, 
<second>, and <third> are expressed as ordinal, which 
represents the ordinal number; <AB> is expressed as 
person; <six hours> expressed as time, representative 
of the mean time. Using the technology of named 
entity identification, the part of speech it represents can 
be found and the required keywords can be identified 
by part of speech. Information can be found quickly, 

reducing search time in a large amount of data. 
The study presents notable implication for practicing 
engineering managers, which lie in the interactive 
platform for construction contract stakeholders, which 
is developed for more in-depth management, facilitates 
interactive communication, and, thus, reduces human 
errors, improves the accuracy in document processing, 
and enhances party relationships. Human errors can be 
viewed in personal and systematic ways. Although 
flaws or errors occur sometimes, the CKD approach is 
a countermeasure where it cuts the middleman, 
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shaving work hours required to revise document 
processing, and allow errors to be rectified. To gain 
competitive advantage, it is important for engineering 
managers to utilize their resources efficiently and 
embrace innovation potential. Consequentially, the 
proposed approach has proven significant in project 
coordination between all parties by, for example, 
sharing real-time information, rapidly dealing with 
uncertainties and changes, automatically processing 
routine tasks, and saving manpower and costs. 
 
V. CONCLUSION 
 
The study integrates techniques associated with the 
natural language processing technology to develop the 
CKD approach that involves PSENet, CRNN, and 
BRNN-CNN toolboxes to deal with interactive 
connections among parties for construction projects. 
The CKD mechanism is original and effective in 
construction practice that facilitates contract 
management especially in documentary handling for 
mega projects. It serves not only as an interactive 
platform that automatically and real-time connects, 
tracks, and handles document tasks but also as a 
countermeasure to prevent personal or systematic 
human errors since what the contract document 
management CKD can provide is text extraction, 
recognition, and interpretation free of human 
interaction. It is efficient to handle massive document 
and tasks flows while a contraction project is ongoing. 
As a result, significant manpower is reduced. The 
research contributions lie on both academic and 
practical do-mains. For academic domains, the CKD 
mechanism integrating PSENet, CRNN, and 
BRNN-CNN approaches to cope with real-time 
massive document flows is novel in the construction 
industry. For practice, the proposed approach brings 
significant reduction for manpower and human error, 
an alternative for settling down misunderstanding or 
disputes due to real-time and precise communication, 
and a solution for efficient documentary management. 
It connects all contract stakeholders proficiently. The 
follow-up studies can focus on new toolboxes that may 
replace the current methods in an efficient way. Other 
languages than Chinese are recommended to test, to 
see if the mechanism works efficiently. Using the CKD 
mechanism as the core, practitioners may develop 
related applications to facilitate specific domains for 
construction projects such as financing, dispute 
management, quality control, and scheduling mapping. 
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Abstract -  
This study investigates the feasibility of using two aluminum foam desiccant packed heat exchangers (DPHE) installed 
inside an air handling unit (AHU) to supply dehumidified air to a closed swimming pool area located in Alexandria, Egypt. 
The heat exchanger is a simplification to an open flow cycle mathematical model in order to simulate the downstream air 
temperature and humidity ratio. Previous experimental work was used to validate the mathematical model which shows a 
good agreement between the numerical model and experimental results at the same inlet conditions and geometric 
parameters. A parametric study is done to investigate the appropriate cycle time needed to achieve the required supply 
conditions.  
 
Keywords - Desiccant Packed Bed; Metal Foam; Silica Gel; High Moisture Gain; Indoor Swimming Pools. 
 
NOMENCLATURE 
 

𝐴  
Contact area between desiccant and air per 
unit volume, 𝑚 𝑚⁄  

𝐶  Specific heat, 𝐽 𝑘𝑔 𝐾⁄  
𝐷 Diffusion, 𝑚 𝑠⁄  
ℎ Specific enthalpy, 𝑘𝐽 𝑘𝑔⁄  
𝐻  Heat of adsorption, 𝑘𝐽 𝑘𝑔⁄  
ℎ  Convective heat transfer coefficient, 𝑊 𝑚  𝐾⁄  
K Permeability,  𝑚  
𝑘 Thermal conductivity, 𝑊 𝑚 𝐾⁄  

𝐾  Mass transfer coefficient between air and 
desiccant, 𝑘𝑔 𝑚 𝑠⁄  

𝐿 Heat exchanger length, 𝑚 
𝐿  Characteristic length, 𝑚 
𝑁𝑢 Nusselt number 
𝑃 Pressure, Pa 
𝑅𝑒 Reynold’s number 
𝑅𝐻 Relative humidity, % 
𝑆ℎ Sherwood number 
𝑇 Temperature, K 
𝑡 Time, s 
𝑈 Velocity, 𝑚 𝑠⁄  
𝑊 Desiccant moisture content, 𝑘𝑔 𝑘𝑔⁄  
𝑌 Absolute humidity ratio, 𝑘𝑔 𝑘𝑔⁄  

