
i 

 

 

 

 

 

 

 

 

 

 

 

 

Front Pages 
 

NILEENA VELAPPAN, ASHLYNN R. DAUGHTON, YAN XU,  

WILLIAM ROSENBERGER, GEOFFREY FAIRCHILD &  

ALINA DESHPANDE 

A Web-Based Analytic for Pathogen Suggestion using Syndromic Data 

 
BRANIMIR LELA, SONJA JOZIĆ, JURE KROLO, IVANA DUMANIĆ 
& KARLA GRGIĆ  

Production of Open Cell Foams Out of Aluminium Chips 

 
MAHER ALZYADAT, BIDYUT BARUAH & ANTHONY WARD  

The Role of Managers in Stimulating Engineers’ Intrapreneurial 
Capabilities - A Case Study of Technology-based SMEs 

 
MUHAMMAD TAKWIN MACHMUD, ROSIDAH,  
DELLA FADHILATUNNISA & M. MIFTACH FAKHRI  
Indonesia Teacher Competencies in Integrating Information and 
Communications Technology for Education 
  

 

Athens Journal of Technology & Engineering 

 

Quarterly Academic Periodical, Volume 8, Issue 4, December 2021 
URL: https://www.athensjournals.gr/ajte 

Email: journals@atiner.gr 
e-ISSN: 2241-8237 DOI: 10.30958/ajte 

 
 

https://www.athensjournals.gr/technology/Cover-2021-04TE.pdf
http://www.athensjournals.gr/technology/2021-8-4-1-Velappan.pdf
http://www.athensjournals.gr/technology/2021-8-4-2-Lela.pdf
http://www.athensjournals.gr/technology/2021-8-4-3-Alzyadat.pdf
http://www.athensjournals.gr/technology/2021-8-4-3-Alzyadat.pdf
http://www.athensjournals.gr/technology/2021-8-4-4-Machmud.pdf
http://www.athensjournals.gr/technology/2021-8-4-4-Machmud.pdf
mailto:journals@atiner.gr


 

Athens Journal of Technology & Engineering 
Published by the Athens Institute for Education and Research (ATINER) 

 

Editors 

 

 Dr. Timothy M. Young, Director, Center for Data Science (CDS) & Professor and 
Graduate Director, The University of Tennessee, USA. 

 Dr. Panagiotis Petratos, Vice-President of Information Communications 
Technology, ATINER & Fellow, Institution of Engineering and Technology & 
Professor, Department of Computer Information Systems, California State 
University, Stanislaus, USA. 

 Dr. Nikos Mourtos, Head, Mechanical Engineering Unit, ATINER & Professor, San 
Jose State University USA. 

 Dr. Theodore Trafalis, Director, Engineering & Architecture Division, ATINER, 
Professor of Industrial & Systems Engineering and Director, Optimization & 
Intelligent Systems Laboratory, The University of Oklahoma, USA. 

 Dr. Virginia Sisiopiku, Head, Transportation Engineering Unit, ATINER & 
Associate Professor, The University of Alabama at Birmingham, USA. 

Editorial & Reviewers' Board 
 https://www.athensjournals.gr/ajte/eb  
 
Administration of the Journal 

1. Vice President of Publications: Dr Zoe Boutsioli 
2. General Managing Editor of all ATINER's Publications: Ms. Afrodete Papanikou 
3. ICT Managing Editor of all ATINER's Publications: Mr. Kostas Spyropoulos 
4. Managing Editor of this Journal: Ms. Effie Stamoulara 

 
**********************************************************************************

* 

ATINER is an Athens-based World Association of Academics and Researchers based in Athens. 
ATINER is an independent and non-profit Association with a Mission to become a forum where 
Academics and Researchers from all over the world can meet in Athens, exchange ideas on their 
research and discuss future developments in their disciplines, as well as engage with professionals 
from other fields. Athens was chosen because of its long history of academic gatherings, which go 
back thousands of years to Plato‟s Academy and Aristotle‟s Lyceum. Both these historic places are 
within walking distance from ATINER‟s downtown offices. Since antiquity, Athens was an open 
city. In the words of Pericles, Athens“…is open to the world, we never expel a foreigner from 
learning or seeing”. (“Pericles‟ Funeral Oration”, in Thucydides, The History of the 
Peloponnesian War). It is ATINER‟s mission to revive the glory of Ancient Athens by inviting the 
World Academic Community to the city, to learn from each other in an environment of freedom 
and respect for other people‟s opinions and beliefs. After all, the free expression of one‟s opinion 
formed the basis for the development of democracy, and Athens was its cradle. As it turned out, the 
Golden Age of Athens was in fact, the Golden Age of the Western Civilization. Education and 
(Re)searching for the „truth‟ are the pillars of any free (democratic) society. This is the reason why 
Education and Research are the two core words in ATINER‟s name. 
*********************************************************************************************** 
The Athens Journal of Technology & Engineering (AJTE) is an Open Access quarterly 

double-blind peer reviewed journal and considers papers from all areas engineering (civil, 

electrical, mechanical, industrial, computer, transportation etc), technology, innovation, 

new methods of production and management, and industrial organization. Many of the 

papers published in this journal have been presented at the various conferences sponsored 

by the Engineering & Architecture Division of the Athens Institute for Education and 

Research (ATINER). All papers are subject to ATINER’s Publication Ethical Policy and 

Statement. 

 

 

https://www.atiner.gr/cds
http://www.atiner.gr/mechanical-unit
http://www.atiner.gr/eard
http://www.atiner.gr/TRANSPORTATION-UNIT.htm
https://www.athensjournals.gr/ajte/eb
http://www.atiner.gr/EARD.htm
https://www.athensjournals.gr/ethics.pdf
https://www.athensjournals.gr/ethics.pdf


iii 

 

The Athens Journal of Technology & Engineering 

ISSN NUMBER: 2241-8237- DOI: 10.30958/ajte 

Volume 8, Issue 4, December 2021 

Download the entire issue (PDF) 

 

 
Front Pages 
 

i-viii 

A Web-Based Analytic for Pathogen Suggestion using 
Syndromic Data 

Nileena Velappan, Ashlynn R. Daughton, Yan Xu,  

William Rosenberger, Geoffrey Fairchild &  

Alina Deshpande 

  

283 

Production of Open Cell Foams Out of Aluminium 
Chips 

Branimir Lela, Sonja Jozić, Jure Krolo, Ivana Dumanić & 
Karla Grgić  

 

299 

The Role of Managers in Stimulating Engineers’ 
Intrapreneurial Capabilities - A Case Study of 
Technology-based SMEs 

Maher Alzyadat, Bidyut Baruah & Anthony Ward  

 

311 

Indonesia Teacher Competencies in Integrating 
Information and Communications Technology for 
Education 

Muhammad Takwin Machmud, Rosidah,  
Della Fadhilatunnisa & M. Miftach Fakhri 

331 

https://www.athensjournals.gr/technology/2021-04TE.pdf
https://www.athensjournals.gr/technology/Cover-2021-04TE.pdf
http://www.athensjournals.gr/technology/2021-8-4-1-Velappan.pdf
http://www.athensjournals.gr/technology/2021-8-4-1-Velappan.pdf
http://www.athensjournals.gr/technology/2021-8-4-2-Lela.pdf
http://www.athensjournals.gr/technology/2021-8-4-2-Lela.pdf
http://www.athensjournals.gr/technology/2021-8-4-3-Alzyadat.pdf
http://www.athensjournals.gr/technology/2021-8-4-3-Alzyadat.pdf
http://www.athensjournals.gr/technology/2021-8-4-3-Alzyadat.pdf
http://www.athensjournals.gr/technology/2021-8-4-4-Machmud.pdf
http://www.athensjournals.gr/technology/2021-8-4-4-Machmud.pdf
http://www.athensjournals.gr/technology/2021-8-4-4-Machmud.pdf


Athens Journal of Τechnology & Engineering 
Editorial and Reviewers’ Board 

Editors 

 
 Dr. Timothy M. Young, Director, Center for Data Science (CDS) & Professor and 

Graduate Director, The University of Tennessee, USA. 

 Dr. Panagiotis Petratos, Vice-President of Information Communications Technology, 
ATINER & Fellow, Institution of Engineering and Technology & Professor, Department 
of Computer Information Systems, California State University, Stanislaus, USA. 

 Dr. Nikos Mourtos, Head, Mechanical Engineering Unit, ATINER & Professor, San Jose 
State University USA. 

 Dr. Theodore Trafalis, Director, Engineering & Architecture Division, ATINER, Professor of Industrial 
& Systems Engineering and Director, Optimization & Intelligent Systems Laboratory, The University of 
Oklahoma, USA. 

 Dr. Virginia Sisiopiku, Head, Transportation Engineering Unit, ATINER & Associate Professor, The 
University of Alabama at Birmingham, USA. 

Editorial Board 
 Dr. Marek Osinski, Academic Member, ATINER & Gardner-Zemke Professor, University of New Mexico, 

USA. 

 Dr. Jose A. Ventura, Academic Member, ATINER & Professor, The Pennsylvania State University, USA.  

 Dr. Nicolas Abatzoglou, Professor and Head, Department of Chemical & Biotechnological Engineering, 
University of Sherbrooke, Canada. 

 Dr. Jamal Khatib, Professor, Faculty of Science and Engineering, University of Wolverhampton, UK. 

 Dr. Luis Norberto Lopez de Lacalle, Professor, University of the Basque Country, Spain. 

 Dr. Zagabathuni Venkata Panchakshari Murthy, Professor & Head, Department of Chemical Engineering, 
Sardar Vallabhbha National Institute of Technology, India.  

 Dr. Yiannis Papadopoulos, Professor, Leader of Dependable Systems Research Group, University of Hull, UK.  

 Dr. Bulent Yesilata, Professor & Dean, Engineering Faculty, Harran University, Turkey.  

 Dr. Javed Iqbal Qazi, Professor, University of the Punjab, Pakistan.  

 Dr. Ahmed Senouci, Associate Professor, College of Technology, University of Houston, USA. 

 Dr. Najla Fourati, Associate Professor, National Conservatory of Arts and Crafts (Cnam)-Paris, France.  

 Dr. Ameersing Luximon, Associate Professor, Institute of Textiles and Clothing, Polytechnic University, Hong 
Kong. 

 Dr. Georges Nassar, Associate Professor, University of Lille Nord de France, France. 

 Dr. Roberto Gomez, Associate Professor, Institute of Engineering, National Autonomous University of Mexico, 
Mexico.  

 Dr. Aly Mousaad Aly, Academic Member, ATINER & Assistant Professor, Department of Civil and 
Environmental Engineering, Louisiana State University, USA. 

 Dr. Hugo Rodrigues, Senior Lecturer, Civil Engineering Department, School of Technology and Management, 
Polytechnic Institute of Leiria, Portugal.  

 Dr. Saravanamuthttu Subramaniam Sivakumar, Head & Senior Lecturer, Department of Civil Engineering, 
Faculty of Engineering, University of Jaffna, Sri Lanka. 

 Dr. Hamid Reza Tabatabaiefar, Lecturer, Faculty of Science and Technology, Federation University, Australia. 

• Vice President of Publications: Dr Zoe Boutsioli 
• General Managing Editor of all ATINER's Publications: Ms. Afrodete Papanikou 
• ICT Managing Editor of all ATINER's Publications: Mr. Kostas Spyropoulos 
• Managing Editor of this Journal: Ms. Effie Stamoulara (bio) 

Reviewers’ Board 
Click Here 

https://www.atiner.gr/cds
http://www.atiner.gr/mechanical-unit
http://www.atiner.gr/eard
http://www.atiner.gr/TRANSPORTATION-UNIT.htm
https://www.athensjournals.gr/es-cv
http://www.athensjournals.gr/ajterb


v 

President's Message 
 

All ATINER’s publications including its e-journals are open access 

without any costs (submission, processing, publishing, open access paid 

by authors, open access paid by readers etc.) and is independent of 

presentations at any of the many small events (conferences, 

symposiums, forums, colloquiums, courses, roundtable discussions) 

organized by ATINER throughout the year and entail significant costs 

of participating. The intellectual property rights of the submitting 

papers remain with the author. Before you submit, please make sure 

your paper meets the basic academic standards, which includes proper 

English. Some articles will be selected from the numerous papers that 

have been presented at the various annual international academic 

conferences organized by the different divisions and units of the Athens 

Institute for Education and Research. The plethora of papers presented 

every year will enable the editorial board of each journal to select the 

best, and in so doing produce a top-quality academic journal. In 

addition to papers presented, ATINER will encourage the independent 

submission of papers to be evaluated for publication.  

