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Abstract

This paper presents the current development supportive tool for both lecturers and students that conduct Project
Based Learning (PBL) and Lab Based Education (LBE) on Higher Education Institution (HEI). For PBL and LBE
implementations, lecturer needs to monitor, evaluate the learning process. And, students need to publish the learning
outcomes in the public domain. In this research, we propose the supportive tool that will be used by lecturer which is
taught on different academic courses. Also, the proposed supportive tool had designed to used by the student as a
particular group. These groups were formed of the student from several academic courses that supervises by the same
lecturer. The developed supportive tool are microframework based which mean it could be implemented on mini
devices. The current development supportive tool could be an alternative software assistant that support lecturer to
implement Project Based Learning (PBL) and Lab Based Education (LBE). The developed supportive tool has been
introduced to 135 students and 16 lecturers as a participant to evaluate the system usability. The results from the
questionnaire show more than 90% of users state the benefit of the use supportive tool. Also from analyzing Log
metric, users on average complete a designated task in just less than 5 minutes. It indicates that the developed
supportive tool is easy to use and shows the effectiveness of the developed supportive tools. © 2019 Insight Society.

SciVal Topic Prominence ®
Topic: Operating Leverage | Electronic Learning | Safety System

Prominence percentile:  57.270 ®

Author keywords

<Laboratory Based Education) (Project Based Learning) (Supportive tool)

ISSN: 20885334
Source Type: Journal
Original language: English

DOI: 10.18517/ijaseit.9.2.7067
Document Type: Article
Publisher: Insight Society

© Copyright 2019 Elsevier B.V., All rights reserved.

About Scopus

What is Scopus

Content coverage

Cited by 5 documents

Kautsar, LA, , Maika, M.R.

Platform Design Canvas
Adaptation for Rapid
Prototyping and Project-based
Learning amid Covid-19
Pandemic

(2022) EDUNINE 2022 - 6th
IEEE World Engineering
Education Conference:
Rethinking Engineering
Education After COVID-19: A
Path to the New Normal,
Proceedings

Harimurti, R. , Ekohariadi,
Munoto

Integrating k-means clustering
into automatic programming
assessment tool for student
performance analysis

(2021) Indonesian Journal of
Electrical Engineering and
Computer Science

Kautsar, I.A. , Ruslianor Maika,
M.

The use of User-centered
Design Canvas for Rapid
Prototyping

(2021) Journal of Physics:
Conference Series

View details of all 5 citations

Inform me when this document
is cited in Scopus:

Set citation Set citation

alert > feed >

Related documents

Find more related documents in
Scopus based on:

Authors >  Keywords >


https://www.elsevier.com/online-tools/scopus?dgcid=RN_AGCM_Sourced_300005030
https://www.elsevier.com/online-tools/scopus/content-overview/?dgcid=RN_AGCM_Sourced_300005030
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED

Dewan Redaksi

HOME ARCHIVES

Editorial Team

Editor in Chief :
Rahmat Hidayat, (Scopus ID: 57191265401) Politeknik Negeri Padang, INDONESIA

Associate Editors :

Taufik, (Scopus ID: 23670809800), California Polytechnic State University, USA

Haitham Alali, (Scopus ID: 49963007000), Amman Arab University, JORDAN

Wan Mohtar Wan Yusoff, (Scopus ID: 15019967700), Univ. Kebangsaan Malaysia, MALAYSIA
Halimah Badioze Zaman, (Scopus ID: 25825801600), Univ. Kebangsaan Malaysia, MALAYSIA
Son Radu, (Scopus ID: 7005251005), Universiti Putra Malaysia, Malaysia, MALAYSIA

Mohd Razi Ismail, (Scopus ID: 25957691400), Universiti Putra Malaysia, MALAYSIA

Takashi Oku, (Scopus ID: 56275094900), Prefectural University of Hiroshima, JAPAN

Kohei Nakano, (Scopus ID: 7402011766), Gifu University, JAPAN

Nurul Huda, (Scopus ID: 6701695514), Universiti Malaysia Sabah, MALAYSIA

Yandra Arkeman, (Scopus ID: 55946558300), Bogor Agriculture University, INDONESIA

Sate Sampattagul, (Scopus ID: 7801640861), Chiangmai University, THAILAND

Peeyush Soni, (Scopus ID: 9248907800), Asian Institute of Technology, THAILAND

Yolanda Lechon Perez, (Scopus ID: 6602826000), Ciemat, Madrid, SPAIN

Gabriele Arcidiacono (Scopus ID: 56656284600), G. Marconi University, ITALY

Alessandra Pieroni (Scopus ID: 25929524500). , Marconi International University, Florida - USA
Nguyen Hay , (Scopus ID: 15834645900) Nong Lam University. VIETNAM

Rita Muhamad Awang, (Scopus ID: 55957782400), Universiti Putra Malaysia, MALAYSIA
Anton S Prabuwono, (Scopus ID: 18134309800), King Abdulaziz Univ, SAUDI ARABIA

P Mangala C S De Silva, (Scopus ID: 7006461145), University of Ruhuna, SRI LANKA

Bich Huy Nguyen, (Scopus ID: 36191086100), Nong Lam University, VIETNAM

Paul Kristiansen, (Scopus ID: 23097563600), University of New England, AUSTRALIA
Amitava Basu, (Scopus ID: 21833738300), Bidhan Chandra Krishi Vidyalaya, INDIA

Shahrul Azman Mohd Noah, (Scopus ID: 35087633200), Universiti Kebangsaan Malaysia, MALAYSIA
Luca Di Nunzio (Scopus ID:57195199010), University of Rome Tor Vergata, ITALY

Rocco Fazzolari (Scopus 1D:36469997900), University of Rome Tor Vergata, ITALY

Ruben Paul Borg (Scopus ID:55246483600), L-Universita ta’ Malta, Msida, Malta

Van Viet Pham (Scopus |D:57200413784), Ho Chi Minh City University of Transport, VIETNAM

Editors :

Nurhamidah, (Scopus ID: 57191636504), Andalas University, INDONESIA

Ario Betha Juansilfero, (Scopus ID: 57189369470), Kobe University, JAPAN

Zairi Ismael Rizman, (Scopus ID: 36959761800), Universiti Teknologi MARA (UiTM) (Terengganu) MALAYSIA
Shahreen Kasim, (Scopus ID: 36155431900), Universiti Tun Hussein Onn - MALAYSIA

Chi-Hua Chen, (Scopus ID: 35799698800), National Chiao Tung University, TAIWAN

Abrar Ismardi, (Scopus ID: 26633102900), Telkom University - INDONESIA



iM13

iM13


Daftar isi

International Journal on
Advanced Science
Engineerin

Information Technology

Vol. 9 (2019) No. 2
Articles

Characterization of Delignified Oil Palm Decanter Cake (OPDC) for Polymer Composite Development

Muhammad Aqif Adam, Alawi Sulaiman, Azhari Samsu Baharuddin, Mohd Noriznan Mokhtar, Karuppuchamy
Subbian, Meisam Tabatabaei
pages: 384-389 Full text: DOI:10.18517/ijaseit.9.2.2392

Isolates of Lipolytic, Proteolytic and Cellulolytic Bacteria from Palm Oil Mill Effluent and Their Potency
as Consortium

Muhammad Said, Muhammad Faizal, Bambang Yudono, - Hasanudin, Sriwi Pertiwi Estuningsih
pages: 390-396 (Full text: DOI:10.18517/ijaseit.9.2.4938

Value Chain Analysis and Value Added Enhancement of Indonesia Crude Palm Oil Supply Chain

Juliza Hidayati, Sawarni Hasibuan
pages: 397-404 Full text: DOI:10.18517/ijaseit.9.2.7708

The Effect of K-Carrageenan Addition to the Characteristics of Jicama Starch-Based Edible Coating and
Its Potential Application on The Grapevine

Sri Budi Wahjuningsih, - Rohadl, Siti Susanti, Henricus Yayan Setyanto
pages: 405-410 ' Full text: DOI:10.18517/ijaseit.9.2.8089

Physicochemical and Sensory Properties of Pumpkin (Cucurbita moschata D) and Arrowroot (Marantha
arundinaceae L) Starch-based Instant Porridge

Agus Slamet, Danar Praseptiangga, Rofandi Hartanto, - Samanhudi
pages: 412-421 rFull text: DOI:10.18517/ijaseit.9.2.7909

Characteristics of High Protein Snackbar Made of Modified Sweet Potato Flour

Marleen Sunyoto, Robi Andoyo, Euis Masitoh
pages: 422-427 rFull text: DOI:10.18517/ijaseit.9.2.7296

Biomass and Artemisinin Production of Artemisia annua L. on Several Altitudes

Abimanyu Dipo Nusantara, Yudhy Harini Bertham, Usman Siswanto, Apri Andani
pages: 428-433 ' Full text. DOI:10.18517/ijaseit.9.2.2023

Quality Characteristics of Salted Egg Soaked with Aloe vera Solution

Deni Novia, Indri Juliyarsi
pages: 434-440 rFull text:  DOI:10.18517/ijaseit.9.2.1805

Modification of Growing Medium for Container Melon (Cucumismelo L.) Production Using Goat Manure
and Dolomite

Merakati Handajaningsih, - Hasanudin, Helfi Eka Saputra, - Marwanto, Ayu P. Yuningtyas
pages: 441-447 ' Full text: DOI:10.18517/ijaseit.9.2.2543

Identifying Key Factors Affecting Integrated and Sustainable Development of Red Onion Horticulture
Cluster Area