Greek Symbols 

𝜀 Porosity 
𝜇 Dynamic viscosity, Pa. s 
𝜌 Density, 𝑘𝑔 𝑚⁄  

Subscripts 

a Air 
atm Atmosphere 
𝑐 Cycle 
𝑑 Desiccant, dehumidification 
𝑓𝑜 Foam 
𝑖𝑛 Inlet 
𝑠 Solid 
𝑠𝑎𝑡 Saturation 
𝑣 Vapor 
𝑤 Water 

I. INTRODUCTION 
 
Buildings air-conditioning (A/C) systems consume 
about 60% of the total energy consumption of these 
buildings, Kim et al. [1].In humid regions, where 
latent loads on air handling units (AHUs) are high, 
the process air is further cooled down to achieve the 
moisture removal level. However, air reheating is 
needed later to control supply conditions, which 
makes such conventional systems are highly energy-
consuming devices. Adsorption systems driven by 
thermal energy were introduced as alternatives to 
electrically-driven vapor compression system[2]. The 
function of adsorption systems is accomplished by 
using highly porous adsorbent materials that have the 
capability to adsorb water vapor or any other 
refrigerants and desorb it again when subjected to 
cooling and heating, respectively, in cyclic processes.   
Adsorption systems can be classified into closed and 
open systems. In closed systems, the refrigerant 
undergoes adsorption and desorption processes in the 
adsorbent bed or beds, where the adsorbent material 
is kept. Each bed is connected to an evaporator during 
the adsorption mode, a condenser during the 
desorption mode[3]. Aristov et al. [4] concluded that 
shortening the desorption phase was an effective 
parameter for the cycle (COP) and Specific Cooling 
Power (SCP) optimization. 
 
Desiccant packed beds were introduced as new open 
adsorption systems to handle large amounts of 
moisture removal. Compared to the packed beds 
system, the rotary desiccant wheels are noisy due to 
the rotating parts. However, packed beds need extra 
fan power to overcome the high pressure drop in the 
densely packed desiccant materials. Pesaran and 
Mills [5] stated that convection rate in the packed 
beds is much bigger than the diffusion rate, which 
makes adsorption or desorption process is not 
uniform across the desiccant bed. This problem was 
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which desiccant is packed.  In addition, each bed heat 
exchanger is surrounded from the top and bottom 
sides with water channels to provide heating and 
cooling for the desiccant material.  
The two-bed configuration in the proposed AHU is 
used in order to allow one bed to perform cooling and 

dehumidification while the second bed is under 
regeneration. Motorized air dampers are used to 
control volume flow rates and mixing ratios based on 
the load conditions, and they are closed and opened in 
a sequence depending on the operational mode as 
shown in Table 1.  

 

 
Fig. 2 The proposed AHU with the two aluminum foamed heat exchangers and the associated dampers 

 

Bed No. Bed status D1’ D2’ D3’ D4’ D1 D2 D3 D4 

Bed-1 Cooling and dehumidification 
O C C O C O O C 

Bed-2 Regeneration 

Bed-1 Regeneration 
C O O C O C C O 

Bed-2 Cooling and dehumidification 

O: Open, C: Closed 
Table 1 Positioning of air volume dampers in the proposed AHU 

 
III. CASE STUDY 
 
In this study, the feasibility of including an aluminum 
foam desiccant packed bed in the new AHU used for 
a 635 m2 indoor swimming pool is investigated 
considering the summer climatic conditions of 
Alexandria, Egypt. The zone of the indoor swimming 
pool is considered as a part of a central air 
conditioning system served by a chiller plant to 
supply chilled water for the AHUs, as in the case of 
grand malls and hotels. Also, the currently used 
traditional system depends on electric heater to reheat 
supply air after cooling coils. According to ASHRAE 
standards, the indoor swimming pool requires a 
lighting power density of 15 W/m2   and a supply air 
flow of 8149 L/s to achieve the desired space 
condition of 28°C dry-bulb temperature and 60% 
relative humidity [9, 10].  The calculated space 
sensible heat ratio for the given case is 0.311.  
Fig. 3shows how air handling processes on a 
psychrometric chart are different while dealing with 
the sensible and latent loads from the mixing points 
(3) -for traditional system- and (3’) -for proposed 
system- to the supply condition (5) by the traditional 
and proposed AHUs.   
In the traditional AHU, the outside air (1) is mixed 
with return air (2) at point (3). The mixed air is 

cooled and dehumidified by passing through the 
cooling coiland out at point (4). To reach to the 
desired room temperature and humidity, air is 
reheated to point (5) which is the supply condition. 
For the proposed AHU, the mixed air (3’) is cooled 
and dehumidified to point (4’) by passing through the 
DPHE section. Point (4’) -which is the average values 
of outlet air temperature and humidity- must lie on 
the same sensible heat ratio line (2-5). A portion of 
the return air (2) is mixed with the dehumidified air 
(4’) to achieve the supply point (5). 
 