 The current issue is the fourth of the eighth volume of the Athens 

Journal of Technology & Engineering (AJTE), published by the 

Engineering & Architecture Division of ATINER.  

  

  

Gregory T. Papanikos, President, ATINER. 

https://www.athensjournals.gr/Standards.pdf
http://www.atiner.gr/EARD.htm


 

 

 

Athens Institute for Education and Research 

A World Association of Academics and Researchers 

 

 

 

 

 

 

 

 

 

Conference Fees 
 

Conference fees vary from 400€ to 2000€ 
Details can be found at: https://www.atiner.gr/fees 

Social and Educational Program 
The Social Program Emphasizes the Educational Aspect of the Academic Meetings of 
Atiner. 

 Greek Night Entertainment (This is the official dinner of the conference) 

 Athens Sightseeing: Old and New-An Educational Urban Walk 

 Social Dinner 

 Mycenae Visit 

 Exploration of the Aegean Islands 

 Delphi Visit 

 Ancient Corinth and Cape Sounion 
 

Important Dates 

 Abstract  Submission: 22 November 2021 

 Acceptance of Abstract: 4 Weeks after Submission 

 Submission of Paper: 23 May 2022 

  

Academic Members Responsible for the Conference 
 

 Dr. Dimitrios Goulias, Head, Civil Engineering Unit, ATINER and Associate Professor & 
Director of Undergraduate Studies Civil & Environmental Engineering Department, 

University of Maryland, USA. 
  

12th Annual International Conference on Civil Engineering 
20-23 June 2022, Athens, Greece 

 
 

 

The Civil Engineering Unit of ATINER is organizing its 12th Annual International Conference on 

Civil Engineering, 20-23 June 2022, Athens, Greece sponsored by the Athens Journal 
of Technology & Engineering.  The aim of the conference is to bring together academics and 
researchers of all areas of Civil Engineering other related areas. You may participate as stream 
leader, presenter of one paper, chair of a session or observer. Please submit a proposal using the 
form available (https://www.atiner.gr/2022/FORM-CIV.doc). 

 

 

    

   

https://www.atiner.gr/fees
https://www.atiner.gr/civil-unit
http://www.atiner.gr/CIVIL-UNIT.htm
http://www.athensjournals.gr/ajte
http://www.athensjournals.gr/ajte
https://www.atiner.gr/2022/FORM-CIV.doc


vii 

 

 

Athens Institute for Education and Research 

A World Association of Academics and Researchers 

  

 

 

 

 

 

 

 

 

 

 

 
 

 

  

 

 

 

 

 

 

 

 

Conference Fees 
Conference fees vary from 400€ to 2000€ 

Details can be found at: https://www.atiner.gr/fees 
 
 
 
 
 
 
 
 
 
 
 

Academic Member Responsible for the Conference 
 

 Dr. Theodore Trafalis, Director, Engineering & Architecture Division, ATINER, 
Professor of Industrial & Systems Engineering and Director, Optimization & Intelligent 
Systems Laboratory, The University of Oklahoma, USA. 

 

Important Dates 

 Abstract  Submission: 22 November 2021 

 Acceptance of Abstract: 4 Weeks after Submission 

 Submission of Paper: 23 May 2022 
 

  

  

  

  

  

  

  

  

  

  

 

   

10th Annual International Conference on Industrial, Systems and Design 
Engineering, 20-23 June 2022, Athens, Greece 

 
 
 
 

The Industrial Engineering Unit of ATINER will hold its 10th Annual International 
Conference on Industrial, Systems and Design Engineering, 20-23 June 2022, Athens, 
Greece sponsored by the Athens Journal of Technology & Engineering.The aim of the 
conference is to bring together academics, researchers and professionals in areas of 
Industrial, Systems, Design Engineering and related subjects. You may participate as 
stream leader, presenter of one paper, chair of a session or observer. Please submit a 
proposal using the form available (https://www.atiner.gr/2022/FORM-IND.doc). 
 

Social and Educational Program 
The Social Program Emphasizes the Educational Aspect of the Academic Meetings of 
Atiner. 

 Greek Night Entertainment (This is the official dinner of the conference) 

 Athens Sightseeing: Old and New-An Educational Urban Walk 

 Social Dinner 

 Mycenae Visit 

 Exploration of the Aegean Islands 

 Delphi Visit 

 Ancient Corinth and Cape Sounion 
More information can be found here: https://www.atiner.gr/social-program 

 
 
 
 
 
 
 
 
 
 
 

 

   

https://www.atiner.gr/fees
http://www.atiner.gr/eard
http://www.atiner.gr/INDUSTRIAL-UNIT.htm
http://www.athensjournals.gr/ajte
https://www.atiner.gr/2022/FORM-IND.doc
https://www.atiner.gr/social-program




Athens Journal of Technology and Engineering - Volume 8, Issue 4, December 2021 –  

Pages 283-298 

 

283 

A Web-Based Analytic for Pathogen Suggestion using 

Syndromic Data 
 

By Nileena Velappan

, Ashlynn R. Daughton

±
, Yan Xu

‡
,  

William Rosenberger

, Geoffrey Fairchild

 
& Alina Deshpande


 

 
Historical disease outbreaks provide enhanced contextual information for an 

unfolding outbreak. Utilizing this concept, we have developed a visual analytic 

tool known as Analytics for Investigation of Disease Outbreaks (AIDO), a web 

accessible decision support tool available at aido.bsvgateway.org. AIDO 

currently contains more than 650 historical outbreaks for 40 human diseases. 

Recently, we have evaluated AIDO’s ability to identify an outbreak pathogen 

using syndromic disease “families”. The AIDO gastrointestinal family contains 

122 outbreaks from five different pathogens and the mosquito-borne family has 

151 outbreaks caused by eight pathogens. We identified epidemiological 

properties that are different by pathogen within families using Chi-squared 

tests. The similarity algorithms developed for each syndromic family, based on 

identified properties were tested using 90 different outbreaks spread across the 

thirteen pathogens. In our analyses, we are able to suggest the correct pathogen 

upwards of 75% of the time, using our algorithm that relies on differences in 

epidemiological properties. Our analyses with mosquito-borne outbreak family 

also showed that AIDO is capable of identifying outbreaks caused by emerging 

pathogens. This easy-to-use web-based analytic can be a useful tool in pandemic 

mitigation across the globe. 

 
Keywords: disease outbreaks, syndromic analyses, population epidemiology, 

web-based visual analytics 

 

 

Introduction 

 

During an infectious disease outbreak, the number of people infected depends 

upon rapid identification of the pathogen, its transmission route and prompt 

implementation of effective control measures. Quick identification of the pathogen 

associated with an unfolding outbreak can save countless lives, especially if it is an 

emerging pathogen (AJMC 2021). Disease surveillance is used to identify clusters 

of related illnesses or outbreaks. Three general methods are used to identify these 

disease clusters: pathogen specific surveillance, syndromic surveillance, and 

complaint system (CIFOR 2014). Pathogen specific surveillance system detects 
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clusters of a specific pathogen that were identified by health-care providers and 

laboratorians. This method is highly sensitive and specific for a given disease, 

however it is time consuming and expensive. Syndromic surveillance is a highly 

complex and technology driven automated tool used in North America and Europe 

(May et al. 2009). This type of surveillance often involves extraction of health 

information such as school and work absenteeism, nurse help-lines, sales of certain 

over-the-counter drugs, complaints to regulatory authorities (e.g., Water Company). 

The data for syndromic surveillance can be collected during pre-diagnostic and post 

diagnostic periods. These data are analyzed by agencies such as state health 

departments to identify possible disease clusters. Syndromic surveillance can 

identify outbreaks earlier and faster than traditional pathogen detection. However, 

syndromic surveillance may not make the associated pathogen immediately 

apparent. The complaint based surveillance system is the simplest surveillance 

method where similar complaints from multiple individuals are used to identify 

disease outbreaks. For example, “Pneumonia of unknown cause” was the first 

report that the world received at the start of COVID-19 pandemic (AJMC 2021). 

However, the disadvantage associated with this fast and cheap method is again the 

inability to identify specific pathogen (CIFOR 2014). In most parts of the world, 

pathogen based surveillance system and syndromic surveillance are not 

implemented due to prohibitory costs associated with these systems. The complaint 

based system is often the best (only) surveillance system that is used to identify 

disease outbreaks (CIFOR 2014). Identification of a pathogen associated with a 

given disease symptom is essential in designing control measures for an outbreak. 

However, the laboratory confirmation of a pathogen takes both time and money.  

Laboratory tests often employ different techniques for specific identification 

of a pathogen. Culturing of the organism on differential plates is a first step in 

bacterial pathogen detection. These tests can be followed up with biochemical 

testing and serological confirmation (Thermo Scientific Inc. 2021). Nucleic acid 

based assays (e.g. pulse field gel electrophoresis, sequencing) are further employed 

to identify the strain causing the outbreak. Multiple parallel tests are conducted to 

identify the causative organism during the initial stages of an outbreak (Foddai and 

Grant 2020). Antibody based serological testing and nucleic acid based analyses, 

such as those developed for SARS CoV2 are employed for viral pathogen detection 

(Wang et al. 2020). Pathogens that belong to the same viral family sharing similarity 

in envelop protein structures (e.g., Chikungunya virus, Dengue, virus and Zika 

virus) often produces cross reactive antibodies that make the identification of a 

specific virus challenging (Paixão et al. 2018). These tests are also sensitive to 

sample collection time, as the antibody response time in patients will vary based 

on disease progression. The expensive detection methods described above are 

performed by specialized laboratories (Paixão et al. 2018). Different parts of the 

world use these laboratory confirmation tests differently. In India, only the initial 

tests that cost $10-$20 are performed for each pathogen (MediFee 2021). 

Therefore, multiple tests are ordered by the physicians during early stages of an 

outbreak to identify the pathogen. US Centers for Disease Control (CDC) uses a 

specialized algorithm to distinguish Zika virus patients from other closely related 

mosquito borne pathogens (CDC 2021) and the tests cost about USD 1240 if all 
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comprehensive tests listed in the algorithm are performed (Findlabtests.com 2021). 

Similarly, in US the average cost of stool tests to identify enteric pathogen ranges 

from $150-$200. While the cost of negative sample is trivial, identification of 

positive sample using multiple test costs about $400 and 72-96hrs (Labcorp 2021). 

Different laboratories that perform these diagnostic tests balance their expenses by 

charging the same price for all samples. While, this is the situation in countries 

with well-established diagnostic laboratories, such facilities are not readily 

available in many parts of the world.  

A web-based analytic that can facilitate pathogen suggestion during an 

unfolding outbreak using syndromic data will have many advantages. The 

information provided can be used to narrow down number of tests required to 

identify a specific pathogen. This will help to cut down expenditure and time 

required. In parts of the world where extensive laboratory networks are not 

available, these analyses can be used prioritize expensive laboratory tests. 

Moreover, these analyses can be used to plan possible mitigation efforts, so that 

their speedy implementation is possible upon pathogen confirmation (e.g., control 

strategy for viral vs. bacterial pathogen). Data aggregation sites such as Healthmap
1
, 

ProMED-mail
2
, and Flu Trackers

3
 are sites that collect information from various 

sources. Google search query analyses tools such as Data Collaboratives (2021) 

and Google Dengue Trends (Strauss et al. 2017) collect search queries and correlate 

to disease data to identify trends and build models. These data can serve as early 

warning of disease outbreaks. Government resources such as the US CDC and 

World health Organization (WHO) also maintain and display surveillance reports 

and weekly summary reports. Increasingly social media and e-mail groups 

(Granowitz et al. 2004) are also being used by individuals and small organization 

to gather information on possible disease outbreaks. Websites such as the Global 

Early Warning System
4
, and Global Infectious diseases and Epidemiology 

networks
5
 compile reported outbreak information. Web-based tools such as 

Premier Biosoft (2021),Virus finder (Ding et al. 2004), pathosphere.org (Kilianski 

et al. 2015)  are available for rapid identification of pathogen based on nucleic acid 

sequence and/or biochemical test results. These tools accelerate the pathogen 

identification only after the laboratory sequencing test results are available. The 

web-based technologies described above are not intended for identification of 

pathogen in the early stages of an unfolding outbreak, when limited information 

and data is available.  