- Helmi, Rafnel Azhari, - Henmaidi, - Silfia, Ibnu Riyadhie
pages: 448-454 ‘Full text: DOI:10.18517/ijaseit.9.2.6875

Combustion Performance of Biomass Composite Briquette from Rice Husk and Banana Residue

Munira Mohamed Nazari, Chin Pooi San, Nor Amira Atan
pages: 455-460 ‘Full text: DOI:10.18517/ijaseit.9.2.2408



Alginate Encapsulation of Trichoderma harzianum as Biocontrol Agent against Brown spot Disease on
Rice (Oryza sativa) in Vitro Assays

Intan Sakinah Mohd Anuar, Ku Asmah Ku sulong, Husein Abdul Gani, Nur Nadia Safi’n, Khairul Azman
Samsudin, Mohd Zafri Wahab
pages: 461-466 Full text K DOI:10.18517/ijaseit.9.2.3226

Determinants of Profitability of Sweet Potato Production in Camarines Sur, Philippines

Ma. Teresa B Lirag
pages: 467-472 'Full text DOI:10.18517/ijaseit.9.2.7520

The Optimization of Temperature and Length of Extraction of Local Corn Silk Powder Using Response
Surface Methodology

- Haslina, Danar Praseptiangga, V.Priyo Bintoro, Bambang Pujiasmanto
pages: 473-479 Full text DOI:10.18517/ijaseit.9.2.8297

Spatial-Temporal Patterns of Agricultural Drought in Upper Progo Watershed Based on Remote Sensing
and Land Physical Characteristics

Wahyu Widiyatmoko, - Sudibyakto, Emilya Nurjani, Eka Wulan Safriani
pages: 480-488 Full text K DOI:10.18517/ijaseit.9.2.8087

Sensory Preference, Nutrient Content, and Shelf Life of Moringa Oliefera Leaf Crackers

Rita Ismawati, Meda Wahini, Ita Fatkhur Romadhoni, Qory Aina
pages: 489-494 Full text DOI:10.18517/ijaseit.9.2.8343

Soil NPK Variability Mapping for Harumanis Mango Grown in Greenhouse at Perlis, Malaysia

Fathin Ayuni Azizan, Nurmardhiyah Roslan, Rashidah Ruslan, Aimi Athirah Aznan, Ahmad Zulfadzli
Mohamed Yusoff
pages: 495-501 'Full text DOI:10.18517/jjaseit.9.2.2989

Small-Scale Farmer Preferences: Exploring the Gap Towards Product Attributes of Local and Imported
Fertilizers

Tomy Perdana, Hesty Nurul Utami, Agriani Hermita Sadeli, Fernianda Rahayu Hermiatin
pages: 502-510 ' Full text K DOI:10.18517/ijaseit.9.2.7702

Identification of Prospective Product for the Development of Integrated Coconut Agroindustry in
Indonesia

Hermiza Mardesci, - Santosa, Novizar Nazir, Rika Ampuh Hadiguna
pages: 511-517 :Eu_}_l__?e__x_t_‘ DOI:10.18517/ijaseit.9.2.7172

The Combination of Piper Caninum Blume Leaf Extract and Compost Fertilizer for Pressing Blast
Disease and Improving Growth of Bali Red Rice (Oryza Sativa Linn)

Ni Luh Suriani, Anak Agung Ketut Darmadi, Ni Made Susun Parwanayoni, Mohamad Hasnul Naim Abd
Hamid, Bohari M Yamin
pages: 518-525 Full text K DOI:10.18517/ijaseit.9.2.7449

Effectiveness of Ceramics Water Filter Pots with Addition of Silver Nitrate to Reduce of Escherichia Coli
Contents

Dwi Rustam Kendarto, Adnan Mulyawan, Sophia Dwiratna NP, Nurpilihan Bafdal, Edi Suryadi
pages: 526-531 Full ti_.e.x.ﬁ.i DOI:10.18517/ijaseit.9.2.7142

Microencapsulation of Lactobacillus acidophilus with Freeze Drying Method and Application to Synbiotic
Beverage of Banana Corm Stone

Debby Moody Sumanti, In in Hanidah, Indira Lanti Kayaputri, Tita Rialita, Een Sukarminah, Raisha Audina
Prameswari Zakaria
pages: 532-537 Full t__'efx_t__j DOI:10.18517/ijaseit.9.2.7903

A Feature Extractor IC for Acoustic Emission Non-destructive Testing

Daniele Giardino, Marco Matta, Sergio Spano
pages: 538-543 Full text DOI:10.18517/ijaseit.9.2.8281

Artificial Neural Network Based Fault Diagnosis of a Pulley-Belt Rotating System

Alaa Abdulhady Jaber, Khalid Mohsin Ali
pages: 544-551 'rull text DOI:10.18517/jjaseit.9.2.7426

Logical Approach: Consistency Rules between Activity Diagram and Class Diagram

Noraini Sulaiman, Sharifah Sakinah Syed Ahmad, Sabrina Ahmad
pages: 552-559 iFull texti DOI:10.18517/ijaseit.9.2.7581



Effect of Heat Treatment Process on The Microstructure and Mechanical Properties of The Spray Coating
Ni-Cr on CT38 Steel

Anh Tuan Hoang, Thi Thanh Van Tran, Van Bach Nguyen, Duong Nam Nguyen
pages: 560-568 Full text K DOI:10.18517/ijaseit.9.2.7891

Towards Neuro-Inspired Electronic Oscillators Based on The Dynamical Relaying Mechanism

Gianluca Susi, Simone Acciarito, Teodoro Pascual, Alessandro Cristini, Fernando Maestu
pages: 569-574 'Full text DOI:10.18517/jjaseit.9.2.8347

Fuzzy Automaton as a Detection Mechanism for the Multi-Step Attack

Mohammad Almseidin, Imre Piller, Mouhammd Al-Kasassbeh, Szilveszter Kovacs
pages: 575-586 Full texti DOI:10.18517/ijaseit.9.2.7591

Automatic Cluster-oriented Seismicity Prediction Analysis of Earthquake Data Distribution in Indonesia

Ali Ridho Barakbah, Tri Harsono, Amang Sudarsono
pages: 587-593 'Full text: DOI:10.18517/ijaseit.9.2.7269

The Mid Miocene Climatic Optimum (MMCO) Indication at Low Latitude Sediment Case Study: The
Miocene Cibulakan Formation, Bogor Basin, Indonesia

Rubiyanto Kapid, Wahyu Dwijo Santoso, Ben lkhsan, Moehammad Ali Jambak, Dasapta Erwin Irawan
pages: 594-600 Full text DOI:10.18517/ijaseit.9.2.7573

Relationship between Mathematical Parameters of Modified Van der Pol Oscillator Model and ECG
Morphological Features

Francesca Silvestri, Simone Acciarito, Gauray Mani Khanal
pages: 601-608 'Full text DOI:10.18517/jjaseit.9.2.8296

Backpropagation Neural Network Based on Local Search Strategy and Enhanced Multi-objective
Evolutionary Algorithm for Breast Cancer Diagnosis

Ashraf Osman Ibrahim, Siti Mariyam Shamsuddin, Abdulrazak Yahya Saleh, Ali Ahmed, Mohd Arfian Ismail,
Shahreen Kasim
pages: 609-615 'rull text DOI:10.18517/jjaseit.9.2.4986

Ambar: A Competence-Evaluating System for Preschool Children

Elena Fabiola Ruiz Ledesma, Laura Ivoone Garay Jiménez, Chadwick Carreto Arellano
pages: 616-623 Full t__e_x_t__j DOI:10.18517/ijaseit.9.2.8232

The Effect of Augmented Reality on Spatial Visualization Ability of Elementary School Student
Danakorn Nincarean A/L Eh Phon, Mohd Hishamuddin Abdul Rahman, Nur Ichsan Utama, Mohamad Bilal

Ali, Noor Dayana Abd Halim, Shahreen Kasim
pages: 624-629 Full text K DOI:10.18517/ijaseit.9.2.4971

A Supportive Tool for Project Based Learning and Laboratory Based Education
Irwan Alnarus Kautsar, Riyanarto Sarno
pages: 630-639 'Full text DOI:10.18517/jaseit.9.2.7067
On Tackling Real-Life Optimization Problems
Nadia Abd-Alsabour
pages: 640-647 'Full text DOI:10.18517/jaseit.9.2.7824

Approaching CDIO to Innovate the Training Program for Seafarers to Meet the Requirements of the
Industrial Revolution 4.0

Tien Quoc Le
pages: 648-655 Full text: DOI:10.18517/ijaseit.9.2.8248

Research and Design an Experimental Model for the Determination of Deposits Formation Mechanism in
the Combustion Chamber

Van Viet Pham
pages: 656-663 Full text DOI:10.18517/ijaseit.9.2.8361

An Improved Multi-layer Cooperation Routing in Visual Sensor Network for Energy Minimization

Arif Ullah, Nazri Mohd Nawi, Muhammad Aamir, Asim Shazad, Sundas Naqeeb Faisal
pages: 664-670 Full texti DOI:10.18517/ijaseit.9.2.2957

Design of Energy Harvester Module with a Low RF Power Input for UHF RFID Tag


iM13

iM13


Ula Grace Rosyidah, Trio Adiono, Suksmandhira Harimurti, Amy Hamidah Salman
pages: 671-676 'Full text DOI:10.18517/ijaseit.9.2.6506

Roberto Ammendola, Pierpaolo Loreti
pages: 677684 'Full text  DOI:10.18517/jaseit.9.2.8308