 
Fig. 3 Psychrometric comparison between traditional and 

proposed AHU system 
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IV. MATHEMATICAL MODEL 
 
A. Computational domain 
The computational domain used in the current 
investigation is shown inFig. 4. The domain was 
designed to investigate the heat and mass transfer in a 
packed bed heat exchanger of length (L) and height 
(H) placed inside a duct. Aluminum sub-layer 
separates the desiccant packed bed domain from the 
header where cooling or heating water flows to 
control dehumidification and regeneration processes, 
respectively. 
  

 
Fig. 4 Computational domain for desiccant packed bed 

 
B. Assumptions 
The current investigation depends on following 
assumptions: 
1- Two-dimensional flow.  
2- Transport properties of adsorbent and air are bulk 
averaged. 
3- Both adsorption and desorption processes are 
thermodynamically reversible. 
4- The changes in moisture content and temperature 
in z-direction are neglected. 
5- The inlet air velocity profile is fully developed. 
6- Properties like thermal conductivities, viscosities 
and specific heat are not function of temperature.  
 
C. Governing equations 
Where volume averaged format is used for mass, 
momentum and energy conservation equations.  
Mass conservation between air flow and desiccant 
can be described as follows [11]: 
 

𝜀
𝜕𝑌
𝜕𝑡

𝜀∇. 𝑌 .𝑈
𝜌
𝜌

𝜕𝑤
𝜕𝑡

 (1) 

 
The interfacial equation which control moisture 
transfer between the desiccant material and air can be 
represented by [12]: 
 

𝜌
𝜕𝑤
𝜕𝑡

𝐾 𝐴 𝑌 𝑌 
(2) 

where Ky is the interfacial mass transfer coefficient 
and can be calculated from [12]: 
 

𝐾
𝜌 𝑆ℎ 𝐷

𝐿
 

(3)

 

Where, Lc is the characteristic length which 
represents the particle diameter, while D is the 
diffusion coefficient which can be calculated from the 
following equation: 
 

𝐷 2.302 10
𝑃
𝑃

𝑇
256

.  
(4) 

Hence, Sh is Sherwood number and its equal to 
Nusselt number Nu. 
 

𝑌
0.622 𝑅𝐻

𝑃
𝑃 𝑅𝐻 

(5)

 

 
where, Yd which stands for the humidity ratio for 
moist air on desiccant surface at equilibrium and it 
can be calculated from [11]: 
 
Where RH is the equilibrium relative humidity on the 
surface of the solid desiccant and it can be estimated 
from adsorption isotherm as follows [8]: 
 
𝑅𝐻 6.87𝑤 0.57𝑤 0.119   (6) 
 
While, Psat is the saturation pressure for water vapor 
inside the control volume which can be calculated 
from [11]: 
 

𝑃 exp 23.196
3816.44
𝑇 46.13

 
(7) 

 
Where, K is the permeability for solid desiccant, 
while is the βf Forchheimer drag coefficient. 
 
The energy equation of air can be represented as 
follows [13]: 
 

𝜀𝜌 𝐶𝑝
𝜕𝑇
𝜕𝑡

𝜌 𝐶𝑝 𝑈.∇𝑇

∇. 𝑘 ∇𝑇
ℎ 𝐴 𝑇 𝑇 𝜌 𝐶𝑝 𝑇

𝑇
𝜕𝑤
𝜕𝑡

 

(8) 

The energy equation in desiccant material can be 
described as follows: 

𝜌 𝐶𝑝 𝜌 𝐶𝑝 𝑤𝐶𝑝
𝜕𝑇
𝜕𝑡

∇ ∙ 𝑘 ∇𝑇
 𝐾 𝐴 𝐶𝑝 𝑌 𝑌 𝑇
𝑇 ℎ 𝐴 𝑇 𝑇

 𝜌 𝐻
𝜕𝑤
𝜕𝑡

 

(9) 

 
Where, 𝜌  and 𝐶𝑝  are the metal foam density and 
specific heat respectively. 𝑘  is the bed equivalent 
thermal conductivity and it can be estimated by 
volume averaging of thermal conductivity of both 
desiccant and aluminum foam. 𝐻  is the heat of 
adsorption 2415 𝑘𝐽 𝑘𝑔⁄ . 
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b) Effect of cycle time on humidity ratio. 