Perhaps the most similar work to ours is Bogich et al. (2013), who describe a 

method using network theory to identify the pathogen of disease outbreaks. In this 

method, they used properties such as disease symptoms, seasonality, and case-

fatality ratio to link an ongoing outbreak to outbreaks of known etiology. This 

method was used to identify outbreaks from 10 different diseases with 76% 

                                                           
1
Healthmap (2021) Retrieved from: https://healthmap.org/en/. [Accessed 16 March 2021] 

2
ProMED-mail (2021) Retrieved from: http://www.promedmail.org/. [Accessed 16 March 2021] 

3
Flu Trackers (2021) Retrieved from: https://flutrackers.com/forum/. [Accessed 16 March 2021] 

4
The Global Early Warning System – GLEWS (2021) Retrieved from: http://www.glews.net/. 

[Accessed 18 March 2021] 
5
Global Infectious Diseases and Epidemiology Network – GIDEON (2021) Retrieved from: https:// 

www.gideononline.com/. [Accessed 18 March 2021] 
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sensitivity and 88% specificity. This study utilized the method to study ten diseases 

which can cause encephalitis, which is a rare symptom compared to fever or 

stomach ache. Uniqueness of the symptom was found to be important for this 

method. However, the source code used in their analyses is not publicly available 

currently. 

Analytics for the Investigation of Disease Outbreaks (AIDO) (Velappan et al. 

2019) is a web-based tool that contains a library of more than 650 historical 

outbreaks for 40 different diseases that represent the diversity of outbreak 

presentation for each disease. This tool currently can be used to identify the closest 

matching historical outbreak for an unfolding infectious disease epidemic to 

develop a better understanding of how the unfolding epidemic may progress and 

understand possible mitigation strategies based on what has been used in previous 

outbreaks. In AIDO, we grouped together different pathogens that produce similar 

symptoms to create “syndromic disease families”. A set of pathogens that cause 

stomach ailments were grouped together to form the Gastrointestinal (GI) family. 

Similarly eight different pathogens that cause febrile illness transmitted by 

mosquitoes were grouped together and analyzed as mosquito-borne (MB) family. 

AIDO’s historical outbreak library family of gastrointestinal pathogens includes 

outbreaks caused by five pathogens: Campylobacter sp., Escherichia coli, 

Salmonella sp, Shigella sp and norovirus. The pathogens included in AIDO 

mosquito-borne disease family includes: chikungunya virus, dengue virus, 

Japanese encephalitis virus, Rift Valley fever virus, Yellow Fever virus, Zika virus, 

West Nile virus and Plasmodium spp. (the parasite causing malaria). We evaluated 

the ability of AIDO to suggest the causative agent of an unfolding gastrointestinal 

or mosquito-borne disease outbreak using the similarity algorithm within particular 

disease families. Our initial analyses with AIDO showed that the biology of the 

pathogen and its transmission patterns contribute to different epidemiological 

features during an outbreak. For example, norovirus outbreaks have high case 

numbers with rapid peak time compared to Salmonella outbreaks that have 

months-long durations. In contrast, Campylobacter (not a hardy organism) causes 

low case number and outbreaks of short duration and rapid peak time. Our analyses 

also showed similar difference in epidemiological features for mosquito-borne 

diseases. The difference in case numbers, geographical area, and duration were 

characteristics of the mosquito species that carried the specific pathogen. We 

postulated that these differences in epidemiological features could allow AIDO 

based pathogen suggestions from syndromic disease families. 

We utilized gastrointestinal and mosquito-borne disease families to develop a 

pathogen “suggestion” algorithm based on similarity of a user’s input to historical 

disease outbreaks in the AIDO library. Here, we report the statistical methods used 

to identify epidemiological features (properties) that can distinguish between 

outbreaks caused by different pathogens within a syndromic disease family. We 

discuss development of our user interphase and display of results on AIDO. We 

analyzed the pathogen suggestion algorithm of both families using three types of 

test outbreaks: outbreaks that are part of AIDO, outbreaks currently not included 

in AIDO, and blinded analyses performed by our colleagues to simulate analyses 

performed by public health officials around the world. Results of these analyses 
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are discussed below. The world nowadays is acutely aware of dangers posed by 

emerging pathogens; therefore, we also evaluated AIDO’s ability to distinguish 

between emerging and non-emerging outbreaks using mosquito-borne family 

analyses. Our results indicate the strong potential for AIDO to be used to identify a 

pathogen for a syndrome based outbreak, in the early stages when limited data are 

available.  

 

 

Materials and Methods 

 

Historical Outbreak Data Collection and Disease Specific AIDO Libraries 

 

AIDO outbreak data is collected from publicly available data sources such as 

ProMED-mail, CDC, WHO
6
, Eurosurveillance

7
, government Ministry of Health 

databases as well as other scholarly journals. If data are only available as bar graphs 

or plots in a pdf, the plots are digitized using PlotDigitizer (WebPlotDigitizer 

2021). AIDO uses statistical analyses to identify disease specific properties from a 

list of 27 different properties as described in Velappan et al. (2019). These disease 

specific properties were further analyzed for their ability to distinguish between 

outbreaks caused by different pathogens within a syndromic disease family. 

 

Chi-Squared Test Analyses to Identify Properties that can distinguish between 

Outbreaks by Different Pathogens 

 

The GI family has a total of 122 outbreaks in AIDO. Distribution of outbreaks 

for each of the disease specific properties was collected for the GI family. For 

example, there were 21 outbreaks caused by Salmonella contaminated product and 

10 outbreaks of Salmonella that were associated with a specific location or event. 

Similar data was collected for the other four pathogens. Chi-test or Pearson’s chi-

squared test is used to determine whether there is a statistically significant 

difference between the expected frequencies and the observed frequencies in one 

or more categories, epidemiological properties in our analyses (Wikipedia 2021). 

Chi-test analysis was conducted using Microsoft Excel and p-value for the 

property was noted. The properties chosen for chi-test has been previously shown 

to be significant for each of the individual diseases that make up each of the 

families (Velappan et al. 2019). Properties with p-values <0.05 were considered 

significant for inter-outbreak pathogen discrimination. Similar analyses were 

performed for physician density, contaminating food source, population, human 

development index, case definition, season, and outbreak curve shape to identify 

properties suitable for GI syndromic family analyses. Data collection and chi-test 

analyses was performed on the following properties for mosquito-borne disease 

family: human development index (HDI), population, precipitation category, 

                                                           
6
World Health Organization – WHO (2021) Retrieved from: https://www.who.int/. [Accessed 18 

March 2021] 
7
Eurosurveillance (2021) Retrieved from: https://www.eurosurveillance.org/. [Accessed 18 March 

2021] 
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disease endemicity status, physician density (PD), case definition, climate category, 

presence or absence of a natural disaster, general population vs. special group, 

rural/urban/both (proxy for population density), population movement, case 

fatality rate, outbreak curve shape, ecosystem (coastal/river vs. other) and WHO 

region. Data for each of the statistically significant properties were entered into 

excel sheets for each of the outbreaks and uploaded. AIDO’s automated weight 

calculation algorithm was used to determine the weights for each of the properties 

and these were used to calculate the similarity score using a weighted sum as 

previously described (Velappan et al. 2019).  

 

Table 1. Chi-Test Based Statistical Analyses to Determine AIDO Properties for 

Syndromic Family Analyses 
 Properties analyzed p-value for chi-test p-value<0.05 

Gastrointestinal family   

1 contamination source 4.81E-08 TRUE 

2 population 2.75E-12 TRUE 

3 human development index (HDI) 0.028298777 TRUE 

4 case definition 3.06E-19 TRUE 

5 physician density 0.008022595 TRUE 

6 outbreak curve 2.92E-12 TRUE 

7 season 0.197586372 FALSE 

Mosquito-borne family   

1 HDI 5.81E-10 TRUE 

2 population 5.40E-09 TRUE 

3 precipitation 1.36E-15 TRUE 

4 disease status 1.51E-10 TRUE 

5 physician density 0 TRUE 

6 case definition 3.62E-11 TRUE 

7 climate 0 TRUE 

8 natural disaster 1.41E-20 TRUE 

9 general vs. special population 

group 

0.00094069 TRUE 

10 rural vs. urban 2.32E-05 TRUE 

11 population movement 0.000401464 TRUE 

12 outbreak curve 0.435360193 FALSE 

13 Case fatality rate (CFR) too many unknowns FALSE 

Properties selected for analyses, p-value for chi-test and information on whether they met the 

criteria for inclusion are given. 

 

Implementation of AIDO Family Web User Interphase and Development of AIDO 

Mobile App Mock Ups 

 

AIDO functionalities are written in Python, using the Django, web framework 

and PostgreSQL, for the backend. Bootstrap, jQuery, and Plotly are used on the 

frontend for overall user interface design/functionality and graphs, respectively. 

These methods are described in Velappan et al. (2019).  

 

Evaluation of the AIDO Pathogen Suggestion Algorithm 
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The syndromic family algorithms were initially tested using four outbreaks 

for each disease, i.e., 20 GI outbreaks and 32 mosquito-borne outbreaks. These 

outbreaks were already in the AIDO library and we evaluated the ability of the 

algorithm to display the specific pathogen as one of top five outbreaks with 

highest similarity score. Data were entered into user-interphase (UI) of the given 

family and the name of the pathogen, outbreak ID, and percentage similarity 

information was collected. This information was used to determine whether the 

specific pathogen was present in the top five matches and if yes, at which position 

with how much similarity. Number of positive identification was then used to 

calculate percent accuracy of pathogen identification. The analyses were repeated 

with test outbreaks that are not part of AIDO currently. We used 22 test outbreaks 

for the GI family and 16 test outbreaks for the mosquito-borne family. The third 

test on syndromic family simulated real life outbreak analyses with minimal data 

available during early stages of an outbreak. Peers who did not have prior 

knowledge outbreak performed analyses on AIDO as part of a blind study and 

accuracy values from tests were calculated.   

 

 

Results 

 

Properties for Inter-Pathogen Outbreak Analyses  

 

We analyzed 122 outbreaks of the gastrointestinal family using seven different 

properties as shown in Table 1. Six different properties had p-value less than 0.05 

and was considered statistically significant for inter pathogen outbreak analyses. 

These properties were contamination source, population, HDI, case definition, 

physician density and outbreak curve shape. Similarly chi-test analyses identified 

13 statistically significant properties for distinguishing outbreaks caused by eight 

different pathogens in the mosquito-borne disease family. These properties are 

also listed in Table 1. Seasonality property of GI family and outbreak curve shape 

and case fatality rate (CFR) properties for mosquito-borne family did not meet the 

criteria for inclusion. 

 

Analyses of the Syndromic Families Using Test Outbreaks 

 

Pathogen Suggestion 

We used 20 GI outbreaks and 32 mosquito-borne outbreaks for initial 

evaluation of the syndromic family algorithm. The results showed that AIDO 

algorithm brought forth a historical outbreak caused by the specific pathogen as 

one of the top five matches in our tests 88% of the test case scenarios. We further 

analyzed the syndromic disease families with 38 (22 GI and 16 MB) outbreaks not 

currently included in AIDO library. Our results showed that overall 88% specific 

pathogen suggestion was achieved with our algorithm. The success rate for 

individual pathogens varied (57-100%) and the data are shown in Figure 1A.  