Hybrid Preprocessing Method for Support Vector Machine for Classification of Imbalanced Cerebral
Infarction Datasets

Zuherman Rustam, Dea A. Utami, Rahmat Hidayat, Jacub Pandelaki, Widyo A. Nugroho
pages: 685-691 'Full text DOI:10.18517/ijaseit.9.2.8615

Analysing and Visualizing Tweets for U.S. President Popularity

Ernesto De Luca, Francesca Fallucchi, Romeo Giuliano, Giuseppe Incarnato, Franco Mazzenga
pages: 692-699 Full ﬁ.e.x.ﬁ.i DOI:10.18517/ijaseit.9.2.8284

High-Quality Wavelets Features Extraction for Handwritten Arabic Numerals Recognition

M. Suhail Akhtar, Hammad A. Qureshi, Hani Al-Quhayz
pages: 700-710 jE_\;l_l__ t__'efx_t__j DOI:10.18517/ijaseit.9.2.6809

Sense of Presence and Learning Satisfaction among Students of Different Age Groups in a 3-D Virtual
World

Mohd Hishamuddin Abdul Rahman, Danakorn Nincarean Eh Phon, Nur Ichsan Utama, Noraffandy Yahaya,
Noor Dayana Abd Halim, Shahreen Kasim
pages: 711-716 'Full text DOI:10.18517/ijaseit.9.2.4972

Development of Production Creativity among Craftsmen by Identifying Techniques for Characterizing
Coconut Waste

D Dumasari, Wayan Darmawan, Achmad Iqbal, Budi Dharmawan, Imam Santosa
pages: 717-723 'Full text DOI:10.18517/ijaseit.9.2.5871

Effect of Rare Earth on M7C3 Eutectic Carbide in 13% Chromium Alloy Cast Iron

Hoang Thi Ngoc Quyen, Vu Anh Tuan, Tran Phap Dong, Vu Viet Quyen, Nguyen Duong Nam
pages: 724-728 Full texti DOI:10.18517/ijaseit.9.2.8249

Removal of Cadmium Chloride from Contaminated Residual Soil using Carbon Nanotubes (CNTs)

Rika Nuraini, Mohd. Raihan Taha, Noor Ezlin Ahmad Basri
pages: 729-734 'Full text DOI:10.18517/ijaseit.9.2.8614


iM13


International Journal on Vol.9 (2019) No. 2
. :2 -

Advanced Science 155N 2088-3334

Engineerin

Information Technology

On Tackling Real-Life Optimization Problems
Nadia Abd-Alsabour”

* Cairo University, Cairo, Egypt
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Abstract—Most real-world applications are concerned with minimizing or maximizing some quantity so as to enhance some result.
This emphasizes the importance of optimization and subsequently the significance of the optimization methods that are able to tackle
these real-life optimization problems. There are a number of practical reasons for which traditional optimization and exhaustive
algorithms cannot deal with a variety of these real-life optimization applications although there are numerous optimization problems
that can benefit from applying these traditional optimization algorithms to handle them. Therefore, their is a need for propsong new
optimization algorithms (such as nature inspired optimization methods) and optimize the capabilities of the existing ones (such as
hybridization and parallelization) as well. This paper investigates the most recent optimization directions for dealing with the real-life
optimization problems with an application to one of the most common and important optimization problems in a variety of financial
fields and other fields which is the portfolio optimization problem since it is considered one of the most crucial problems in the
modern financial management and has a variety of applications such as asset management and building strategic asset allocation. The
computational results were got utilizing benchmark data from the OR library with the use of modern optimization algorithms. In
addition, the article highlights the differences and similarities among the utilized optimization methods. In addition, recent
advancements to the utilized optimization methods are highlighted.

Keywords—real-world problems; nature-inspired algorithms; differential evolution (DE); particle swarm optimization (PSO).

among all conceivable ones without ensuring discovering the
I. INTRODUCTION best one. Consequently they get roughly close results.

When utilizing a heuristic method for tackling an
optimization problem, it is required to tell whether the ideal
solution convergence will take place in the closest future
(will the present solution get closer to the best one?) or will
always be a gap to the best solution? [4].

Metaheuristics are not problem-specific and are
approximate strategies that guide the search procedure to
efficiently investigate the search space. They get within
acceptable time satisfying solution rather than ensuring
discovering the best one [5].

A good instance of modern metaheuristics is nature-
inspired optimization methods that are a set of novel
algorithms whose ideas are motivated from nature. This is
because there has been a common belief that nature provides
optimal results for a variety of complicated problems. Ideas
and concepts existed in nature have been studied in order to
propose algorithms that simulating these ideas and concepts
and can handle successfully these difficult problems. Nature-
inspired optimization methods have successfully handled a
variety of real-life optimization problems. Therefore, they
have attracted considerable attention from numerous
researchers from a variety of domains. Examples are
evolutionary and swarm intelligence methods [2], [6].

While there are numerous optimization problems that can
benefit from applying traditional optimization algorithms to
handle them, there is a number of practical reasons behind
which these methods cannot deal with a variety of real-life
applications. These methods are mostly local search ones
that can not ensure getting the global optimum (except when
handling convex and linear problems). This is because their
outcomes are on the basis of the initial starting points [1].

Besides, exhaustive algorithms (looking through all of the
conceivable solutions) are usually time-consuming and
hence intractable. This is because it has been proven that
they are not appropriate for tackling complex and large
optimization problems such as real-life ones as they do not
get optimal results in a reasonable time [2]-[3].

This has motivated the advancement of recent heuristic
optimization algorithms (such as recent evolutionary
algorithms such as differential evolution) and new features
to the current ones (such as hybridization and parallelization).

Heuristic search refers to the possibility of making some
smart decisions without considering the whole picture but on
the basis of the minimum given information. The term
heuristic is utilized for the methods that discover solutions
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Abstract— The Three Dimensional Fast Fourier Transform (3D-FFT) is commonly used to solve the partial differential equations
describing the system evolution in several physical phenomena, such as the motion of viscous fluids described by the Navier—Stokes
equations. Simulation of such problems requires the use of a parallel High-Performance Computing architecture since the size of the
problem grows with the cube of the FFT size, and the representation of the single point comprises several double precision floating-
point complex numbers. Modern High-Performance Computing (HPC) systems are considering the inclusion of FPGAs as
components of this computing architecture because they can combine effective hardware acceleration capabilities and dedicated
communication facilities. Furthermore, the network topology can be optimized for the specific calculation that the cluster must
perform, especially in the case of algorithms limited by the data exchange delay between the processors. In this paper, we explore an
HPC design that uses FPGA accelerators to compute the 3DFFT. We devise a scalable FFT engine based on a custom radix-2 double-
precision core that is used to implement the Decimation in Frequency version of the Cooley—-Tukey FFT algorithm. The FFT engine
can be adapted to different technology constraints and networking topologies by adjusting the number of cores and configuration
parameters in order to minimize the overall calculation time. We compare the various possible configurations with the technological
limits of available hardware. Finally, we evaluate the bandwidth required for continuous FFT execution in the APEnet toroidal mesh
network.

Keywords— 3D-FFT; FPGA; high-performance computing; cluster.

distributed tasks in computer clusters effectively. An actual
I. INTRODUCTION example is Microsoft Catapult [16], a data center able to act
as an HPC system thanks to the introduction of FPGA
accelerators. In this context, FPGAs also allows optimizing
the data exchange among the hardware acceleration modules
thanks to the direct connections supported by the network
controllers which are integrated into the programmable
hardware.

Continuous demand for efficient computing power is
pushing designers into integrating dedicated hardware
components in High-Performance Computing (HPC)
architectures to improve computational efficiency. General-
purpose CPUs can delegate specific tasks to the hardware
accelerator decreasing the latency of computationally
demanding task such as the training of neural networks [1]- A. FFT for simulations
[4], video or audio processing [5]-[8], environmental
forecasting [9]-[11], security algorithms [12], automotive
applications [13], etc. In other scenarios, hardware
accelerators are used to reduce system power consumption
[14]-[15].

Modern HPC systems are evaluating the inclusion of
FPGAs as components of their system architectures because
they can combine effective hardware acceleration
capabilities and dedicated communication facilities in a
single device. The resulting design is suitable to execute

A widely used algorithm in the simulations of physical
phenomena is the Multidimensional FFT and in particular
the 3D FFT [17] that are employed in solving the partial
differential equations of physical models, such as the
Navier—Stokes equations that describe the motion of viscous
fluids [18] or Newtonian mechanics equations of Molecular
Dynamics [19]. Simulation of such problems requires the
use of HPC since the size of the problem grows rapidly and
this is mainly due to three reasons:
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Abstract— This paper presents the current development supportive tool for both lecturers and students that conduct Project Based
Learning (PBL) and Lab Based Education (LBE) on Higher Education Institution (HEI). For PBL and LBE implementations,
lecturer needs to monitor, evaluate the learning process. And, students need to publish the learning outcomes in the public domain. In
this research, we propose the supportive tool that will be used by lecturer which is taught on different academic courses. Also, the
proposed supportive tool had designed to used by the student as a particular group. These groups were formed of the student from
several academic courses that supervises by the same lecturer. The developed supportive tool are microframework based which mean
it could be implemented on mini devices. The current development supportive tool could be an alternative software assistant that
support lecturer to implement Project Based Learning (PBL) and Lab Based Education (LBE). The developed supportive tool has
been introduced to 135 students and 16 lecturers as a participant to evaluate the system usability. The results from the questionnaire
show more than 90% of users state the benefit of the use supportive tool. Also from analyzing Log metric, users on average complete a
designated task in just less than 5 minutes. It indicates that the developed supportive tool is easy to use and shows the effectiveness of
the developed supportive tools.