Fig. 7 Effect of cycle time on temperature and humidity ratio of 
both dehumidified and regeneration air. 

 
C. Case II: Monthly psychrometric study at cycle 
time 800 sec. 
Four case studies for the city of Alexandria, Egypt 
were conducted to investigate the temperature and 
humidity values of process and regeneration 
downstream the bed at 800 sec as a cycle time. The 
results in Fig. 8show that there is a very slight change 
between humidity ratio of downstream air during 
dehumidification cycle as it depends on air at mix 
point as an upstream flow. While the variation in the 
outlet air humidity ratio values is more obvious 
during regeneration phase. The reason for that is the 
dependence on air at ambient conditions for 
regeneration process. Also, Fig. 8shows high values 
of outlet air humidity ratio in August due to the 
higher inlet air humidity values which saturates the 
bed faster and decrease its ability to capture more 
moisture. 

 
Fig. 8 Monthly temperature and humidity values downstream 

the bed 

D. Case III: Monthly economic study for the 
proposed system in Alexandria  
Fig. 9shows a comparison between traditional and 
proposed system cooling and heating loads. The 
figure shows that August represents the peak load in 
both traditional and proposed systems due to the low 
outdoor sensible heat ratio during this month. Also, 
the load values for this month show that the proposed 
system requires less load than the traditional system 
due to the dependence on solid desiccant to handle 
the latent load instead of reaching the air dew point 
by deep cooling. The effect of metal foam can’t be 
neglected as it enhances heat transfer which helps in 
dissipating the heat of adsorption generated during 
dehumidification. 

 

 
Fig. 9 Required energies for traditional and proposed systems. 
 
VII. CONCLUSION 
 
The results showed that desiccant packed heat 
exchanger (DPHE) system could be actually applied 
under humid climatic conditions in buildings to meet 
cooling needs with less running cost than traditional 
air conditioning systems. Some important deductions 
from the study are summarized in the following 
points: 
1- Desiccant packed heat exchanger system can be 
used as an alternative section for cooling coil and 
reheat coil in air handling systems. 
2- A cooling water of 20°C and heating water of 
40°C with mixing return air with the bed downstream 
air can be enough to achieve outlet air at conditions 
suitable for desired space conditions.  
3- Increasing cycle time can achieve lower outlet 
temperature and humidity for dehumidification with 
using the same cooling and heating water 
temperatures. 
4- Desiccant packed heat exchanger system consumes 
higher running cost for the supply fan due to the high 
static pressure of the heat exchanger section. 
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Abstract -  

 
The realisation of quality educational work with kindergarten children greatly depends on the readiness of the 

educator to have a good understanding of the child, its perspectives, experiences, knowledge and understanding. These can 
be discovered via various forms of children’s expressions, i.e. their symbolic capacities that (Malaguzzi, 1998) calls “a 
hundred languages”. These include artistic, graphic, kinaesthetic, verbal, gesture and many other “symbolic languages”, i.e. 
expressive modalities. The most developed pedagogical conceptions and curricula place great emphasis on creating the 
conditions for the continuous development of various expressive modalities in children, which they can use to symbolically 
represent their knowledge, ideas and emotions. The perspective of the development of children’s expressive potential in 
various institutions does not depend only on the children, but on the features, i.e. the quality of the educational practices of 
the kindergarten. When attempting to improve the conditions for the development of children’s expressive potential in 
kindergarten, it is necessary to acknowledge the systemic features of the educational process, as well as its non-linearity, 
complexity and unpredictability. The paper presents a qualitative research and explains the reason why the authors opted for 
the interpretative, naturalistic and phenomenological research approach. Since the intent was to research the existing 
practices, but also to gradually improve the possibilities of developing children’s expressive potential in kindergarten, an 
action research was conducted as a methodology for simultaneous research and change in the educational practice which 
relies precisely on the development of the practitioners’ research and reflexive skills. Elements of the ethnographic approach 
were used in various stages of the research, in order to understand the manner in which certain subjects (children and/or 
educators) understand and interpret individual activities. The paper questions the relationship between the development of 
the children’s expressive potential and the quality of the spatial-material environment in the kindergarten, the quality of the 
educational interventions by the educators, the democracy of the educational process and the manners of evaluating the 
children’s activities and achievements.   
 