We further analyzed the specific pathogen suggestion pattern among the top 

five matches. Our results showed (Figure 1B) that on an average 75% of the time 
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the specific pathogen was identified as the top matching outbreak or the second 

scoring historical outbreak. In ~10% of the time the third matching historical 

outbreak suggested the correct pathogen. Over all, success rate of pathogen 

identification using top five similar historical outbreaks in AIDO was 82% for 

gastrointestinal syndromic family and 91% for mosquito-borne disease family. 

Success rate of pathogen identification is similar when the tests were performed 

with outbreaks in AIDO or not included AIDO as well as blind test analyses 

(Figure 1C). 

 

Figure 1. Accuracy of Pathogen Suggestion AIDO Algorithm for Gastrointestinal 

and Mosquito-Borne Disease Families 

Data from ninety outbreaks from all parts of the world was used as test case scenarios.  Panel A 

gives values for number of times the correct pathogen was part of the top five matches in AIDO 

disease family analyses. The analyses were performed with 6-10 outbreaks for each pathogen and 

average values are shown. Data for individual outbreak pathogen and overall value for all 13 

pathogens are presented. Panel B and C show pathogen match pattern for gastrointestinal family 

(blue) and mosquito-borne disease family (orange). Panel B shows the average values for specific 

pathogen as top 1-3 matches and overall value for top five matches are given. Panel C shows the 

pathogen identification pattern for three types of test conducted in our evaluation and the average 

values are calculated based on top five matches. 

 

Emerging Disease (Non-Endemic Outbreaks) Identification 

Zika virus caused several mosquito-borne outbreaks in the Americas during 

2015-2016 in non-endemic areas and AIDO contains fourteen of these emerging 

outbreaks of Zika. Similarly, non-endemic outbreaks were also included in AIDO 

library for other mosquito-borne diseases. We utilized these outbreaks occurring in 

non-endemic areas to assess the utility of AIDO for emerging pathogen detection. 

We evaluated our emerging disease detection algorithm with 11 non-endemic 

outbreaks (emerging in a new geographical area) and 21 outbreaks in endemic 

regions. In our analyses when emerging outbreak data was used as input, AIDO 

algorithm matched to other emerging disease outbreaks. For example, when 2016 

Zika outbreak in Aruba was used as test outbreak (12 cases in 1 month), the top 

matching outbreaks were 2009 Dengue outbreak in Florida, USA (78%), 2014 

malaria outbreak in Aswan Egypt (77%), 2016 Zika outbreak in British Virgin 
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Island (76%), and 2001 dengue outbreak in Hawaii (71%). All four of these 

outbreaks were outbreaks caused by emergence of pathogen in a new location 

among immunologically naïve populations. Similarly, when 2004 yellow fever 

outbreak data from Bolivia was used as input, the AIDO algorithm matched to 

other outbreaks of yellow fever in Bolivia, indicating another seasonal outbreak, 

not an emerging pathogen. In our analyses, we were able to differentiate emerging 

and endemic outbreaks in 100% of the test case scenarios. Since gastrointestinal 

diseases are endemic in all parts of the world, these analyses were not performed 

for the GI family. 

 

Case Study - Rift Valley Fever Outbreak in Mayotte, France in 2018-2019 

 

On January 4, 2019 the WHO was notified of possible Rift Valley Fever 

(RVF) outbreak in the Indian Ocean island of Mayotte, about 12 cases have 

occurred in the previous month (WHO 2019). A public health official in France is 

interested in understanding more about this unfolding situation. The analyst would 

like to perform AIDO analyses prior to sending samples for laboratory tests. The 

analyst accesses the AIDO family website (beta version at http://swap-play.bsvsta 

ging.lanl.gov/)
8
 and enters in 12 cases in 1-month period. Mayotte is a small island 

in the Indian Ocean with 30-300,000 inhabitants. The outbreak is occurring among 

general population in rural area, there have not been any severe natural disaster 

events in recent weeks. The climate and precipitation category for Mayotte are 

equatorial (A) and winter dry (w). Even though this island is part of France, the 

HDI and PD values are low and <0.55 was entered for both. As an island they 

have coastal/river ecosystem and this part of Africa is endemic for mosquito-borne 

diseases. After entering all input values, AIDO library is searched for the closest 

matching historical outbreaks. The UI and results are shown in Figure 2. The top 

matching outbreaks are 1) 2006 Chikungunya outbreak from Taomasina, 

Madagascar (85%) 2) 2007 RVF outbreak in Mayotte (84%), 3) 2008 RVF 

outbreak in Madagascar (83%) 4) Chikungunya in Cambodia (2012) (77%) and 5) 

2016 RVF outbreak in Uganda (72%).  

The results indicate that most likely the outbreak pathogen is RVF or 

chikungunya virus and laboratory tests for these two pathogens should be 

prioritized. Data also indicate that while the RVF historical outbreaks had 10-30 

cases in 1-4 months, the chikungunya outbreaks had about 150 cases in couple of 

months. These suggest a possible larger outbreak of RVF or a small outbreak of 

chikungunya as a possibility. Reading through the historical outbreaks suggests, 

patients may test positive for both pathogens and testing of animal population may 

allow confirmation of RVF. AIDO also provides details of outbreak control 

measures that were successful in this region previously e.g., educational and 

awareness campaign regarding possible dangers of sick animal milk/meat 

consumption, and vector control programs. AIDO analyses also matched the 

outbreak to endemic outbreaks, therefore it is unlikely to be an emerging zoonotic 

pathogen in this case. The outbreak news from WHO reported 129 cases of RVF 

                                                           
8
AIDO 2021. Retrieved from: http://swap-play.bsvstaging.lanl.gov/. [Accessed 22 March 2021] 
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in Mayotte, during November 2018 - May 2019, proving the AIDO analyses 

during early stages of the outbreak accurate (WHO 2019). 
 

Figure 2. AIDO User Interphase (UI) 

The left hand panel shows the AIDO home page. The right-hand panel shows the UI for mosquito-

borne family and display of results. 

 

 

Discussion 

 

Traditional surveillance systems using clinical diagnosis, laboratory 

confirmation, and communication with public health official have been an effective 

strategy. However, pathogen identification and outbreak declaration tends to be 

quite slow and may result in loss of lives during the early stages of an outbreak. 

Our world has changed dramatically in the last 20 years, the availability of the 

internet and its usage for novel applications is increasing at a dramatic pace. 

Nowadays the globe is confronted with threats of bioterrorism, possible pandemics, 

massive population movement, and emerging infectious diseases. In fact, the 

global pandemic caused by SARS CoV2 virus has highlighted the extreme need 

for surveillance systems that provide adequate lead-time for optimal public health 

response (Thaker et al. 2012, Morgan et al. 2021). Syndromic surveillance was the 

first tool used by epidemiologists to identify occurrence and spread of COVID 19 

in various localities. For example, the Illinois Department of Health collected 

information on patients reporting pneumonia and shortness of breath in patients 

coming in for emergency hospital visits. These syndromic data mapped to the time 

scale of increased case count for COVID-19 (IDPH 2021). Internet based 

syndromic disease surveillance systems offers a unique opportunity to bridge the 

gap between outbreak declaration and pathogen identification.  

Web-based syndromic analyses using AIDO allows pathogen suggestion at 

no cost to users around world during early stages of an outbreak when minimal 

data are available. Data from 90 different outbreaks were used for these analyses 
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involving gastrointestinal family and mosquito-borne family. We have 88% 

overall accuracy in suggesting the correct pathogen when considering the top five 

most similar historical outbreak. This high success rate can be attributed to wide 

array of epidemiological features used for AIDO analyses. We had originally 

identified 27 different properties for our intra-pathogen outbreak analysis 

(Velappan et al. 2019). The case count and duration are the top weighted properties 

in AIDO, they allow differentiation based on the outbreak trajectory, which in turn 

reflects the biology and transmission pattern of the pathogen. AIDO’s health 

infrastructure properties (HDI, physician density) allow inclusion of historical 

pattern of effective of control measures in different nations in our analyses. 

Location specific properties such as climate and precipitation allows pathogen and 

vector species distinction in AIDO analysis. Here, we included two additional 

properties; ecosystem (coastal/river vs. other) and WHO region for mosquito-

borne family analyses. The ecosystem property allowed us to distinguish the 

habitats preferred by different mosquito species (Discover Life 2021). For example, 

Culex and Anopheles are permanent water mosquitos, their eggs require water for 

survival. Aedes spp. is floodwater mosquitos, their eggs can dry out and then hatch 

once the water is present (American Mosquito Control Association 2021). 

Including ecosystem as a property thus allowed us to discriminate between West 

Nile virus, malaria and dengue/chikungunya diseases transmitted by Culex, 

Anopheles and Aedes mosquitoes, respectively. Different parts of the world are 

endemic to different mosquito-borne diseases (Dahmana and Mediannikov 2020) 

and the WHO region property allowed us to perform the chi-test to analyze 

significance and capture this valuable distinction for the mosquito-borne family. 

Pathogen specific properties included in GI family AIDO analyses are product vs. 

site/event and contamination source (e.g., cooked food, uncooked food, water, 

person-to-person) (Lee and Greig 2010). These properties allowed differentiation 

of GI pathogen biology and transmission pattern. Population based properties such 

as population movement, occurrence of natural disaster, and outbreak among 

general vs. special group population were also found to statistically significant 

properties for mosquito-borne family. In addition, as shown in the case study 

AIDO analyses can be used to glean information on possible case count and 

duration of the outbreak as well as effective control measures taken in historical 

outbreaks. Taken together our methodology that uses comprehensive list of 

epidemiological properties, statistical analyses, and the AIDO algorithm showed 

that this is valuable tool for public health officials around the world. 

AIDO analyses will greatly benefit from increased outbreak library size, 

continued addition of newer outbreak would capture more nuance about different 

evolving situations around the globe. The analyses presented here can be further 

improved by combining the population based pathogen identification data with 

individual symptom based pathogen identification algorithm (Robertson et al. 

2010, Grantz et al. 2020, Ni et al. 2015, Koch 2016). These two algorithms can be 

used to complement and increase confidence in pathogen suggestion during early 

stages of an outbreak. Our analyses also showed that the AIDO family algorithm 

may be effective for identifying emerging disease outbreaks that represent the 

occurrence of a known pathogen in a new location. This is based on our analyses 
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of outbreaks caused by Zika virus in 2015-2016 as well as outbreaks caused by 

other mosquito-borne pathogens in new geographic areas. We showed 100% 

success in distinguishing between emerging and non-emerging outbreaks. 

However, these analyses are cumbersome since the user has to read the outbreak 

factors for the top matching outbreaks or look at similarity score spider chart to 

determine if the top matching outbreaks are emerging or endemic. Development of 

new visual analytics (e.g., color coding emerging outbreaks) will enhance the 

emerging pathogen detection using AIDO. These visual analytics combined with 

an enhanced anomaly detection algorithm that we also offer in AIDO will be an 

effective surveillance mechanism for emerging pathogen and bioterrorism 

detection. The analyses shown here can be further enhanced by developing 

machine learning algorithm to suggest outbreak pathogen. We can explore two 

approaches: 1) Suggesting outbreak pathogen(s) based on top n similar outbreaks 

identified by AIDO similarity score instead of using a fixed number for top n (5 as 

of now) outbreak. 2) Suggesting outbreak pathogen(s) based on a threshold on 

similarity score. AIDO outbreak library will be used as a training data to evaluate 

our approaches. We will use nested cross-validation to choose optimal parameters 

and evaluate our approaches on the held out dataset (Parikh et al. 2021). 

Another dramatic change in our life style in the past decade is the ubiquitous 

nature of mobile phones around the world. Availability of outbreak detection and 

analyses algorithms on mobile phones will be revolutionary (Robertson et al. 2010, 

Grantz et al. 2020). In an attempt to facilitate mobile app development for AIDO, 

we have developed 14 mobile UI mockups with Axure tool using the iPhone 8 

screen size. The mocks ups are available at this link. (https://l9429o.axshare.com) 

and a few examples are given in Figure 3. 

 

Figure 3. AIDO Mobile App Mock Ups 

AIDO mobile app user interphase and examples of screen shots are given. 