Keywords— supportive tool; Project Based Learning; Laboratory Based Education; PBL; LBE.

but also scores and publishes learning results on the public
I. INTRODUCTION domain. From our previous research, we present Lecturer
Based Supportive Tools (LBST) which enable lecturers to
create learning content through a web-based application that
can be accessed in online and offline condition (no need
internet connection) [10]. And, it presents interoperability
between the existing Learning Management System (LMS)
and the developed supportive tool using service-based
architecture [11]-[13]. As an addition, this paper proposed a
supportive tool that supports lecturers to implement Project
Based Learning (PBL) and Lab Based Educations (LBE).

With the era of the Industry 4.0 revolution, Higher
Education Institutions will have been challenging to provide
experience to its student for having skill and knowledge to
solve world reality problem in a digital manner [1]-[4]. The
need for skill and knowledge in Industry 4.0 era is an ability
to design a system to preserve vast amount data from digital
products and made it (machine) to learn the future needs
(automation) [5], [6].

The implementation of Project Based Learning (PBL) in
an academic course could be as a solution to give the student

experience to working as a team and having the experience II. MATERIAL AND METHOD

to involve on some IT projects or develop an applications [7]. In this section, we will provide a brief explanation of

As a complement to the success of Laboratory-Based Project Based Learning and Laboratory Based Education.
Education that implemented on mostly University in Japan Also, we present the use of Microframework as development
show that shifting conventional academic course (face to method and the proposed architecture.

face model in the academic course) to peer teaching that

could be as a solution to increase research publications [8], A. Project Based Learning

[9]. For implementing both learning methods in the daily Project Based Learning (PBL) is a learning model that
academic courses, the lecturers need to be assisted by the encourage students as a learner to solve real-world problems
supportive tool that not only monitors the learning process by applying the knowledge and the skill from academic
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course [7], [9], [14]. For the PBL experience, we deliver an
assignment to all students to make software with topics: ”A
Software As Service for College Students”. In short, all
software that will be proposed by students as their final
project are software that needed by students itself in order to
support their academic activities. Furthermore, students also
required to publish a final report, presentation, and poster
according to the proposed software.

B. Laboratory Based Education

The goal of Laboratory-Based Education is to provide
student as a learner for having self-centered learning [8]. The
idea is to give a student a laboratory environment that
student could direct access and start research as soon as
possible. The key in Laboratory-Based Education is a peer
teaching. The faculty member only helps undergraduate
students when there is a problem that could not be solved by
postgraduate students. This pyramid role of the LBE is
illustrated in the Fig. 1.

Faculty
Member

Post-Doc Researchers

< >

Peer Teaching
Fig. 1 LBE Pyramid of Peer Teaching

From Fig. 1, the undergraduate students, the graduate
student and the post doctoral researcher are learning
together with their peers. A faculty member only
helps/supervise when needed. LBE is targeting students not
only an expertise in their fields, but also developing soft skill
such as communication, management, cooperativeness and
leadership.

C. Experimental Methods

The experiments have been conducted at Informatics
Department, Faculty of Engineering, Universitas
Muhammadiyah Sidoarjo and held on Academic Year
2017/2018.

TABLE I

CLASSROOM IMPLEMENTATION FOR LBE AND PBL EXPERIMENTS
Class Code Class Name
HCI-8A3 Human Computer Interaction (HCI) (8th
HCI-8B4 Semester)
ADSI-6A1 Analysis and Design Information Systems
ADSI-6A2 (ADSI) (6th Semester)
SI-4A3 Information System (IS) (4th Semester)
SI-4A4
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Next, for the implementation of Lab Based Education
(LBE), we obligate to each class to finding a partner from
designated class. From 6 class groups, we divide into two
main groups which are class code with an odd number and
class code with an even number. Table 1 shows 6 classes
groups in which the experiment have been conducted.

Also, we set rules that 8th-semester main task is to
develop UX/UI design (as the implementation of their HCI
courses). The main task of 6th-semester students is to design
the complete diagram (as the implementation of their ADSI
courses). The main task of 4th-semester students is software
prototyping that based on the UX/UI design and the
development diagram as the implementation of their IS
courses. The pyramid of designated class that experimenting
LBE shown on the Fig. 2.

HCI-8B4 HCI-8A3

ADSI-6A2
Sl-4A4

ADSI-6A1
SI-4A3

Fig. 2 Classroom implementation of LBE and PBL experiments

D. Development Method

In early-stage supportive tool development, we had
implemented rapid prototyping using Google Design Sprint
(GDS) [15]. The key in DS are answering main features (or
from original GDS definition called the business questions)
through design, build prototype, and test it with user. The
GDS methodology itself is inline with six phases:
Understand, Define, Sketch, Decide and Validate.

To build the prototype, Flask Microframework has chosen
for developing the proposed supportive tool [16]. As python
based microframework, the developed supportive tool could
serve as a web server. With running a single python script, it
can be run independently as web application without hosted
at the web server. This mean, the lecturer could use the
developed supportive tool directly and no need to install
Apache/Nginx web server.

Flask is adapting MVC (Model-View-Controller)
framework that separate application layer and presentation
layer. This mean, the *.py file and *html file is in the
different directory. The MVC model is suitable for future
developments. Because of its separate database, control layer,
and presentation layer. Fig. 3 shown the directory structure
of web-based application using Flask MVC. All the database
definition (as a Model) and the routing as the Controller are
written in app.py. The static directory contains all static file
such as *js, *.css. And the templates directory is the
directory to store *.html files as a View part from MVC
framework.
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Fig. 3 MVC Model Directory on Flask Microframework

All request from the client will be routed according to the
designated URL that configured in *.py files. For an
example, we have index.html and hello.html in the templates
directory:

1) Example index.html.

<!DOCTYPE html>
<html>
<head>
<title>Suppotive
Tool</title>
</head>
<body>
<hl>Server Status:</hl>
<p>Ready!</p>
</body>
</html>

2) Example hello .html

<!DOCTYPE html>
<html>
<head>
<title>Suppotive
Tool</title>
</head>
<body>
<h2>Welcome {{user}}</h2>
</body>
</html>

To configure the request from the client, it uses “route()”
decorator. To route the request and view the targeted HTML,
the URL needs to be registered in “@app.route”. For an
example, when it needs to set up the index (main page) to
access index.html, it uses the scripts as shown at Fig. 4.

4a» app.py

flask Flask, render_template

app - Flask(__name__)
5 (@app.route('/')
def index():
render_template('index.html')

app.route('/hello/<user>"')
def hello(user):
render_template('hello.html', user-user)

__name__ __main__"':
app.run(

J host="0.0.0.0"
)

Fig. 4 Example “.py” file as main application

From the above script, line 5 to 7 are used to route all
request when need access an index homepage (top level
directory of its web application). Line 9 to 11 are used to
response a request from URL: http://domain/hello/paramater.
At line 9 to 11, it is shown that the designated URL could
give a parameter.

To start the server, the user need to execute main “.py”
file. If “.py” file from Fig. 4 has executed, Fig. 5 shown the
WSGI server is ready to accept a request.

(13-0) iM13s-iMac:app baksosolo$ python app.py
* Serving Flask app "app" (lazy loading)
* Environment: production

* Debug mode: off

* Running on http://0.0.0.0:5000/ (Press CTRL+C to quit)

Fig. 5 WSGI server has been activated

By default, WSGI using port 5000 to serve its web
requests. At local access, a user can request by accessing
“http://localhost:5000/” (as shown at the Fig. 6).

® [} Suppotive Tool X -+

< C @ localhost:5000 *

Server Status:

Ready!

Fig. 6 Response from the WSGI server

If user access “http://localhost:5000/hello/Alice”, the
server will recognize the parameter after ‘“/hello”, as
configured in “app.py” (Fig. 4). The WSGI will respond
“hello.html” as shown at Fig. 7.
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Fig. 7 Response from the WSGI server with parameter

With the above methods, it will be easier to design and
implement a user requirement that needs to be developed in
the proposed supportive tool.

E. User Interactions

The prospective user for the developed supportive tool is
lecturers, student as the project manager and students as a
team member. The interactions of the user and developed
supportive tool are described in the Fig. 8.

Invite Project
Manager

View Progress
Report

Post Information

Grade Final
Project

View Final
Project

Lecturer

Rate Final
Project

Team Member

Invite Team
Member

Entry Progress
Report
Input Project
Description

Upload Final
Report

Project MaRagel

Upload
presentation
files

Upload Poster

Fig. 8 User interaction diagram on the proposed supportive tooler

The prospective user for the developed supportive tool is
lecturers, student The students had been provided with many
features. From Fig. 8, The final project materials are
uploaded by a student with project manager level access.
And a student with no level access can view, download, and
uploaded final project where not only from their groups but
also from other groups.

F. Proposed Architecture

To adapt bandwidth limitation that might happen during
implementation, the proposed supportive tool will be
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developed into two versions. First, it will develop for self-
hosting or deploy on the low-end machine. Second, it will
develop into a server machine as usual. Both versions are
using Flask. The differences are the database engine being
used. For the self-hosted version using SQLite and for server
machine using MySQL. Another differences are the
developed supportive for server machine is provided by Web
Service using Flask-REST API. The architecture of the
current development supportive tool is shown in the Fig. 9.