Keywords - Action Research, Expressive Potential, Children’s Symbolic Languages, Educators’ Competences 

 
I. INTRODUCTION 
 

The contemporary approach to shaping the 
educational process in kindergartens is determined by 
many features, including the importance of 
encouraging children to express their perspectives, 
experiences and ways of thinking using various forms 
of expression. This empowers their “100 symbolic 
languages” (Malaguzzi, 1998) that include artistic, 
graphic, kinaesthetic, verbal, gesture and many other 
“symbolic languages”, i.e. expressive modalities. For 
example, Giudici and Rinaldi (2002) emphasize the 
verbal, graphical, musical and gesture language the 
child can use to communicate by utilising appropriate 
expressive media. Expressive media include various 
materials that enable the child to materialise their 
ideas, i.e. the translation of its knowledge and 
understanding to an external, i.e. two-dimensional 
and three-dimensional form (Giudici and Rinali, 
2002, Slunjski 2012). 

 
II. THE VALUE OF CHILDREN’S 
EXPRESSIVE POTENTIAL AND THE 
PERSPECTIVE FOR ITS DEVELOPMENT  

 
The quality of the kindergarten’s educational 

process is proportional to the measure in which the 

educator is ready to recognise and understand the 
children’s various perspectives, expressed with one of 
the expressive media. The most developed 
pedagogical conceptions and curricula, such as the 
Reggio Curriculum (Edwards et al., 1998, 2012, 
Rinaldi, 2006, Gandini et al., 2008) place special 
emphasis on creating the conditions for the 
continuous development of various expressive 
modalities in children, which they can use to 
symbolically represent their knowledge, ideas and 
emotions. Drawing, painting and the general use of 
own symbolic languages presents a type of life, 
purpose and meaning exploration experience for the 
child, claim Gandini and associates (2008). It uses 
them to express their needs, wishes, explorations, 
preconceptions, constructions and discoveries. The 
authors further state that these activities encourage 
solidarity, communication with themselves, their 
physical environment and other children and adults. 
The expressive capacities correlate with children’s 
creativity, which is also positioned highly in quality 
preschool educational practices. Creativity usually 
involves creating something new and it is actually a 
mental process which includes creating new ideas and 
concepts, new solutions to problems and new links 
between existing concepts (Mitchell, according to 
Jackman, 2012). It is a combination of motivation, 
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openness/flexibility, curiosity and autonomy, as well 
as a person’s creative thinking, explains the cited 
author.  

The perspective of the development of 
children’s expressive potential in various institutions 
does not, however, depend only on the children, 
because these are their innate potentials. Their 
development greatly depends also on the features, i.e. 
the quality of the educational practice of the child’s 
kindergarten, which could also be called the 
kindergarten’s culture. The culture of a certain 
kindergarten represents a framework that determines 
what is possible at a certain moment and what is 
considered desirable, and this does not necessarily 
have to be true in another kindergarten (Vujičić, 
2011). This is precisely why the features of 
educational processes, and consequently its quality, 
vary quite a lot across kindergartens. 

With any attempt at improving the practice, 
it is necessary to keep in mind the complexity, 
multidimensionality and the interactions between all 
organisational structures. This is due to the fact that 
quality is determined by context. Each educational 
institution approaches the process of change 
differently, since the innovations are modified in line 
with their context (Soll and Fink, 2000). In other 
words, the potential of improving the educational 
practice is determined in great deal by the context in 
which these processes take place (Rinaldi 2006, 
Slunjski, 2016).At the same time, changing the 
context is a precondition for changing the educators’ 
behaviours (Fullan, 1999). This also refers to the 
process of improving the conditions for the 
development of children’s expressive potential in 
kindergartens.   
 
III. METHODOLOGICAL APPROACH     
 
Subject and aim of the research 
 
The subject of our research are various organisational 
features of kindergartens which determine the 
possibility of developing the children’s expressive 
potential. Our aim was to view the whole picture, i.e. 
the interactions between various contextual factors in 
the kindergarten which determine and shape its 
educational process in a specific way. Taking this 
into consideration, we have opted for the qualitative 
research approach which enabled us to gain insight 
into the authentic features of various institutions, 
since each of them represents one thread in the 
bundle of interactively linked organisational 
structures determined by their culture.  
          In this paper, we will consider as the 
determinants of the quality of educational processes 
that have a positive impact on the development of 
children’s expressive activities the quality of the 
spatial-material environment, the quality of the 
educational interventions of the educators, the level 
of democracy of the total educational process, with 