 

The data presented here and in Velappan et al. (2019) that details development 

of AIDO, involve analyses of disease outbreaks in humans. However, outbreaks 

also occur in animal and plant populations. Future work can extend AIDO’s library 

and framework to outbreaks among crops and livestock.  

 

Conclusions 

 

Here, we present a web-based visual analytic tool that can be used in the early 

stages of a disease outbreak anywhere in the world at no cost to the user. AIDO 
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uses disease family-based properties to suggest comparable historical outbreaks 

and possible pathogens using a similarity algorithm. AIDO disease family analysis 

suggests plausible pathogens within specific a disease families, which can 

ultimately reduce the costs associated with excess laboratory testing, and quicker 

onset of mitigation measures. Easy-to-use, easy-to-interpret outbreak analysis tools 

such as AIDO are important tools for containing and preventing global pandemics. 
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Metal foams are type of materials whose properties depend on the structure and 

size of porosity, so the main task of this research is to examine the effect of 

porosity and processing parameters of open cell aluminium foams on their 

properties. In order to achieve the task, experiments were carried out in which 

quantity and size of space holder material were taken as variables influencing 

the final quality of metal foams. Sintering was carried on for three of six 

samples. As a quality indicator compressive strength, energy absorption 

capability, density, microhardness and electrical conductivity were taken into 

consideration. Aluminium alloy chips were utilized as a based material for foam 

production. This way aluminium waste in the form of chips could be recycled 

without melting process. 

 
Keywords: metal foams, open-cell foam, aluminium waste recycling, solid-state 

recycling 

 

 

Introduction  

 

Metal foams are made as imitation of cellular solid structures from nature like 

wood, sea sponges and bone. The most used materials are aluminium, steel, nickel 

and titanium (Vikas et al. 2015, García-Moreno 2016). Foams differ by their cell 

structure, topology and anisotropy, which together with densities have large effect 

on their mechanical and physical properties. Because of the light weight structure, 

they have application in automotive industry which lowers the fuel consumption. 

Purpose of foams is to reduce serious car crashes because of their high energy 

absorption and long plateau region (Duarte et al. 2018a, Hussain and Suffin 2011, 

Michailidis et al. 2011). They are also used in airplane and railway construction as 

well as ship and aerospace industry (García-Moreno 2016). Aluminium foams 

contain excellent mechanical and chemical properties. They are used because of 

their remarkable energy, vibration and acoustic absorption (Zhao and Sun 2001). 

Their corrosion properties are great as well as thermal expansion and although 

they contain small density, the stiffness of foams remains high. Also, they have an 

ability to be recycled and that is why foams represent environmental benefit 

(Hussain and Suffin 2011, Sangeetha et al. 2020).  
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Foams can be categorized into open and closed cell structures. Open cell 

foams have great thermal and electrical conductivity, therefore, can be used for 

heat exchangers, filters and for medical purposes. The closed cells groups are 

usually used as high energy absorbers for vehicles, but their cell morphology, i.e., 

shapes and size of pores, is hard to control which, on the other hand, implicates 

that mechanical properties cannot be easily controlled (Duarte et al. 2018b). 

Because of their non-toxicity, open cell foams are used as water purificators. Open 

cells foams have uniform structure and homogenous pores (Michailidis et al. 2011). 

They also have greater vibration absorbing capabilities and less compressive and 

tensile strength than closed ones. Mechanical properties change with the cell size 

and morphology for both open and closed cell foams (Rajak et al. 2017, Bauer et 

al. 2013). 

 

 

Literature Review 

 

Technique which is usually applied for open cell metal foam production, uses 

metal powder and space holder mixtures due to its advantage over the other 

techniques. Control of porosity, i.e., pore size and shape, is crucial for obtaining 

quality foams. One of the most often experimental tests that is conducted for 

foams is compression test. Three regions can be noticed within stress-strain 

compression curves. The first part of these curves is linear elastic region and the 

second is plateau region in which stress oscillates around average stress. The last 

part is densification region. Compressive properties depend on the cell size. It also 

increases with the increase of foam relative density (Stanev et al. 2017a). For the 

production of open cell foams it is needed to remove space holder by leaching, 

melting or thermal decomposition (Stanev et al. 2017b). As the space holders 

sodium chloride, carbamide, various carbonates and some polymers can be used 

(Michailidis et al. 2011). It can also be used magnesium particles and polystyrene 

as well as saccharose crystals (Papantoniou et al. 2018). The structure of space 

holder determines the properties like pore size and shape and the percentage of 

porosity, the production and price of an open cell foam (Stanev et al. 2017b). 

Salt (NaCl) can be used as a space holder because of its numerous advantages. 

It has high melting temperature and fast dissolution in water. It is also free of toxic 

elements and costs less than other space holders. Its main disadvantage is 

corrosion of material that occurs when salt is not completely removed. There are a 

few studies which include aluminium metal foams that are made with salt space 

holder. Effect of salt morphology on compression properties was studied for foam 

made by aluminium powder. It was sintered by using argon gas (Michailidis et al. 

2011, Stanev et al. 2017b). Foam made with salt has high homogeneity and its 

porosity varies from 35% to 80%. It is difficult to remove NaCl with porosity less 

than 35% (Stanev et al. 2017a). Relative density of aluminium foam has lower 

value than theoretical because of partial dissolution of salt in foam (Zhao and Sun 

2001). Mechanical properties and surface of foam pores are tested using distilled 

water with and without corrosion inhibitors. It is discovered that oxide layer acts 

as irregular and porous coating and it depends on leaching time. By using an 
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inhibitor of chromate conversion dissolution, oxide layer had smaller thickness 

and uniform structure (Stanev et al. 2017a). Foams are made of aluminium powder 

and particles of NaCl with a sintering dissolution process. By changing the 

percentage of porosity, the influence of pore morphology on mechanical properties 

and energy absorption were studied. Higher fraction of NaCl particles, leads to a 

decrease in compressive strength and increase in energy absorption (Hussain and 

Suffin 2011). By using super-gravity infiltration open cell metal foams were made 

with add of NaCl with various particles size (Wang et al. 2018). Aluminium foams 

with NaCl particles were made with the addition of magnesium for less oxidation. 

Sintering time, pressure and volume fraction of components were changed to 

explore their influence on mechanical properties, density and cell morphology 

(Surace et al. 2009).  

As a space holder, carbamide or urea ((NH2)2CO) can be also used. Its 

characteristics are low price, and easy preparation. Influence of urea particles on 

metal foams was studied by changing the preparation parameters of aluminium 

foams. Carbamide is prepared with Al2O3 and aluminium powder to produce 

aluminium foam with different porosities (Stanev et al. 2017b). Other study 

includes open cell foams produced with carbamide percentage in the range from 

50 to 80%. It is discovered that size of foam pores depends on the structure of 

carbamide space holder (Hussain and Suffin 2011). Its main disadvantage is long 

time of removal from aluminium (Michailidis et al. 2011). 

Raw cane sugar was also used as a space holder. It is non-toxic and can be 

easily removed from the product. Adding Mg and Sn leads to an increase of 

mechanical properties. By changing the porosity, changes of mechanical properties 

were studied (Michailidis et al. 2011, Stanev et al. 2017a). Mechanical properties 

and energy absorption were measured using open cell aluminium foams with 

silicone rubber and epoxy resin and changing cell size and loading conditions 

(Duarte et al. 2018b).  

Most of the researchers investigated the influence of space holders on metal 

foams by using metal powders. Only a few of them were using chip waste to 

produce foams, and all these studies used chip waste to produce closed cell foams. 

It is interesting to investigate how useful are metal foams, made from recycled 

materials and what are their mechanical and electrical properties as well as energy 

absorption. This is a way to make cost savings for foam production. One of the 

investigations included aluminium closed cell foams that were made using metal 

powder and TiH2 as a blowing agent. Mg was also added in the mixture. Oxygen 

films creation was investigated as well as its influence on foam (Kumar et al. 

2013). Other studies were made using foams made with stabilizer Al2O3 and TiH2. 

The effect of TiH2 content on pore morphology and mechanical properties were 

investigated. In this case, aluminium chip waste was used (Tsuda et al. 2006, 

Kanetake et al. 2008). Aluminium flakes were mixed with saccharose to make 

foam. Mechanical properties were investigated and great influence on them had 

sintering temperature (Papantoniou et al. 2018). Another study included 

aluminium closed cell foams made with CaCO3 and CaMg(CO3)2 as the foaming 

agents and chips and their processing parameters were investigated (Haesche et al. 

2010). 
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There are no studies about the influence of processing parameters on 

mechanical properties of open cell foams produced from chip waste. In this work, 

the influence of space holder size on mechanical and electrical properties, as well 

as on density and energy absorption of foams were investigated. As a space 

holders Himalayan salt, urea and table salt were used. 

 

 

Materials and Methods 

 

Chip waste of aluminium alloy EN AW 2011 whose chemical composition is 

shown in Table 1, was used in the experiments. Figure 1 shows aluminium chips 

used as a base material in Al open cell foam production. Chips were obtained from 

milling process in which cold compressed air was used as a cooling medium, so 

chips were not contaminated with cooling and lubrication fluid. Chips were 

obtained out of EN AW 2011 block of dimensions 100 x 100 x 150 mm. All chips 

had the same volume because they were obtained with the same milling 

parameters. 

 

Figure 1. Aluminium Alloy EN AW 2021 Chip Waste 

 
 

Table 1. Chemical Composition of the Aluminium Alloy that Chips Were Made from 
Alloy Si% Fe% Cu% Mn% Mg% Bi% Zn% Ti% Pb% Al% 

EN 

AW 

2011 

0.1414 0.507 5.6631 0.0225 0.015 0.5603 0.012 0.0059 0.586 rest 

 

As a space holder table salt, Himalayan salt and urea were used with the 

constant mass fraction fraction of 60%. Table 2 shows dimensions and mass 

fraction of space holders for all made samples. Average particle size of Himalayan 

salt is 5.2 mm, for urea is 1.48 mm and for table salt is 4.74 mm. Figure 2 shows 

different space holders used in the production of open cell foams. 

 

Figure 2. Different Space Holders  

 
 

Six specimens of open cell aluminium foams were prepared in a cylindrical 

shape. 
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Aluminium chips waste was mixed with space holders in a glass container 

and rotated in different directions for 5 minutes, so as to achieve uniform 

distribution of space holders. In order to obtain compacted specimens, mixture was 

set into a hydraulic press and compressed with force of 500 kN in a mould with a 

diameter of 38 mm. Force sensor HBM C6A was used for measuring the value of 

compacting force. 

 

Table 2. Dimensions and Composition of the Obtained Foams 

Sample 

number 
Space holder 

Mass of 

sample (g) 

Length of 

sample (mm) 

Diameter of 

sample (mm) 

Mass 

percentage of 

space holder 

(%) 

1a Himalayan salt 58.71 34 40.2 60 

1b Himalayan salt 54.04 34.5 40.2 60 

2a Urea 53.22 38.6 40.2 60 

2b Urea 53.25 38 40.2 60 

3a Salt 53.57 34.25 40.2 60 

3b Salt 55.08 34.2 40.2 60 

 

For achieving additional plastic deformation, i.e., to obtain better bonding 

among aluminium chips mixture was compressed in a mould with a diameter of 40 

mm one more time using a force of 500 kN. Pressure sensor HBM P15RVA1/500B 

was used to measure pressure inside the hydraulic cylinder of the press, and 

compaction force was calculated using this measurement. After that space holders 

were taken out of the specimens by leaching in boiling water at the temperature of 

100 ℃ and in duration of half an hour. The final stage of this process is sintering 

in the nitrogen atmosphere in the furnace Demiterm Easy 9 that has maximum 

operating temperature of 1150 ℃. Three of the six samples (1a, 2a, 3a) were 

sintered at the temperature of 450 ℃ with holding time fixed to 1 hour. Nitrogen 

was supplied from an industrial bottle of 50 l. Samples 1a, 2a, 3a were sintered and 

samples 1b, 2b and 3b were not undergone the sintering process. Figure 3 shows 

six foam samples made of aluminium chips, after the sintering process of three 

samples. 