Flask

uWSGl

Nginx
MySQL

Bootstrap
CSS

SQLite
Bootstrap
CSS

Self-Hosted

Fig. 9 User interaction diagram on the proposed supportive tool

Hosted on Server

III. RESULTS AND DISCUSSION

A. Supportive Tools For Lecturer

Any tools that assist learner while learning the process
and track the achievement could be labeled as a ePortfolio.
The ePortfolio also used as storage system on any learning
model that evidence-based as the results. even though the
current developed supportive tool main feature is similar to
evidence collection, the proposed supportive tool main
feature is not only assisting a student to submit and publish
their final project but also designated for lecturers to track
the process when final project was conducted by many
groups of students.

To use the supportive tools, lecturers only need to send an
invitation through email to one of an appointed group
member as their Project Manager (PM). In these experiments,
we use the existing Google Mail Account to send the
invitations and Flask-Mail module to sent email over SMTP.

After lecturers send the invitations, a PM should activate
the link and start to add the group member. Other features
that provide in lecturers dashboard are Post Information,
View Progress Report, and Grading Page. The activity
diagram of lecturers as a user shown on the Fig. 10.

Lecturers also provide with invitation status of the PM.
After PM accept the invitation, it will notify lecturer that PM
account has been activated. Fig. 11 shown the PM account
that has been activated or not.
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Fig. 10 Lecturer activity diagram

EMAIL INVITATION TIME STATUS

I@gmail com 23-07-201819:

Fig. 11 Account activation status of students as the project manager

B. Progress Report

The key success of the PBL and LBE implementations are
lecturer roles in monitoring the learning process. To address
these need, the current development supportive tool provides
Progress Report Form where students obligated to input it in
every week. Fig. 12 shows progress report table that has
been inputted by students.
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PROGRESS REPORT

#  WEEK

ACTIVITY

Fig. 12 Progress report inputted by students

C. Log Report

Lecturers have been provided not only the information
about progress report from each team but also the log
information that can be accessed by lecturer only. By using
the log, its hopes to help lecturers could analyze the learning
process.

Form log itself, it stores the log with the value of URL
Address that has been accessed, the timestamp of the
accessed page and the IP address. To make these possible, it
needs to insert a log table every each request which is
different routes that have configured from .py files. As a
result, a full activity from a user has been logged. Fig. 13
show an example log result.

¢ ¢ Onotseae =) v es

' Log List
LogID  Activities Time Stamps User P

| 197 Login Success 06-09-2018 1618:37 [T 14 133
18 INDEX 0609208161837 i@ o3
196 Ir 06-09-20181618:30 GUEST 140006 33
195 INDEX 06-09-2018 1618:26 GUEST 141 133
4 INDEX 0109208205326 GUEST 1397897105
193 INDEX 31-08-2018 16:09:30 GUEST N2.21423105
1 /home 30.082018140530 | 139127105
91 INDEX 30-08-2018 14:0527 in 139198487105
B0 o save: cmm—g 371535612652 0082008140438 i ] 13917105
189 [city 30-08-201814:0419 d 139192127105
188 falaniat pengivien., SPtemp-37-1535612652 NEW 30-08-2018 14:04:12 i 13915827105
w7 frem 1008208140410 Iommmmse 139108327105
186 INDEX 30-08-2018 14:03:42 iy | il 139197105
B  INDEX 0082008140376 GUEST T22mmg6

Fig. 13 Log of user activities

The log from user interaction will be useful for meta-
analysis as part of post-production evaluation. The
exploration of the log-based metric can complete and
validate the usability evaluation conducted by interview or
questionnaire [17], [18].

D. Project Publishing

As a result of Project Based Learning, students need to
publish their final project in the public domain. This mean,
the developed supportive tool need to provide an input form
which enables students to input the project detail/description,
the project repository. Fig. 14 showing the form to input
project description.
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Fig. 14 Project description form
Also, as a result of Lab Based Education activities, the

developed supportive tool need to provide an unloading
mechanism for store final report, presentation and poster in
digital formats. Fig. 15 shows the input form for uploading
the digital documents.

UPLOAD DOCUMENTS

FINAL REPORT (PDF)

File : yellow,pdf

Choose File No file chosen

PRESENTATION (PDF)

File : greenpdf

Choose File  No file chosen

POSTER (.PNG/.JPG/.JPEG. SIZE: 842 X 1191 PIXELS)

File : CoFNCQAAQBADjpeg

Choose File  No file chosen

Fig. 15 Form for upload final report, presentation and poster

After students have been finished to uploads the
document, the uploaded documents will be accessible to the
public. Fig 16 shown the front page of the developed
supportive tool.

E. Lecturer Grading

When students have been finished to publish their final
reports, presentations and posters, it is time for lecturers to
give an evaluations. Because of each groups consist of
different students from different class, lecturers need to be
provided with one single form entry to give a score to whole
team member. Fig. 17 shown an example process evaluation
for one of student groups.
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Fig. 17 Scoring form for each groups
F. Supportive Tool Deployment

1) Self Hosted

The use of Microframework brings other advantages. The
developed supportive tool application size is less than 20
MB. This made possible to deploy it at the mini device. The
term mini device is a hand on carrying pc board that helps
lecturers mobility to use the supportive tool in the different
classroom.

In these experiments, the proposed supportive tool has
been deployed at the APC board and connect it into the
access point. Fig. 18 show the network topology and the
supportive tool deployment to the APC Board.
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Fig. 18 Self hosted deployment of developed supportive tool

By default, the Werkzeug module used by Flask as
request handler, it can only serve one request only. Because
the Werkzeug is designed to only development model [19].
To hosted on the mini device or other machine and serve
many requests, it needs to use uWSGI as request handler
[20]. To start using uWSGI, it needs "wsgi.py" file that
imports an “app”’. The wsgi.py should be as in Fig. 19:

1 from modul name import app
2 if _ name == "
3 app.run()

__main__":

Fig. 19 An example of wsgi.py

A “module_name” is the name of the .py file as the main
program. To start a server, it needs to execute the command
in Fig 20.

uwsgi --socket 0.0.0.0:5000

wsgi:app

—--protocol=http -

Fig. 20 The uWSGI command to start a server

With the above command, the proposed supportive tool
can be accessed from “http://server_IP_address:5000”.

2) Hosted on Machine Server

In this experiments, developed supportive tool will be
deployed on a server with Ubuntu 14.04 as operating system
and Nginx as the web server.

Even though it uses Nginx as the default web server, it
needs to configure Nginx to pass a request to application
socket using uwsgi protocol. The configuration starts with
creating a “.ini” file in the project directory to activate the
uWSGI. Example of “.ini” files is in the Fig. 21.
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[uwsgi]

module = wsgi
master = true
processes = 5

socket = app.sock
chmod-socket = 660
vacuum = true

Fig. 21 Example uwsgi.ini for uWSGI configuration

Next, it needs to create an upstart script to start the
uWSGI. The upstart script will allow operating system init
system to automatically start uWSGI and serve the Flask
application whenever the server machine boots. The upstart
script needs to save in “conf’ format at
“/etc/init/projectname.conf”’. Example of the upstart file is in
Fig. 22.

start on runlevel [2345]
stop on runlevel [!2345]

setuid username
setgid www-data

env
PATH=/home/username/projectname/projectenv/bin
chdir /home/username/projectname

exec uwsgi --ini projectname.ini

Fig. 22 Example “.conf” in Nginx as upstart file

The final part of server machine configuration is to create
server block and order Nginx to listen on the port 80 and use
this block for incoming requests to our server's domain name
or IP address.

The configuration is done by creating “.conf” and saved
on “/etc/nginx/conf.d/projectname.conf’. Example server
block that needs to be configured on the Nginx web server
shown at Fig. 23.

server {
listen 80;
server_name domain.ourserver.com;

location / {
include uwsgi_params;
uwsgi_pass
unix:/home/username/projectname/projectname.soc
k;
}
}

Fig. 23 Nginx server block for domain configuration

From the above configuration, the developed supportive
tool can be accessed directly by both lecturer and students
from his/her mobile device. Because it was installed on a
mini device and some Access Point (AP), all user need to
connect their device with the access point.

G. Usability Evaluation and Log Metrics

Usability Evaluation is described as the measurement to
which a product can be easily used by targeted users with
efficiency and satisfaction to achieve certain objectives. To
explore user satisfaction, an interview and a certain



experiment being conducted by 135 students and 16 lecturers
as a participant.

During the experimental session, students were asked to
finish several tasks as mentioned in Fig. 8 as the simulation
of the use of the developed supportive tool with student level
access. Lecturer as a participant also requested to finish
several activities as mentioned in Fig. 10 as the simulation of
the use of the developed supportive tool with lecturer level
access. After finished the experiments, both lecturers and
student are interviewed and asked to fill the questionnaire.
Table II has shown the question that given to students.

The experiments had conducted within a laboratory where
the participants use the supportive tool which installed in
local machine server that available in the laboratory. To
measure the effectiveness and difficulties, we analyzed the
timestamp from the Log creation when participants were
asked to accomplished the certain task as part of the
experiments.