emphasis on the quality of children’s relationships 
and communication with the educator, and the 
manners of evaluating the children’s activities and 
accomplishments. We believed that the potential of 
the development of children’s expressive potential is 
determined by the interaction between the said 
dimensions of the institution’s culture, and not only 
one of them, removed from the context of the others. 
Moreover, we presumed that there are variations even 
within various groups in the same kindergarten, in 
which case it makes sense to also discuss the culture 
of each educational group.    
          We also opted for qualitative research methods 
due to the specific features of the educational process 
in a kindergarten. In addition to its holistic nature, the 
educational process within the institution is 
determined by non-linearity, complexity and 
unpredictability (Fullan, 1999). These are also the 
basic arguments for selecting an interpretative, 
naturalistic and phenomenological research approach, 
which relies on qualitative research.  
           We wanted to explore and determine the 
existing practices and gradually improve the 
possibilities for developing children’s expressive 
potential in kindergartens. The goal of our research 
was not only to determine the existing state of the 
educational practice, but also to train educators to 
research and gradually improve the quality of various 
organisational features that determine the possibility 
of the development of children’s expressive potential.   
            This is why we opted for an action research, 
as a method of simultaneous research and change of 
the educational practice, which relies precisely on the 
development of the research and reflexive skills of 
practitioners, as well as on the holistic approach to 
the improvement of their practice (Cohen et al. 2007). 
Action research is a specific type of empirical 
research which is conducted with direct pedagogical 
action.  
           In various phases of the research, elements of 
the ethnographic approach were used in various 
stages of the research, particularly in those phases 
where it was important to understand the manner in 
which certain subjects (children and/or educators) 
understand and interpret individual activities, i.e. 
what do activities mean to them. Considering all of 
this, we asked ourselves several research questions:  
How is the development of children’s expressive 
potential influenced by: 
 
 the quality of the spatial-material environment of 

a certain educational group and/or kindergarten 
 the quality of the educational interventions of the 

educator 
 the democracy of the educational process, with 

emphasis on the quality of the children’s 
relationship and communication with the 
educator 

 the manners of evaluating children’s activities 
and accomplishments? 
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Sample, data collection techniques and course of the 
research 
 
We conducted the action research in three 
kindergartens, during three pedagogical years. It 
involved educators, pedagogues and kindergarten 
headmasters, as well as children in younger, middle 
and older education groups. The institutions differ in 
their size (one has 2, the other 6, and the third one 3 
education groups), founder (two are city institutions 
and one is private), year of establishment (two with 
longer traditions and one founded recently). The 
number of educators and children involved varied 
during the research, as did the intensity of the 
educators’ active participation in the research. 
        The data was collected using direct, i.e. 
participant observation and interviews with subjects 
of the educational process, and by obtaining various 
ethnographic records, such as photographs and 
videos, transcripts of the children’s discussions with 
educators, various children’s two- and three-
dimensional pieces of work, as well as various 
narrative forms. We paid special attention to 
collecting transcripts of common discussions with 
educators and pedagogues. We used these in all 
phases of the research as the foundation for a 
common analysis, i.e. reflexion with all subjects 
involved in the research.     
          During the action research, we relied on 
Lewin’s spiral model (according to Kemmis and 
McTaggar 1981), which involves several planning, 
action and results evaluation cycles. In this way, we 
started with questioning the concrete conditions and 
with determining the existing state of the practice. 
We used this to decide on the general action plan 
together with educators and pedagogues. We used 
this model to draw concrete steps that can be realised 
in practice, and together we developed manners of 
monitoring their effects as the foundation of a new 
planning cycle. Each starting plan was revised in the 
light of new information, making a foundation for 
new actions. In this manner, we monitored and 
supported the development of various organisational 
features of kindergartens which determine the 
possibility of developing the children’s expressive 
potential.  
 
Research results interpretation 
 
The initial quality of the educational practice in the 
institutions involved in the research varied between 
the institutions, as was the case after three years of 
research. However, each of the institutions recorded a 
visible increase in quality, taking into account its 
specific possibilities and features. We will not 
describe all of the research and practice development 
processes in this paper, because that would be beyond 
the set framework of the paper. We will present the 
most important insights and changes in the 
educational practice, for which we believe have 