 

Figure 3. Aluminium Foam Samples 
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Relative density of metal foams was calculated as the ratio of the foam 

density to aluminium density: 

 

 
 

where  is density of foam and  is density of metal from which foam was made 

(Bekoz and Oktay 2013). Aluminium density amounts 2.7 g/cm
3
. 

 

All specimens were sanded on 600 grit paper. After that, microhardness of 

foams was measured by Shimadzu micro hardness tester HMV 2T. Microhardness 

was measured at five different locations on a cross-sectional area of the foams and 

the average value was calculated afterwards. 

Compression test was carried out on all foams using hydraulic press to 

calculate compressive behaviour of all specimens.  

Because of their lightweight structure, foams can absorb energy which is 

defined as the area under stress-strain curve and was calculated using the 

following equation: 

 

 
 

where W represents capability of the energy absorption,  compression stress and 

 densification strain (Hussain and Suffin 2011). Densification strain in this work 

was taken as 0.6. 

 

Electrical conductivity of foams can change its values because of wall 

corrugation, cracks in the cell structure as well as inclusions (Cuevas et al. 2009). 

It was measured using Agilent 3458A. Resistivity measurement method which 

was used is four-probe. A direct current passed through the measured specimen and 

between the first and the last probe. The difference of potential was measured 

between second and third probe. Resistance range of device was 10 Ω. The current 

had value of 10 mA. Maximum resolution was 10 µΩ. Electrical resistance Rf (Ω) 

of samples 1a, 2a and 3a had been measured before sintering process. Electrical 

resistance was measured five times for each specimen and average value was 

calculated afterwards. Electrical conductivity σ (Ω
-1

 m
-1

) is reciprocal to electrical 

resistivity ρ (Ωm). Electrical resistance can be calculated from the following 

equation: 

 

 
 

where l is the length of foam between the second and third probe and A is cross-

sectional area of the specimen that is normal to current flow (Dharmasena and 
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Wadley 2002). In this experiment l=20 mm and A=1268,6 mm
2
 and electrical 

conductivity was calculated out of the average electrical resistance. 

 

 

Results and Discussion 

 

Table 3 shows density, relative density and microhardness for all made 

samples. From the Table 3, it can be seen that density and relative density are the 

smallest when urea is used as a space holder, although all foams had the same mass 

percentage of space holders. Samples with urea have the lowest value of particle 

size, so the foam pores are smaller than the others. There is no significant 

difference in densities between foams made of Himalayan salt and table salt 

because their particle sizes differ by approximately 0.5 mm, while urea is much 

smaller. 

 

Table 3. Densities and Microhardness of Six Foams 
Sample number Density (g/cm

3
) Relative density Microhardness (HV) 

1a 1.234 0.457 33 

1b 1.222 0.453 112 

2a 1.086 0.402 33 

2b 1.104 0.409 111 

3a 1.229 0.455 35 

3b 1.259 0.466 119 

 

Microhardness of samples without sintering is similar no matter of the kind of 

space holder, as shown in Table 3. Great difference between sintered and non- 

sintered samples can be seen. Some authors have investigated that sintering 

temperatures less than 640 ℃ result in poor bonding of Al particles, although this 

study was made for metal powders. The sintering process has large influence on 

microstructure and mechanical properties of foams (Zhao and Sun 2001). When 

the samples were cold compressed, because of the plastic deformation, their matrix 

grains were crushed and that is why microhardness has greater value for 

aluminium foams made without sintering. When sintered, grains are getting bigger 

due to the recrystallization process and that leads to smaller values of 

microhardness. It can be seen that there is no significant difference in 

microhardness with different densities of aluminium foams under the same 

conditions. 

Energy absorption per unit volume is defined as the area under stress-strain 

curve which is related to relative density of foams. To have efficient absorption, 

the foam should deform with small stress oscillation. Difference between foam 

with large and small absorption properties can be seen in stress-strain diagram. If 

the foam is brittle, stress oscillations can be seen in the curve, while the one with 

good absorption properties has smooth curve. Strain hardening can lead to increase 

plateau stress which occurs when samples are compressed. As relative density is 

increased, strain hardening increases and densification occurs earlier (Michailidis 

et al. 2011, Fischer 2016). Absorption capacity has linear increase with the rise of 

strain until the densification strain. Authors concluded that greater sintering 
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temperature, resulted in higher energy absorption. It is also shown that 

densification starts earlier by the influence of the radial constrained boundary. 

Those specimens have larger ability of energy absorption (Papantoniou et al. 2018, 

Li et al. 2020). 

The compressive force was measured using force transducer HBM C6A and 

displacement of the punch was measured with the inductive displacement 

transducer HBM WA T-50. Out of the force-displacement measured data 

engineering stress- strain curve was calculated. Stress – strain diagram consists of 

elastic part, plateau stress deformation which has less slope than the elastic part 

and densification part. Under compression of aluminium foam, at the end of the 

plateau part, stress increases because of the flattened pores. Walls of pores have 

brittle cracks. Densification is the last part of diagram area which can be seen in 

the part with higher slope than the plateau part (Bekoz and Oktay 2013). Density 

and plateau stress are proportional to space holder size and porosity is inversely 

proportional to space holder size (Suresh and Vidyashankar 2016). As it can be 

seen in Figure 4, the sample 2a, which is sintered and made from urea space 

holder, has the highest stress value. The sample 1b, made of Himalayan salt space 

holder without sintering has the greatest elastic stress region.  

 

Figure 4. Stress-Strain Curves for Aluminium Metal Foam Samples 

 
 

Table 4 shows the properties of produced samples obtained by compression 

test. As can be seen sintered sample 2a, sample made with urea space holder, 

achieved the highest compressive strength at strain 0.6. The greatest yield stress 

occurred for non-sintered sample 1b, sample made with himalayan salt space 

holder, i.e., space holder with the highest particles size.  

 

Table 4. Compression Properties of Metal Foams 

Sample number 
Energy absorption 

(MJ/m
3
) at strain 0.6 

Yield stress (MPa) 
Compressive strength 

(MPa) at strain 0.6 

1a 3.8 1.6 13.2 

1b 7.3 5.7 27.7 

2a 7.2 3.4 30.8 

2b 6.2 3.6 17.3 

3a 5.5 3.5 19.6 

3b 5.0 2.4 20.2 
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The highest energy absorption at strain 0.6 of 7.3 MJ/m
3 

was achieved for 

non-sintered sample 1b, sample made with Himalayan salt space holder, although 

sintered sample 2a achieved slightly lower energy absorption of 7.2 MJ/m
3
. If 

sintered and non-sintered samples are compared it can be concluded that sintering 

process has a sense only for specimens made with urea space holders, because that 

process leads to high increment of compressive strength and energy absorption 

capability. Sintering process for samples made with the Himalayan salt space 

holder does not have sense because that process deteriorates compressive strength 

and energy absorption capability for these samples. Sintering process for samples 

made with the table salt space holder also does not pay off, considering that 

sintering process consumes time and thermal energy and compressive strength and 

energy absorption capability of these samples do not increase significantly in 

return. Moreover, compression strength is the same for both sintered and non-

sintered samples, while energy absorption slightly increases with sintering. 

 

Figure 5. Compressive Strength and Energy Absorption to Relative Density Ratio 

 
 

Figure 5 shows compressive strength and energy absorption at strain 0.6 to 

relative density ratio of obtained foams. It is evident from the Figure 5 that 

sintered sample 2a made with the urea space holders achieves the highest both 

compressive strength to relative density ratio as well as energy absorption to 

relative density ratio. This indicates that foams with smaller particle size of the 

space holders, in this study urea, are preferable and should be sintered if high 

compressive strength and energy absorption capability are wanted to be obtained. 

Explanation for this result seems to be higher shear plastic deformation obtained in 

cold compaction procedure, due to smaller size of the space holders, and higher 

shear plastic deformation assures better braking of the aluminium oxide on the 

chips surface what in turn results in direct aluminium to aluminium contact and 

better chips bonding. Sintering support this bonding process even more due to 

improvement in diffusion process at higher temperatures. Also foams with smaller 

space holder particles exhibit thicker walls and struts among the foam cells. Figure 
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5 also shows that non-sintered foam made with Himalayan salt space holders 

exhibits rather high compressive strength and energy absorption to relative density 

ratio which indicates these foams could be considered as an alternative to sintered 

foams made with urea. This is especially pronounced when production costs are 

taken into consideration because this foam does not need sintering process which 

consumes thermal energy. The worst compression properties exhibit sintered foam 

made with Himalayan salt space holders. The reason for this seems to be thinner 

struts and walls of the cells, and worse aluminium to aluminium contacts due to 

poorer breaking of the aluminium oxides. This is even more pronounced when 

foam is heated during the sintering process because aluminium oxides inhibit the 

diffusion process.  

 

Table 5. Values of Electrical Resistance and Conductivity of Metal Foams 

Sample number Average electrical resistance (µΩ) 
Electrical conductivity 

(Ω
-1
 * m

-1
) 

1a 416 3.7785 * 10
4
 

2a 2350 6.705 * 10
3 

3a 982 1.6006 * 10
4 

 

In the previous investigation of other authors, it was concluded that size of 

pores affects the conductivity. It has been proven that with the same porosity, the 

smaller size of space holders leads to a lower conductivity. This happens because 

more air is trapped, and small size leads to greater interfacial area, what implicates 

that more area is covered with aluminium oxides, which is an electric insulator. 

When larger size of space holder particles are used, structure is more bonded, but 

its thin wall of cells can lead to increase of conductivity (Cuevas et al. 2009, 

Goodall et al. 2006). It can be seen that the greatest electrical conductivity had the 

sample 1a made with Himalayan salt as a space holder, i.e., space holder with the 

largest particles size. As the size of space holder is getting smaller, the electrical 

resistance of samples increases. Table 5 shows the average value of electrical 

resistance calculated after five measurements and electrical conductivity of the 

foams calculated out of average electrical resistance using the equation (3). 

 

 

Conclusion 

 

The relative density of aluminium foam is the smallest when using the urea as 

a space holder. There is no significant difference in density and relative density 

between table salt and Himalayan salt. Density has no influence on microhardness 

of the samples. There is a great difference between microhardness values of 

sintered and non-sintered samples. It has been shown that sintering leads to an 

increase in grain size, which results in significant fall in microhardness. 

Sintered foams made with the urea space holders have achieved the highest 

both compressive strength to relative density ratio and energy absorption to 

relative density ratio. The worst compression properties exhibit sintered foam 

made with Himalayan salt space holders. Non-sintered foam made with 

Himalayan salt space holders exhibits rather high compressive strength and energy 
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absorption to relative density ratio which indicates these foams could be 

considered as an alternative to sintered foams made with urea. 

One of the most influencing factors on electrical conductivity is the particle 

size of space holders. It has been shown that urea, which had the smallest size of 

particles, resulted in the largest electrical resistance which in turn led to the 

smallest electrical conductivity values. 

It is obvious that compressive strength and energy absorption with regard to 

electrical conductivity are opposing properties, meaning that smaller space holder 

increases compressive strength and energy absorption while on the other hand 

decreases electrical conductivity. In that context optimization of the processing 

foams parameters is needed. 

Obtained metallic foams, due to their light weight and energy absorption 

properties, can be successfully applied as crash absorbers in the automotive 

industry, especially for electrical vehicles where operation range is still critical. 

Another application in the context of energy absorption capability is military 

vehicles protection and mitigation of high energy impacts. These foams have large 

surface area and good thermal and electrical conductivity which makes them ideal 

for heat dissipation devices, electrodes in batteries or electro-chemical purposes. 
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Intrapreneurship provides a strategic route for many organizations to achieve 

growth, keep up with changing trends and improve business performance. 

Today’s technology-based firms face a lot of pressure to innovate, meet 

increasing customer demands, and build a competitive advantage to survive and 

sustain successfully in a volatile economic environment. In this context, these 

firms are seeking to be more intrapreneurial in nature by unleashing the 

intrapreneurial capabilities of their employees. Technology-based Small 

Medium Enterprises (SMEs), in particular, have certain limitations in 

comparison to large organizations in terms of resources and innovation 

capabilities. These, therefore, impose more pressures among SMEs to utilize 

their resources more efficiently. This involves stimulating and tapping into their 

engineers’ intrapreneurial potential. In such SMEs, managers play a significant 

role in facilitating intrapreneurship and empowering and supporting engineers 

to act as intrapreneurs. There is, however, a scarcity of research on the 

management support for engineers in such SMEs. This paper addresses this gap 

using qualitative case study research. Two technology-based SMEs were 

selected in the UK that are engineering intensive and have successful 

reputations for introducing innovative products and solutions over the years. 