TABLE II
STUDENT QUESTIONNARE

Question

1 | Before implementation of PBL-LBE class model I
experience paper-based assignment (yes/no/not sure)

2 | I prefer paperless assignment (yes/no/not sure)

3 | The benefit using supportive tool for uploading final
project material :

A. I can upload the final project materials at times
convenient to me

B. No extra cost for report final project

C. I like to know other groups final project

D.Ichoose A, B, C

E. I failed to see the benefit of using supportive tool

4 | The interface of the supportive tool is easy to use
(yes/no/not sure)

5 | The error message was given by system (yes/no/not sure)
6 | The supportive tools enable me to interact with other
groups asynchronously (yes/no/not sure)

7 | I become productive using the supportive tool (yes/no/not
sure)

8 | Knowing some group ideas and mockups, I felt need to
collaborate with the group to develop the application to
more mature version (yes/no/not sure)

9 | Other groups ideas and mockups in their final report help
me find a topic for my undergraduate final project
(yes/no/not sure)

I would like to continue using proposed supportive tool
on next semester (yes/no/not sure)

10

As results, students mostly opted “Yes” in question 1,24
until 10. Fig. 24 shown the dominance of opted Yes in the
student's questionnaire.

For question 3 from the student's questionnaire, 90% of
students opted A, B, C which shown the benefit of the use
supportive tool in order to support the submitting final
project materials. Fig. 25 show the percentage of question 3
from the student questionnaire.
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Fig. 24 Students rensponses from question 1,2,4 until 10
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3%
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. & 4%
Question 3
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90%
Fig. 25 Students rensponses from question 3
TABLE III
LECTURE QUESTIONNARE
No Question

1 | I always experience scoring students report with a paper-
based assignment (yes/no/not sure)

2 | I prefer to check students assignment in a paperless
manner (yes/no/not sure)

3 | The benefit using supportive tool check students final
project material :

A. 1 can check the final project materials at times
convenient to me

B. I could know the progress report while students finish
their final projects

C.Both A and B

D. I failed to see the benefit of using supportive tool

4 | The interface of the supportive tool is easy to use
(yes/no/not sure)

5 | The error message was given by the system (yes/no/not
sure)

6 | The supportive tools enable me to interact with students
asynchronously (yes/no/not sure)

7 | Ibecome productive using the supportive tool (yes/no/not

sure)

As the results of the lecturer’s experiments, lecturers also
mostly opted “Yes” in question 1,2,4 until 10. Fig. 26 shown



the dominancies “Yes” in the lecturer's
questionnaire.

For question 3 at the lecturer’s questionnaire, 90%
lectures opted C which shown the benefit of the use
supportive tool in order to check and see the progress report
of the submitted final project materials. Fig. 27 shown the

percentage of Question 3 from the lecturer’s questionnare.

of opted

W Yes M No Not Sure
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Fig. 26 Lecturer’s rensponses from question 1,2.4 until 10

Option A
—
13%

Option B
/ 6%

Lecturer Questionnare
Question 3

Option C ,
81%

Fig. 27 Lecturer’s rensponses from question 3

Next experiments were analyzed the created log while
participants asked to do several tasks as mentioned in Fig. 8.
Example log created as shown in Fig. 13.

As a result, all students in averages needs only less than 4
minutes to accomplish each given task. Fig. 28 shown the
average time spent while students perform interaction in
with the supportive tools. For lecturers itself, lecturers on
average needs less than 3 minutes to finish each given task.
Average time spent that lecturers need to accomplish the
given task are shown in Fig. 29.

Remembering when there is no tutorial given before the
experiments had conducted, all participants just needs a little
time to accomplish the given task. It indicates that the
developed supportive tool is easy to use and shows the
effectiveness of the developed supportive tools.
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Fig. 28 Average time spent by students as the participant
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Fig. 29 Average time spent by lecturers as the participant

IV.CONCLUSIONS

This paper presents the current development web-based
application used by lecturers as supportive tools for
implement Project Based Learning and Lab Based
Educations. Lecturers can monitor the learning process from
progress report that has been inputted by students. Because
each group is consist of different class groups, lecturers no
need to input manually the score to each student. Lecturers
only need the score for a whole group.

The developed supportive tool can be used by students as
an online portfolio to show their project. Since all final
project, presentation and poster are visible on the public
domain, other students can also view other groups projects
and download the uploaded documents. The developed
supportive tool offer one-stop solution for lecturers that will
implement Project Based Learning and Lab Based Education.
Lecturers no need install blog engine for an announcement,
Learning Management System to track students progress
report and do grading, and ePortfolio to show students
projects. All these features are provided at the developed
supportive tool. From experiments results, the use of
supportive tools has gain beneficial from both students dan
lecturers. The use of supportive tools as an application for
PBL and LBE implementations brought students and
lecturers to build the submitted final project into better



version while they found an interesting project that really
solves real-world problems.

As a result of one academic semester experiment with 6
class groups, we obtain 32 particular groups with 32
particular web-based applications as their final project. This
experiment's results can be useful repositories for next year
academic students. The repository can be used not only as a
reference but also for a hub among students to develop the
final projects into production level applications.
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Abstract— This paper presents the current development supportive tool for both lecturers and students that conduct Project Based
Learning (PBL) and Lab Based Education (LBE) on Higher Education Institution (HEI). For PBL and LBE implementations,
lecturer needs to monitor, evaluate the learning process. And, students need to publish the learning outcomes in the public domain. In
this research, we propose the supportive tool that will be used by lecturer which is taught on different academic courses. Also, the
proposed supportive tool had designed to used by the student as a particular group. These groups were formed of the student from
several academic courses that supervises by the same lecturer. The developed supportive tool are microframework based which mean
it could be implemented on mini devices. The current development supportive tool could be an alternative software assistant that
support lecturer to implement Project Based Learning (PBL) and Lab Based Education (LBE). The developed supportive tool has
been introduced to 135 students and 16 lecturers as a participant to evaluate the system usability. The results from the questionnaire
show more than 90 % of users state the benefit of the use supportive tool. Also from analyzing Log metric, users on average complete a
designated task in just less than 5 minutes. It indicates that the developed supportive tool is easy to use and shows the effectiveness of
the developed supportive tools.
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but also scores and publishes learning results on the public
domain. From our previous research, we present Lecturer
Based Supportive Tools (LBS hich enable lecturers to
create learning content through a web-based application that
can be accessed in online and offline condition (no need
internet connection) [10]. And, it presents interoperability
between the existing Learning Management System (LMS)
and the developed supportive tool using service-based
architecture [11]-[13]. As an addition, this paper proposed a
supportive tool that supports lecturers to implement Project
Based Learning (PBL) and Lab Based Educations (LBE).

P INTRODUCTION

With the era of the Industry 40 revolution, Higher
Education Institutions will have been challenging to provide
experience to its student for having skill and knowledge to
solve world reality problem in a digital manner [1]-[4]. The
need for skill and knowledge in Industry 4.0 era is an ability
to design a system to preserve vast amount data from digital
products and made it (machine) to learn the future needs
(automation) [5], [6].

The implementation of Project Based Learning (PBL) in
an academic course could be as a solution to give the student

experience to working as a team and having the experience p 1. MATERIAL AND METHOD
n

to involve on some IT projects or develop an applications [7].

As a complement to the success of Laboratory-Based
Education that implemented on mostly University in Japan
show that shifting conventional academic course (face to
face model in the academic course) to peer teaching that
could be as a solution to increase research publications [8],
[9]. For implementing both learning methods in the daily
academic courses, the lecturers need to be assisted by the
supportive tool that not only monitors the learning process

this section, we will provide a brief explanation of
Project Based Learning and Laboratory Based Education.
Also, we present the use of Microframework as development
method and the proposed architecture.

A. Project Based Learning

Project Based Learning (PBL) is a learning model that
encourage students as a learner to solve real-world problems
by applying the knowledge and the skill from academic




course [7], [9], [14]. For the PBL experience, we deliver an
assignment to all students to make software with topics: "A
Software As Service for College Students”. In short, all
software that will be proposed by students as their final
project are software that needed by students itself in order to
support their academic activities. Furthermore, students also
required to publish a final report, presentation, and poster
according to the proposed software.

B.ﬁbora tory Based Education

e goal of Laboratory-Based Education is to provide
student as a learner for having self-centered learning [8]. The
idea is to give a student a laboratory environment that
student could direct access and start research as soon as
possible. The key in Laboratory-Based Education is a peer
teaching. The faculty member only helps undergraduate
students when there is a problem that c@Jld not be solved by
postgraduate students. This pyramid role of the LBE is
illustrated in the Fig. 1.

Faculty
Member

Post-Doc Researchers

Graduate Students (Master/Doctor)

4thYear Undergraduate Students

< >

Peer Teaching
Fig. 1 LBE Pyramid of Peer Teaching

From Fig. 1, the undergraduate students, the graduate
student and the post doctoral researcher are learning
together with their peers. A faculty member only
helps/supervise when needed. LBE is targeting students not
only an expertise in their fields, but also developing soft skill
such as communication, management, cooperativeness and
leadership.

C. Experimental Methods

The experiments have been conducted at Informatics
Department, Faculty of Engineering, Universitas
Muhammadiyah Sidoarjo and held on Academic Year
2017/2018.

TABLEI

CLASSROOM IMPLEMENTATION FOR LBE AND PBL EXPERIMENTS
Class Code Class Name
HCI-8A3 Human Computer Interaction (HCI) (8th
HCI-8B4 Semester)
ADSI-6A1 Analysis and Design Information Systems
ADSI-6A2 (ADSI) (6th Semester)
SI-4A3 Information System (IS) (4th Semester)
SI-4A4

Next, for the implementation of Lab Based Education
(LBE), we obligate to each class to finding a partner from
designated class. From 6 class groups, we divide into two
main groups which are class code with an odd number and
class code with an even number. Table 1 shows 6 classes
groups in which the experiment have been conducted.