stronger implications on the possibility of the 
development of the children’s expressive potential.  
           During the research, we have determined a 
strong reciprocal relationship between the 
institution’s spatial-material environment and the 
possibility for the development of children’s 
expressive potential. Improvements in the quality of 
the environment, in the sense of offering various 
inspirational materials, enabled a greater variety and 
substance in children’s activities, which lead to a 
gradual revision of the educators’ positions and 
beliefs regarding children’s expressive potential. In 
this sense, our research helped the educators to 
review their own implicit pedagogy and the way it 
reflects on shaping the environment for the 
development of children’s expressive potential, as 
well as its gradual change.  
           By gradually improving the quality of the 
environment, the opportunities for the development 
of children’s expressive potential changed as well. 
From the initial conditions, in which certain educators 
believed that the children had already provided their 
maximum and were sceptical regarding the further 
development of their expressive potential, they 
gradually became aware of the previously 
undiscovered expressive abilities of the children.  The 
increase in the quality of the children’s expressions 
was greatly due to the increase in the quality of 
various expressive materials that the educators 
prepared and offered to the children. It is a process 
that had been developing slowly, but that was greatly 
influenced by the discussions between the educators, 
i.e. the activities in which they interpreted the 
recorded children’s activities together. In this 
research dimension, the improvement was equally 
successful in all three kindergartens. However, it is 
important to stress that the achieved improvements 
were most visible in the self-organised children’s 
activities in which the educators’ role was reduced to 
preparing the material for the activities.  
         The initial state of the practice regarding the 
quality of the educators’ educational interventions 
demonstrated great differences between the 
kindergartens, but also between various groups within 
the same kindergarten. In the majority of cases, the 
educators held a strikingly dominant and teaching 
role. In certain cases, it completely disabled the 
children’s opportunities for taking initiative and 
expressing themselves freely, i.e. to demonstrate 
existing and develop new expressive capacities. The 
result was that the children made pieces of work that 
were overly similar, unified and formulaic and that, 
evidently expressed the educators’ ideas and plans, 
and not the childrens’.  
          During our research, certain improvements in 
the sense of understanding and acknowledging 
children’s authentic expressions were achieved with a 
certain number of educators. This lead to the gradual 
redefinition of the educator’s role. With a certain 
number of educators, this role was gradually directed 
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towards observing and accepting various children’s 
ideas and performances, replacing those that the 
educator envisaged, planned or expected. However, 
the process of abandoning the practice of educators’ 
over-intervention in the children’s expressive 
activities took place much slower than was the case 
with acquiring new materials. The quality of the 
educators’ interventions in encouraging children’s 
expressive activities correlates with the quality of 
their interventions in all other children’s activities. If 
those interventions were generally characterised by 
the educator’s dominance, improvements might be 
slow and correlated with raising of the educator’s 
continuous professional awareness. In such 
conditions, its dominance could be gradually 
decreased in favour of accepting children’s 
initiatives, their authentic effort and greatly diverse 
expressions. However, redirecting the role of the 
educator from the position of over-control and 
dominance in relation to the children, to their 
understanding and acknowledging children and their 
expressive activities, necessarily delves into the area 
of their power relationship. We have witnessed on 
countless occasions that for any development aspect, 
it is necessary to destabilise the controlling structures 
in the educational work with children, i.e. to 
distribute the power between children and educators 
more equally (Bath, 2012). Therefore, a mechanical 
or single introduction of innovation, which should 
lead to the development of children’s expressive 
potential, would be doomed to failure.  
         In this sense, the quality of the educator’s 
interventions was to be problematised in a wider 
context, i.e. from the perspective of the democracy of 
the educational process and the daily experiences 
children have with a certain educator or kindergarten. 
The quality of the relationships and communication 
between educators and children included in the 
research varied in many ways and on many levels. 
The dominant practice of certain educators was 
characterised by an extremely unequal power 
distribution, with strong hierarchical relations, which 
jeopardised the opportunities for developing 
children’s expressive capacity. The significant 
asymmetry of their relationships, i.e. of the children’s 
dependence on the educators’ instructions and the 
direct management of the children’s activities by the 
educators, have shown to be a serious threat to the 
expression and development of children’s expressive 
capacities. This problem was emphasized by other 
contemporary authors such as Foucault (1982) and 
others, who claim that in all serious deliberation on 
the issues of education, there is always an underlying 
theoretical perspective that takes into consideration 
power relations. Abandoning the dominance of the 
educators in the educational work with children, and 
abandoning its adultcentric practice is a long, 
complex and quite unpredictable process. However, 
without a continued and systemic professional 
development of educators, based on the development 