This exploratory study investigates how managers in technology-based SMEs 

encourage, promote, and motivate engineers to contribute towards 

intrapreneurship and facilitate their intrapreneurial initiatives. The results from 

these case studies revealed that managers play a significant role in empowering 

engineers to actively engage with intrapreneurship. They influence an 

intrapreneurial culture through open communication with their engineers and 

being receptive to their ideas. They provide continuous support throughout the 

innovation process, starting from idea generation to execution and planning. 

They facilitate a culture conducive to intrapreneurship that ensures freedom 

and flexibility to engineers with their roles and rewards their innovation efforts. 

Moreover, managers seem to play a crucial part in implementing the business 

strategy by explaining and clarifying the vision to their engineers and driving 

them to execute these through their active engagement with intrapreneurship. 

To successfully drive and sustain an intrapreneurial culture, managers need to 

provide adequate support so as to keep engineers motivated and engaged with 

their roles. 

 
Keywords: intrapreneurship, engineer, technology-based firm, small medium 

enterprises, management support 
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Introduction  

 

Intrapreneurship involves the exploration of new opportunities and innovative 

ideas within an organization. It becomes a fundamental element for organizations 

striving to maintain their market position, obtain a competitive advantage, and 

achieve superior results in business performance. Authors such as Seshadri and 

Tripathy (2006) emphasize the role of intrapreneurship to overcome the challenges 

resulting from globalization, technology change, and competition pressure by 

unleashing the intrapreneurial capabilities of employees. In the view of Bhatia and 

Khan  (2013), intrapreneurship within an organization is a source of self-renewal, 

continuous innovation, and the route to attaining a sustainable competitive 

advantage. 

The core of intrapreneurship is to obtain innovation within a company in 

every aspect that eventually leads to business success (Ping et al. 2010) by pushing 

current organizational products and services, technologies, norms, orientations, or 

operations into new directions (Antoncic and Hisrich 2003). Therefore, 

intrapreneurship provides the foundation and structure where innovation can be 

encouraged and supported to reach meaningful results.  

Many authors focused on the employee as a source of innovative initiatives. 

Scholars such as Zhao (2005) notes that the essence of intrapreneurial efforts in a 

firm stems from the innovative actions of employees. They are the main 

contributor to intrapreneurship who seek to innovate on behalf of the employer 

regardless of the difficulties they face (Amo 2010). These intrapreneurial activities 

of employees are fundamental to achieving and sustaining intrapreneurship on the 

firm level. Hence, the innovation of the firm is related to the extent to which its 

employees are innovative (Mustafa et al. 2018).  

It is the organization that is responsible for creating a supportive environment 

where employees can thrive and innovate. In this regard, this study considers 

intrapreneurship as an organization level process related to the practices, strategies, 

and behaviors by which a firm seeks to innovate, develop new products, 

technology, services, and foster more initiatives and improvement efforts from its 

employees. Nowadays, many technology-based firms have developed innovative 

products, solutions, and services by adopting intrapreneurship as a core strategy 

within the organization. For example, leading technology-based firms such as 

Sony, Apple, Google, Ericsson, ORACLE, Facebook, and LinkedIn have 

successfully enabled intrapreneurship in their business that empowered employees 

to generate advanced technological products.  

 

Manager’s Roles in Stimulating Intrapreneurship and Supporting Employees  

 

Managers at all levels have a crucial role in driving intrapreneurship by 

enabling employees’ intrapreneurial initiatives. They constitute a significant part 

of intrapreneurship success by leading their subordinates to embrace 

intrapreneurial activities. They promote intrapreneurship by encouraging and 

supporting employees and recognizing their innovative efforts (Neessen et al. 

2019). According to  Moriano et al (2014, p. 104), management support refers to 
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the “willingness of managers to facilitate and encourage intrapreneurship; 

including the championing of innovative ideas and providing the resources that 

employees need to take intrapreneurial actions”. For Frederick et al. (2016), 

management support involves structuring the management in a way that convinces 

employees to believe that innovation is a mandatory part of their job role. Some of 

the specific practices and positive attitudes that reflect management support are the 

quick adoption of employee’s promising ideas, championing of innovative ideas, 

recognition of people who bring ideas forward, support for small experimental 

projects, and providing necessary resources or expertise and financial support 

(Kuratko et al. 2005, Frederick et al. 2016). Their support is extended along the 

intrapreneurial process by providing feedback, evaluation, continuous adjustment, 

and experimentation, thereby facilitating the intrapreneurial process (Bolívar-

Ramos et al. 2012). Moreover, managers have a strategic role by creating and 

implementing business objectives and sharing a common vision and a culture of 

learning to all employees (Bolívar-Ramos et al. 2012). 

 

The Significance of Engineers Contributing to the Firm’s Innovation Success 

 

Various studies have demonstrated that the realization of intrapreneurial 

activities requires management support that is very important to those employees 

willing to undertake intrapreneurial activities (Neessen et al. 2019). The top 

management of the company should focus on not just attaining talented people but 

also on retaining them by giving them the chance to demonstrate their 

intrapreneurial abilities (Bhatia and Khan 2013). Innovation has to be supported 

from top to bottom by organization processes, structures, and a culture that 

facilitates idea creation and product development.  

The intrapreneurial contribution from engineers in an SME is critical to the 

firm’s growth, sustainability, and competitiveness. An engineer’s skills and ideas 

are a great source of technological development in existing companies (Alam et al. 

2020). Today the roles of engineers have evolved, and they are expected to go 

beyond their status quo, such as the usual technical responsibilities. They need to 

understand the market, commercial aspects of their work, and the customer 

segments to develop and align their innovation towards the relevant market sector. 

Menzel et al. (2007) called such engineers the “technology intrapreneurs” who 

foster innovation and exploit new ideas into commercialized technical products 

and services.  Retaining such engineers in SMEs is vital for their success and 

survival. As SMEs usually have challenges with limited resources, they can not 

afford to lose such talented engineers as it will have a more significant negative 

impact than it will on large firms (Carrier 1996). In technology-based SMEs, it is 

essential that organizations develop strategies and approaches to facilitate 

innovation and encourage their employees to challenge, explore, generate, and 

implement new ideas (Bagheri 2017). Managers have a substantial role in the 

overall success of intrapreneurship. They could encourage or inhibit intrapreneurship 

based on how they deal with their employees and whether they are supportive of 

their employees’ initiatives (Bouchard and Basso 2011).   
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Research Gap 

 

Based on the literature review, it is apparent that engineers’ engagement with 

intrapreneurship in technology-based SMEs is critical for exploring new business 

opportunities and innovation; therefore, managers should look into developing 

their engineers’ intrapreneurial capabilities. There is a lack of literature on 

management support for engineers in SMEs for facilitating intrapreneurship. The 

purpose of this paper is to explore the factors by which managers can support 

engineers to engage with intrapreneurship effectively. The paper will address the 

following question:  

 
How can managers in technology-based SMEs encourage, promote, and motivate 

engineers to contribute towards intrapreneurship and facilitate their intrapreneurial 

initiatives? 

 

 

Methodology  

 

This study is based on qualitative research using a multiple case study 

approach. The two case studies presented in this paper were purposefully selected 

as they are technology leaders in the fintech and medical industries that created 

some of the ground breaking products and solutions in the market. Both 

companies fit within the SME criteria with less than 250 employees. In addition, 

they are engineering intensive firms with an intrapreneurial culture where engineers 

lead, create, and implement innovation. 

The case study methodology is appropriate to investigate and explore a 

contemporary phenomenon in more depth in its real world (Yin 2017). 

Furthermore, multiple case study allows for cross-case analysis to draw on general 

patterns and similarities across cases (Eisenhardt 1989). Primary data was 

collected through semi-structured interviews representing management from 

different hierarchal levels, including executive and middle management. A sample 

of engineers was selected from various backgrounds, roles, and work experience to 

get an in-depth picture of their organizational culture. Participants’ information is 

provided in Table 1. Interviews were conducted online due to COVID restrictions, 

and each lasted for approximately an hour. The recorded interviews were 

transcribed then analyzed using Nvivo, which is a qualitative data analysis 

software program. “Snowball sampling” was applied, in which interviewees were 

asked to recommend further participants. To build a comprehensive case study, 

secondary data in the form of internal company information, technology, 

marketing, and financial information were also utilized from published interviews 

and company websites. 

Semi-structured interviews follow open-ended questions, allowing the 

researcher to investigate and explore further important topics that emerged during 

the interviews. An interview guide was developed with reference to the main 

research focus. Questions for managers revolved around their practices in 

promoting innovation; how they empower their engineers and engage with them, 

how they support the creation of an intrapreneurial culture, how they align their 
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engineers to adopt and execute the firm strategy. Engineers were asked questions 

focused on how they perceived the management support for their innovation 

initiative, how they engage and communicate with managers, and what challenges 

they face when embarking on any innovation project. 

As with all research projects, this study has a few limitations. These limitations 

are inherent in the adopted research design. Qualitative case studies are limited by 

the sensitivity and integrity of the researcher as they rely heavily on their own 

instincts and abilities throughout the research (Merriam 2009). Owners and 

executive managers of organizations may introduce some form of personal bias 

during interviews and could potentially give a different representation of reality. 

This may constraint the ability to present and comprehend accurate and informative 

data. This potential bias may also manifest itself when engineers express their 

opinions and views about their managers, other team members, and the organization 

as a whole. Saunders et al. (2016) highlight the “participation bias” that may result 

from the nature of participants. Perhaps only respondents who are comfortable 

with their experience might agree to participate, whereas those who refused may 

have different opinions and perspectives. One of the possible ways to eliminate 

such limitations is by triangulating data analysis so as to build a comprehensive 

view of the phenomenon. 

To achieve anonymity, interviewees were assigned a specific code, as shown 

in Table 1. The companies are referred to as C1 and C2.  
 

Table 1. Information and Reference Code for Participants 
Company 

Code 

Company 

information 

Participant 

Code 

Title Years of 

experience 

C1 

Industry: Fintech 

  

Number of 

employees: 200+ 

Participant 1 Engineering Director 23 

Participant 2 Head of product 

development 

17 

Participant 3 Manager Anonymized 

Participant 4 Engineering manager 14 

Participant 5 Machine learning 

engineer 

4 

Participant 6 Lead machine learning 

engineer 

15 

Participant 7 Software engineer 6 

C2 

Industry: 

Pharmaceutical 

  

Number of 

employees: 70+ 

Participant 8 Engineering director 34 

Participant 9 Business development 

director 
35 

Participant 10 Projects director 30 

Participant 11 Project group manager 8 

Participant 12 Project engineer 2 

Participant 13 Project manager 4 

Participant 14 Project engineer 3 

 

Case Study - C1  

 

C1 is a technology leader in Financial Technology (Fintech) industry and is 

considered a benchmark company in the UK and globally. The core business 
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focuses on creating and developing products and solutions for banks and financial 

services by integrating new technologies in Artificial Intelligence (AI), Machine 

Learning (ML), Big Data, and cloud solutions, and very knowledge-intensive, 

focusing on applied research.  

Following its launch in 2014 as a startup SME, the firm is considered a fast-

growing firm. The revenue has doubled in recent years, and the business expanded 

to over 400 enterprise clients across 70 countries. From the outset, its strategy 

focused on growth, market expansion, and building innovative products and 

solutions by pushing financial crime-fighting technology boundaries.  

The company’s success depends a lot on engineers' initiatives to drive 

innovation as they play a major role in creating new ideas, exploring new 

opportunities, and deploying innovation to achieve a competitive advantage in the 

market. Innovation is not exclusive to certain engineers but is expected from all 

engineers regardless of their level, experience, or function. They empower 

engineers to act as innovators so that they can effectively contribute towards 

addressing market gaps and customer challenges by exploring and applying new 

solutions.  