Also, we set rules that 8th-semester main task is to
develop UX/UI design (as the implementation of their HCI
courses). The main task of 6th-semester students is to design
the complete diagram (as the implementation of their ADSI
courses). The main task of 4th-semester students is software
prototyping that based on the UX/UI design and the
development diagram as the implementation of their IS
courses. The pyramid of designated class that experimenting
LBE shown on the Fig. 2.

HCI-8B4 HCI-8A3

ADSI-6A2
SI-4Ad4

ADSI-6A1
SI-4A3

Fig. 2 Classroom implementation of LBE and PBL experiments

D. Development Method

In early-stage supportive tool development, we had
implemented rapid prototyping using Google Design Sprint
(GDS) [15]. The key in DS are answering main features (or
from original GDS definition called the business questions)
through design, build prototype, and test it with user. The
GDS methodology itself is inline with six phases:
Understand, Define, Sketch, Decide and Validate.

To build the prototype, Flask Microframework has chosen
for developing the proposed supportive tool [16]. As python
based microframework, the developed supportive tool could
serve as a web server. With running a single python script, it
can be run independently as web application without hosted
at the web server. This mean, the lecturer could use the
developed supportive tool directly and no need to install
Apache/Nginx web server.

Flask is adapting MVC (Model-View-Controller)
framework that separate application layer and presentation
layer. This mean, the *.py file and *.html file is in the
different directory. The MVC model is suitable for future
developments. Because of its separate database, control layer,
and presentation layer. Fig. 3 shown the directory structure
of web-based application using Flask MVC. All the database
definition (as a Model) and the routing as the Controller are
written in app.py. The static directory contains all static file
such as *js, *.css. And the templates directory is the
directory to store *html files as a View part from MVC
framework.
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app
static
templates
> index.html

user.htmil
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Fig. 3 MVC Model Directory on Flask Microframework

All request from the client will be routed according to the
designated URL that configured in *.py files. For an
example, we have index.html and hello.html in the templates
directory:

1) Example index . html.

<!DOCTYPE html>
<html>
<head>
<title>Suppotive
Tool</title>
</head>
<body>
<hl>Server Status:</hl>
<p>Ready!</p>
</body>
</html>

2) Example hello html

<!DOCTYPE html>
<html>
<head>
<title>Suppotive
Tool</title>
</head>
<body>
<h2>Welcome {{user}}</h2>
</body>
</html>

To configure the request from the client, it uses “route()”
decorator. To route the request and view the targeted HTML,
the URL needs to be registered in “@app.route”. For an
example, when it needs to set up the index (main page) to
access index.html, it uses the scripts as shown at Fig. 4.

flask Flask, render_template

app - Flask(__name__)

app. route('/"')
def index():
render_template('index.html')

app. route('/hello/<user>')
def hello ):
render_template('hello.html', u

__name__
app.run(

Fig. 4 Example “.py” file as main application

From the above script, line 5 to 7 are used to route all
request when need access an index homepage (top level
directory of its web application). Line 9 to 11 are used to
response a request from URL: http://domain/hello/paramater.
At line 9 to 11, it is shown that the designated URL could
give a parameter.

To start the server, the user need to execute main “py”
file. If “.py” file from Fig. 4 has executed, Fig. 5 shown the
WSGI server is ready to accept a request.

(13-0) iM13s-iMac:app baksosolo$ python app.py
* Serving Flask app “app" (lazy loading)
* Environment: production

* Debug mode: off
* Running on http://0.9.0.0:5000/ (Press CTRL+C to quit)

Fig. 5 WSGI server has been activated

By default, WSGI using port 5000 to serve its web
requests. At local access, a user can request by accessing
“http://localhost:5000/” (as shown at the Fig. 6).

® ® [\ Suppotive Tool x +

< C @ localhost:500( %

Server Status:

Ready!

Fig. 6 Response from the WSGI server

If user access “http://localhost:5000/hello/Alice™, the
server will recognize the parameter after “/hello”, as
configured in “app.py” (Fig. 4). The WSGI will respond
“hello.html” as shown at Fig. 7.
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Fig.7 Response from the WSGI server with parameter

With the above methods, it will be easier to design and
implement a user requirement that needs to be developed in
the proposed supportive tool.

E. User Interactions

The prospective user for the developed supportive tool is
lecturers, student as the project manager and students as a
team member. The interactions of the user and developed
supportive tool are described in the Fig. 8.

Lecturer

Team Member

presentation
files.

Fig. 8 User interaction diagram on the proposed supportive tooler

The prospective user for the developed supportive tool is
lecturers, student The students had been provided with many
features. From Fig. 8, The final project materials are
uploaded by a student with project manager level access.
And a student with no level access can view, download, and
uploaded final project where not only from their groups but
also from other groups.

F. Proposed Architecture
To adapt bandwidth limitation that might happen during
implementation, the proposed supportive tool will be

developed into two versions. First, it will develop for self-
hosting or deploy on the low-end machine. Second, it will
develop into a server machine as usual. Both versions are
using Flask. The differences are the database engine being
used. For the self-hosted version using SQLite and for server
machine using MySQL. Another differences are the
developed supportive for server machine is provided by Web
Service using Flask-REST API. The architecture of the
current development supportive tool is shown in the Fig. 9.

UWSGI

SQLite MySQL
css CSS

Self-Hosted Hosted on Server

Fig. 9 User interaction diagram on the proposed supportive tool

II1. RESULTS AND DISCUSSION

A. Supportive Tools For Lecturer

Any tools that assist learner while learning the process
and track the achievement could be labeled as a ePortfolio.
The ePortfolio also used as storage system on any learning
model that evidence-based as the results. even though the
current developed supportive tool main feature is similar to
evidence collection, the proposed supportive tool main
feature is not only assisting a student to submit and publish
their final project but also designated for lecturers to track
the process when final project was conducted by many
groups of students.

To use the supportive tools, lecturers only need to send an
invitation through email to one of an appointed group
member as their Project Manager (PM). In these experiments,
we use the existing Google Mail Account to send the
invitations and Flask-Mail module to sent email over SMTP.

After lecturers send the invitations, a PM should activate
the link and start to add the group member. Other features
that provide in lecturers dashboard are Post Information,
View Progress Report, and Grading Page. The activity
diagram of lecturers as a user shown on the Fig. 10.

Lecturers also provide with invitation status of the PM.
After PM accept the invitation, it will notify lecturer that PM
account has been activated. Fig. 11 shown the PM account
that has been activated or not.
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Fig. 10 Lecturer activity diagram
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Fig. 11 Account activation status of students as the project manager

B. Progress Report

The key success of the PBL and LBE implementations are
lecturer roles in monitoring the learning process. To address
these need, the current development supportive tool provides
Progress Report Form where students obligated to input it in
every week. Fig. 12 shows progress report table that has
been inputted by students.

PRCORESS MEPORT

s wex seTTy

Fig. 12 Progress report inputted by students

C. Log Report

Lecturers have been provided not only the information
about progress report from each team but also the log
information that can be accessed by lecturer only. By using
the log, its hopes to help lecturers could analyze the learning
process.

Form log itself, it stores the log with the value of URL
Address that has been accessed, the timestamp of the
accessed page and the IP address. To make these possible, it
needs to insert a log table every each request which is
different routes that have configured from .py files. As a
result, a full activity from a user has been logged. Fig. 13
show an example log result.

Log List

LogiD  Activities Time Stamps User P

w Legin Sucoess 06-09-2018 161837 Mg W W33
ne INDEX 06-09-2018 161837 v WL B
e * 0609208 161830 Guest Wbiels
¥ INpex 0603208165826 GUEST po—
W INDEX 01-09-2016 205326 GUEST TS
L INDEX. 51082018 160230 GuesT TR2188008
- /home 30082018 140530 U “—1 TR s
» INDEX 30-08-208 140527 In - TIABEATS
" AR AT S 6 37535612652 30-08-2008 140438 if y Va5
w oty 300820814048 L 3 Va0
88 Blo' ot Premp 37-ISISET652 NEW 3008201814042 =S TS
wr e 0082008140470 Ipm— VAR5
196 INDEX 30082008 140842 i BAB XS
s INoE DBWBULHE  CUEST 2208

Fig. 13 Log of user activities

The log from user interaction will be useful for meta-
analysis as part of post-production evaluation. The
exploration of the log-based metric can complete and
validate the usability evaluation conducted by interview or
questionnaire [17], [18].

D. Project Publishing

As a result of Project Based Learning, students need to
publish their final project in the public domain. This mean,
the developed supportive tool need to provide an input form
which enables students to input the project detail/description,
the project repository. Fig. 14 showing the form to input
project description.




P wuos

Fig. 14 Project description form

Also, as a result of Lab Based Education activities, the
developed supportive tool need to provide an unloading
mechanism for store final report, presentation and poster in
digital formats. Fig. 15 shows the input form for uploading
the digital documents.

UPLDAD DOCUMENTS

FINAL REPORT (POF)
Fie  yefiowpa!

Cvese Fre o o chosen

PRESENTATION (POF)
Fio: greanpat

CrasseFie o fle chosen

POSTER (.PNG/.JPG/.IPEC. SIZE: 842 X 1191 PIXELS)
File: CFNCQAAGEAT [oeg

Caseserre N0 1 chosan

Fig. 15 Form for upload final report, presentation and poster

After students have been finished to uploads the
document, the uploaded documents will be accessible to the
public. Fig 16 shown the front page of the developed
supportive tool.