of their research and reflexive skills, the potential of 
increasing democracy in their educational practice as 
a whole is doomed to failure.  
        The final direction of our research, based on the 
fourth research question, referred to the manners of 
evaluating children’s activities and 
accomplishments. The antiquated and non-
democratic practice can also be visible in the 
educators’ focus on the universality of children’s 
development, instead of approaching them as active 
and competent individuals, was observed on many 
levels. Such practice is primarily guided by the idea 
of evaluating children’s progress in stric categories 
and classifying and categorising children according to 
general norms and development levels (Dahlberg, 
Moss and Pence, 1999). At the same time, the 
approach of many educators to children’s expressive 
activities was based on training the children to 
reproduce something (preparing plays for an 
audience) or had a decorative character (exhibitions 
of children’s art). In this way, the issue of the 
educators’ insufficient understanding of children and 
their expressive potential was enhanced by presenting 
such practice as desirable and pedagogically justified 
to the parents and the public. The basic problems lies 
in the fact that such practices do not focus on 
children’s authentic expressive potential, but rather 
on their responsiveness, reproduction skills and the 
way they were trained to perform certain skills in a 
uniformed way (using movement, speech, gesture, 
dance). This does not help the public (including 
parents) to achieve a better understanding of the 
children and their expressive abilities, but rather 
fortifies the positivistic perspective which already 
dominates our pedagogical tradition and culture. In 
this way, the negative effects of such practice, which 
is defended precisely from the position from which it 
should be broken, i.e. the education institution, 
become the means of additional control of children, 
i.e. of expressing the adults’ power (Dahlberg, Moss 
and Pence, 2007). The goal and purpose of 
contemporary education, including early education, is 
not to fortify the power of adults and their 
supervision of children, nor should it be in the 
function of adapting children to a life in a society 
based on supervision (Sparrman and Lindgren, 2010). 
This was something we discussed on many occasions 
with the educators on our common reflective 
sessions. Deliberation on the manners for developing 
children’s expressive potential might not be able to 
eliminate the non-democratic features of the 
education process, nor result in the abandonment of 
the practice which primarily relies on supervision. 
However, the way in which children’s expressive 
activities are approached in a kindergarten can be an 
excellent indicator of such practice and a “warning 
sign” that indicates a practice which should work on 
its democracy. The basic tool for the development of 
democratic pedagogy and practice is, as shown by our 
previous published research, systematic professional 
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development of thee educators, based on research and 
reflexion (Slunjski, 2016). 
This is the reason why we encouraged educators 
continuously to reflect on the various aspect of 
children’s activities and their expressive potential 
during the research. After three years, certain 
improvements were achieved with most educators. 
The development of the research and reflective skills 
of the educators gradually led to the increase in the 
quality of their educational interventions in 
encouraging the development of children’s expressive 
potential. Their skills started to reflect the educators’ 
belief that the child’s expressive activities should 
serve the purpose of understanding the child’s 
authentic ideas, experiences, perspectives and 
sensations, instead of putting the child in the function 
of realising the set, universal and unified goals of the 
educator. In the latter case, the child’s expressive 
potential is held back, stagnates and regresses.   
In our common reflective sessions with the educators, 
we discussed on many occasions the possibilities of 
diverting the perception of the children’s expressions 
from their aesthetics and decorative use (decorating 
signboards) to the “readability” of the children’s 
work. In other words, towards the level at which the 
educators understand the meaning of these pieces of 
work. In this sense, we discussed overcoming the 
need for directing children towards drawing, painting 
and modelling pre-set topics, and focusing on 
understanding what the children were trying to 
express in an authentic way (be it verbally, using 
gestures, art, etc.)   
From the initial state in which educators were 
primarily focused on the child’s end product, they 
gradually developed awareness of the fact that the 
child and the processes leading to its well-being, 
which vary greatly from one child to another, should 
be the centre of any evaluation. Their experiences of 
partner learning with other educators and 
pedagogues, i.e. their common work on interpreting 
the recorded activities, contributed significantly to 
this. The differences and variety of the educators’ 
thinking processes, which were reflected upon on 
common analysis sessions, over time came to be 
considered their advantage, something that 
contributes to the development of their practice.  The 
process of their common (research and reflective) 
professional development in which they developed 
common understanding and complementary 
competences also contributed to this.   
 
IV. CONCLUSION 
 
During the conducted action research, the quality of 
the educational practice in the institutions included in 
the research was developed. However, the intensity of 
this development, as well as the achieved result, 
varied between institutions. During the research, a 
strong reciprocal relationship between the 
institution’s spatial-material environment and the 

possibility for the development of children’s 
expressive potential was determined. Likewise, a 
correlation between the development of children’s 
expressive potential and the quality of the educators’ 
educational interventions was determined. This role, 
from one that is teaching- and dominance-oriented, 
was gradually diverted to better understanding and 
acknowledging of children’s authentic expressions. 
For improving the educator’s role, it is necessary to 
destabilise the controlling structures in the 
educational work with children, i.e. to distribute the 
power between children and educators more equally. 
The quality of the educators’ educational 
interventions corresponds with the democracy of the 
educational process. Therefore, the questioning of 
their relationships and communication with children 
is the foundation for the development of the 
educators’ role. Manners of evaluating children’s 
activities and accomplishments are developed parallel 
to abandoning the antiquated and non-democratic 
practice aimed at encouraging an universal 
development in children. All of these aspects of the 
educators’ development are the result of continuously 
encouraging educators to reflect on the various aspect 
of children’s activities and their expressive potential 
during the research. Progress was made in the 
development of the educators’ belief that the child’s 
expressive activities should serve the purpose of 
understanding the child’s authentic ideas, 
experiences, perspectives and sensations, instead of 
putting the child in the function of realising the set, 
universal and unified goals of the educator.   
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