E. Lecturer Grading

When students have been finished to publish their final
reports, presentations and posters, it is time for lecturers to
give an evaluations. Because of each groups consist of
different students from different class, lecturers need to be
provided with one single form entry to give a score to whole
team member. Fig. 17 shown an example process evaluation
for one of student groups.
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Fig. 16 Homepage of developed supportive tool
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Fig. 17 Scoring form for each groups
F. Supportive Tool Deployment

1) Self Hosted

The use of Microframework brings other advantages. The
developed supportive tool application size is less than 20
MB. This made possible to deploy it at the mini device. The
term mini device is a hand on carrying pc board that helps
lecturers mobility to use the supportive tool in the different
classroom.

In these experiments, the proposed supportive tool has
been deployed at the APC board and connect it into the
access point. Fig. 18 show the network topology and the
supportive tool deployment to the APC Board.
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VIR

Access Point  APC Board(Mini Devices)

Fig. 18 Self hosted deployment of developed supportive tool

By default, the Werkzeug module used by Flask as
request handler, it can only serve one request only. Because
the Werkzeug is designed to only development model [19].
To hosted on the mini device or other machine and serve
many requests, it needs to use uWSGI as request handler
[20]. To start using uWSGI, it needs "wsgi.py" file that
imports an “app”. The wsgi.py should be as in Fig. 19:

1 from modul name import app
2 if _name__ == "__main__":
3 app.run()

Fig. 19 An example of wsgi.py

A “module_name” is the name of the .py file as the main
program. To start a server, it needs to execute the command
in Fig 20.

uwsgi --socket 0.0.0.0:5000 --protocol=http -
wsgi:app

Fig. 20 The uWSGI command to start a server

With the above command, the proposed supportive tool
can be accessed from “http://server_IP_address:5000".

2) Hosted on Machine Server

In this experiments, d@feloped supportive tool will be
deployed on a server with Ubuntu 14.04 as operating system
and Nginx as the web server.

Evefgthough it uses Nginx as the default web server, it
needs to configure Nginx to pass a request to application
socket using uwsgi protocol. The configuration starts with
creating a “.ini"” file in the project directory to activate the
uWSGI. Example of “.ini” files is in the Fig. 21.

[uwsgi)
module = wsgi

master = true
processes = 5

socket = app.sock
chmod-socket = 660
vacuum = true

Fig. 21 Example uwsgi.ini for uWSGI configuration

Next, it needs to create an upstart script to start
uWSGI. The upstart script will allow operating system 1nit
system to automatically start uWSGI and serve the Flask
application whenever the server machine boots. The upstart
script needs to  save in “.conf’ format at
“/etc/init/projectname.conf”. Example of the upstart file is in
Fig. 22.

start on runlevel [2345])
stop on runlevel [!2345])

setuid username
setgid www-data

env
PATH=/home/username/projectname/projectenv/bin
chdir /home/username/projectname

exec uwsgi --ini projectname.ini

Fig. 22 Example “.conf” in Nginx as upstart file

The final part of server machine configuration is to cr
server block and order Nginx to listen on the port 80 and use
this block for incoming requests to our server's domain name
or IP address.

The configuration is done by creating *“.conf” and saved
on “/etc/nginx/conf.d/projectname.conf’. Example server
block that needs to be configured on the Nginx web server
shown at Fig. 23.

server {
listen 80;
server name domain.ourserver.com;

location / {
include uwsgi_params;

uwsgi_pass
unix:/home/username/projectname/projectname.soc
k;
}
}

Fig. 23 Nginx server block for domain configuration

From the above configuration, the developed supportive
tool can be accessed directly by both lecturer and students
from his/her mobile device. Because it was installed on a
mini device and some Access Point (AP), all user need to
connect their device with the access point.

G. Usability Evaluation and Log Metgigs

Usability Evaluation is described as the measurement to
which a product can be easily used by targeted users with
efficiency and satisfaction to achieve certain objectives. To
explore user satisfaction, an interview and a certain
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experiment being conducted by 135 students and 16 lecturers
as a participant.

During the experimental session, students were asked to
finish several tasks as mentioned in Fig. 8 as the simulation
of the use of the developed supportive tool with student level
access. Lecturer as a participant also requested to finish
several activities as mentioned in Fig. 10 as the simulation of
the use of the developed supportive tool with lecturer level
access. After finished the experiments, both lecturers and
student are interviewed and asked to fill the questionnaire.
Table II has shown the question that given to students.

The experiments had conducted within a laboratory where
the participants use the supportive tool which installed in
local machine server that available in the laboratory. To
measure the effectiveness and difficulties, we analyzed the
timestamp from the Log creation when participants were
asked to accomplished the certain task as part of the
experiments.

TABLEII
STUDENT QUESTIONNARE

Question

1| Before implementation of PBL-LBE class model I
experience paper-based assignment (yes/no/not sure)

2 | Iprefer paperless assignment (yes/no/not sure)

3 | The benefit using supportive tool for uploading final
project material :

A.T can upload the final project materials at times
convenient to me

B. No extra cost for report final project

C. I'like to know other groups final project

D.Ichoose A,B,C

E. I failed to see the benefit of using supportive tool

4 | The interface of the supportive tool is easy to use
(yes/no/not sure)

5 | The error message was given by system (yes/no/not sure)
6 | The supportive tools enable me to interact with other
groups asynchronously (yes/no/not sure)

7 | Tbecome productive using the supportive tool (yes/no/not
sure)

8 | Knowing some group ideas and mockups, I felt need to
collaborate with the group to develop the application to
more mature version (yes/no/not sure)

9 | Other groups ideas and mockups in their final report help
me find a topic for my undergraduate final project
(yes/no/not sure)

I would like to continue using proposed supportive tool
on next semester (yes/no/not sure)

As results, students mostly opted “Yes” in question 1,24
until 10. Fig. 24 shown the dominance of opted Yes in the
student's questionnaire.

For question 3 from the student's questionnaire, 90% of
students opted A, B, C which shown the benefit of the use
supportive tool in order to support the submitting final
project materials. Fig. 25 show the percentage of question 3
from the student questionnaire.
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Fig. 25 Students rensponses from question 3
TABLEIII
LECTURE QUESTIONNARE
No Q

1 | Talways experience scoring students report with a paper-
based assignment (yes/no/not sure)

2 | I prefer to check students assignment in a paperless
manner (yes/no/not sure)

3 | The benefit using supportive tool check students final
project material :

A. T can check the final project materials at times
convenient to me

B. I could know the progress report while students finish
their final projects

C.Both A and B

D. I failed to see the benefit of using supportive tool

The interface of the supportive tool is easy to use
(yes/no/not sure)

5 | The error message was given by the system (yes/no/not
sure)

6 | The supportive tools enable me to interact with students
asynchronously (yes/no/not sure)

7 | I become productive using the supportive tool (yes/no/not

sure)

As the results of the lecturer’s experiments, lecturers also
mostly opted “Yes” in question 12,4 until 10. Fig. 26 shown




the dominancies “Yes” in the lecturer's
questionnaire.

For question 3 at the lecturer’s questionnaire, 90%
lectures opted C which shown the benefit of the use
supportive tool in order to check and see the progress report
of the submitted final project materials. Fig. 27 shown the

percentage of Question 3 from the lecturer’s questionnare.

of opted

W Yes W No W Not Sure

Q1

o 35 7 105 14
Fig. 26 Lecturer’s rensponses from question 1 2 4 until 10

Option A
13%

Option B
6%

Lecturer Questionnare

Question 3

Option C ;
81%

Fig. 27 Lecturer’s rensponses from question 3

Next experiments were analyzed the created log while
participants asked to do several tasks as mentioned in Fig. 8.
Example log created as shown in Fig. 13.

As a result, all students in averages needs only less than 4
minutes to accomplish each given task. Fig. 28 shown the
average time spent while students perform interaction in
with the supportive tools. For lecturers itself, lecturers on
average needs less than 3 minutes to finish each given task.
Average time spent that lecturers need to accomplish the
given task are shown in Fig. 29.

Remembering when there is no tutorial given before the
experiments had conducted, all participants just needs a little
time to accomplish the given task. It indicates that the
developed supportive tool is easy to use and shows the
effectiveness of the developed supportive tools.
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Fig. 28 Average time spent by students as the participant
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Fig. 29 Average time spent by lecturers as the participant

IV.CONCLUSIONS

This paper presents the current development web-based
application used by lecturers as supportive tools for
implement Project Based Learning and Lab Based
Educations. Lecturers can monitor the learning process from
progress report that has been inputted by students. Because
each group is consist of different class groups, lecturers no
need to input manually the score to each student. Lecturers
only need the score for a whole group.

The developed supportive tool can be used by students as
an online portfolio to show their project. Since all final
project, presentation and poster are visible on the public
domain, other students can also view other groups projects
and download the uploaded documents. The developed
supportive tool offer one-stop solution for lecturers that will
implement Project Based Learning and Lab Based Education.
Lecturers no need install blog engine for an announcement,
Learning Management System to track students progress
report and do grading, and ePortfolio to show students
projects. All these features are provided at the developed
supportive tool. From experiments results, the use of
supportive tools has gain beneficial from both students dan
lecturers. The use of supportive tools as an application for
PBL and LBE implementations brought students and
lecturers to build the submitted final project into better




version while they found an interesting project that really
solves real-world problems.

As a result of one academic semester experiment with 6
class groups, we obtain 32 particular groups with 32
particular web-based applications as their final project. This
experiment's results can be useful repositories for next year
academic students. The repository can be used not only as a
reference but also for a hub among students to develop the
final projects into production level applications.
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