The intrapreneurial setup in C1 reflects a mix of different elements of 

management support, including that along the innovation process, building a 

supportive culture, and creating a clear vision and strategy that determine how the 

firm succeeds in harnessing its engineers’ skills and capabilities.  

 

Leadership and Management Support  

 

The results indicate that management support is crucial for success in the 

intrapreneurship process, starting from idea generation to idea development and 

finally implementation. Managers play a major role in encouraging and supporting 

ideas initiated by their engineers. In C1, they appear to be very receptive and 

welcoming to new ideas. According to Participant 5, “my direct manager or his 

manager always encourages new ideas and suggestions. They are coming from an 

engineering background and have a sense of engineering ideas”. C1 runs quarterly 

meetings for all engineers with a focus on idea sharing. This gives them a platform 

to present new ideas directly to their managers and executive team and get 

feedback, suggestions, and advice on how to take things forward. Engineers are 

encouraged to discuss any new ideas or suggestions regardless of its perceived 

quality.  

One of the important roles for managers is to discuss ideas brought in by their 

engineers and challenge them if needed. Participant 1 explains that a good manager 

always explores and reviews the idea with their engineers and asks challenging 

questions to shape the idea better so that the engineer has useful feedback to 

further strengthen the concept. As noted by participant 6, challenging engineers 

will make the idea better so as to convince higher management in the later stages. 

Further steps are taken so as to conduct a feasibility study and evaluate the value 

of the idea and how it fits within the firm’s strategy. Managers in C1 has been able 

to provide this level of technical support as they all have engineering/technical 

background. Such background allows managers to understand the technical 
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aspects of their teams’ initiatives. They can easily mentor engineers in these areas 

due to their familiarity with the subject. Participant 1, who is a manager, says, “I 

think because I have come from an engineering background, I can understand the 

engineers when they explain their ideas. Managers need to have the same mind as 

engineers and to be close to speaking the same language so engineers can easily 

communicate with them”. 

 

Intrapreneurial Culture in C1 

 

In C1, an intrapreneurial culture is related to management practices driven 

mainly by the Kaizen
9
 process, which results in creating a supportive culture based 

on continuous improvement where engineers and managers from all levels are 

actively engaged in suggesting and implementing improvement to the company. 

Applying Kaizen is an advantage to C1 in terms of driving their  culture and 

structuring different engineering teams so as to build a learning environment based 

on effective teamwork and collaborative working style. Teams are structured with 

reference to Kaizen in an agile and self-organizing way consisting of tribes and 

squads. Different tribes of engineers are working on different product lines 

consisting of multi squads.  

This structure of tribes and squads formed from different engineering expertise 

and disciplines makes every team very independent, owning specific parts of 

functionality end to end, integrating different perspectives and experiences, and 

enabling knowledge sharing among team members. The firm is working on 

advanced and complex technologies, and part of the Kaizen value is to provide an 

opportunity for engineers to learn and build new competencies continually. This 

structure allows the management to quickly build teams and provide the 

opportunity for engineers to move between different squads. In particular, one 

aspect of achieving a Kaizen culture is to motivate engineers for technical learning 

and upskill their capabilities. According to participant 4, “I think the most 

important thing is to make sure that your team is motivated for learning, there are 

multiple ways to encourage people to learn and support them, provide them 

options like watching related videos, attend seminars and conferences, study 

groups and latest article discussion and knowledge sharing”. 

The culture in this company is a construct of multiple mechanisms that are 

supported by managers. These intrapreneurial factors and mechanisms are aimed 

at spreading freedom and flexibility in every aspect, recognizing and appreciating 

engineers for their contribution to innovation, ensuring a good communication 

                                                           
9
“Kaizen” refers to a Japanese word which means “improvement” or “change for the better”. 

Kaizen is defined as a continuous effort by each and every employee (from the CEO to field 

staff) to ensure improvement of all processes and systems of a particular organization. Today 

KAIZEN™ is recognized worldwide as an important pillar of an organization’s long-term 

competitive strategy. Since introducing this term as a systematic approach for business 

improvement, companies that implement KAIZEN™ have continually yielded superior results. 

The implementation of the principles of KAIZEN in any organization is fundamentally 

important for a successful Continuous Improvement culture and to mark a turning point in the 

progression of quality, productivity, and labor-management relations. 
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level between team members and with their subordinate and higher management, 

and providing support system with adequate resources in place.  

The following section will discuss how managers in C1 have succeeded in 

establishing an intrapreneurial culture for their engineers: 

 

Flexibility in an Engineering Role 

Managers in C1 are keen on supporting a flexible culture, particularly with 

their engineers’ roles. Engineers are given the freedom to innovate, and in this 

context, participant 1 notes, “The way to motivate engineers is to give the space to 

innovate, provide them the problem and give them the freedom on how to solve it 

within the right constraints”. Participant 4 similarly explains how the freedom 

given to implement innovation will provide engineers with more innovative 

options to explore new ways and new technologies, “We give engineers the 

objectives and the goals that we want to achieve, and it is up to them to come up 

with some ideas and solution which can be implemented to achieve these goals... 

By encouraging autonomy, it will encourage engineers to work independently and 

have their own decision as long as it is aligned with the vision”. In this context, 

freedom allows engineers to solve problems and start working to create innovative 

solutions without having to consult their managers for permission. As noted by 

Azami (2013), intrapreneurship motivates employees to come up with distinctive 

business initiatives without necessarily taking formal permission from the 

management. In this regard, participant 1, as a manager, clarifies, “I am 

empowering engineers within the teams to have the autonomy, I am very clear that 

if somebody spotted a problem, my first response is, can you fix it? People do not 

need to ask my permission to do or try something sensible. Even if it is something 

that ultimately fails, they do not need to seek my permission to try or do. They 

need my permission if they want to go far off the roadmap or to miss customer 

commitments”. This encourages engineers to enjoy finding their own way of 

doing things, managing their work, and taking ownership without consulting their 

leaders. 

 

Recognition, Appreciation, and Rewards 

Another significant aspect of managers’ support is the recognition, appreciation, 

and rewarding of innovative efforts. C1 has adequate attractive and competitive 

reward systems with various benefits and incentives that influence their 

intrapreneurial culture. The firm is providing a transparent system of rewards 

based on engineers’ achievements and contributions to innovation. According to 

participant 3, “We ensure that all compensation and benefits are in line, and we are 

not offering to pay unfairly. So if somebody who constantly keeps bringing new 

projects and innovation into the business, even though you are a senior software 

engineer, you may be paid very differently to another senior software engineer 

who has not submitted any projects or not going above and beyond”.  

In this firm, it is clear that the level of rewards and salaries is not only granted 

for good technical skills but also related to the innovation created and the extra 

performance shown within the business. Here engineers feel that they are valued 

and appreciated for their efforts. Some engineers are satisfied with the recognition 
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from their manager, whereas some prefer simple rewards such as an Amazon 

voucher. Participant 5 highlights that “We have a quarterly top management team 

meetings where if anyone has done something particularly exceptional, then it is 

announced to the organization”.  

 

Resources Availability 

Managers are very supportive of providing various resources to their engineers 

so as to facilitate the process of innovation. This encompasses financial support for 

experiments and testing and the allocation of professional expertise to provide 

further guidance if needed. For example, participant 2 explains, “Our management 

supports to secure the required expertise from engineering teams and bring non-

engineering resources to the equation of innovation to exploit it, they pull all sort 

of resources to make it a success”. Engineers have access to most of the firm 

resources when embarking on innovation. They have the freedom to use the 

existing tools, software, and lab facilities to support them to work on their own 

ideas and pursue innovation.  

 

Communication and Frequent Team Meetings 

In this open culture, flexible communication methods are well established 

throughout the entire organization so that engineers can express and share their 

ideas. Managers play a significant role in the communication between the engineers 

and the executive team. They bridge the two layers and facilitate communication 

on both sides. They encourage and get updates and feedback from engineers then 

feed up to upper management. Furthermore, engineers can contact the executive 

team and the CEO directly and discuss with them any new ideas.  Participant 5 

mentioned that he could reach out to other managers besides his own manager to 

discuss any initiative or idea. He commented that other managers are easily 

reachable and approachable. 

Managers are keen to communicate with their engineers on a friendly basis 

and keep them updated about any news related to the firm, clients, and the 

industry, so engineers remain tuned and aligned.  

 

Alignment with Company’s Vision 

 

The firm has started with a clear vision that aims to solve financial crimes 

across the world. This vision motivates everyone in the firm to deliver innovative 

products that make a significant contribution to society and peoples' lives.  

The clarity of the strategy is critical to promote innovation as a way to deploy 

the strategy. The organization sets the overall strategies for the future with clear 

goals to achieve, and here the management believes in sharing the vision across all 

employees. The yearly goals are classified into specific themes quarterly and 

shared in advance with all engineers so that they can think about it. On the team 

level, managers define general themes and leave it for engineers to decide how to 

achieve these goals and how to solve the relevant market challenges. According to 

participant 7, “Our entire work is based on the company’s objectives. So that it is 

being shared and discussed across the company, not only on the higher level but 
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also on every level of hierarchy”. Here the role of engineering managers is crucial, 

as participant 4 explains, “My role is not to dictate the vision. My role is to 

communicate the vision and make sure that goals are very well defined, and 

convince engineers that it is the right one that takes the company in the right 

direction”. 

The management in C1 is always transparent about their vision and goals and 

is open to discuss these with their engineers. For every level of granularity, 

engineers have the right to ask questions and understand why the team has agreed 

on specific goals, and obviously, they know what they are doing and how it fits 

with respect to the company's overall long-term goals. Sharing the vision on every 

level and involving all engineers will convince engineers to be part of the strategy 

as they consider themselves partners in charting the organization’s direction. 

Engineers are encouraged to give feedback on the strategy. According to participant 

3, “We try to encourage engineers to give very honest feedback in the engagement 

surveys and also in the one-to-one meeting with their managers…. the vision and 

our mission keep us all guided and aligned throughout the year, but in terms of 

their team ways of working, everybody should be very flexible about it”.   

Such clarity with the company’s growth, direction, and vision and the 

management’s support to translate these into clear goals can facilitate the 

innovation initiated by engineers.  

 
 

Case Study - C2 

 

C2 is a world-class engineering and process automation company that operates 

in the pharmaceutical and medical industries. The firm's core business focuses on 

designing, manufacturing, and supporting high-end production equipment and 

machinery through the development of custom technology. The company offers a 

powerful combination of product development and customized automation skills 

and methodologies to help customers develop, launch and commercialize new 

products faster and at a lower cost.  

Since it was founded in 2006, the firm has grown rapidly with around 10% 

year-on-year profit increase. The firm has more than 500 global clients, and its 

specialists have been named on more than 250 patents across a broad range of 

products and solutions. The firm has expanded its business among multiple 

markets, including pharmaceuticals, medical devices, confectionery, household 

goods, and personal care. Recently they have entered a new market which is the 

food industry.  

The firm is an engineering-intensive resource with around 80 employees. 

More than 80% of their employees are engineers who come from diverse 

backgrounds such as electronic, software, and mechanical engineering. 

Fundamental to this firm's growth and success is the investment in the skills of 

engineers and having a powerful combination of their intellectual talent, high-

quality engineering, and knowledge across-industry. 
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Creating Well-Rounded Engineers 

 

The firm’s recruitment strategy focuses on the hunt for creative and energetic 

graduate engineers, who like learning about multiple technologies, can think 

laterally, and enjoy a technically challenging environment. The recruitment 

process focuses on recruiting new graduate engineers who have high academic 

achievement from well-ranked universities. Participant 11 explains, “We get a lot 

of grads from high-ranked universities. And I guess at that point, they have already 

proven they have got the intellectual horsepower… when they arrive, they are 

fumbling around a little box that is so completely new for them... But we sort of 

get them up the learning curve quite quickly... And then within about six months 

or a year, they are almost on their own feet, and they really start to add value”. 

One of the main strategies used by managers in C2 is to develop well-rounded 

engineers with a rich diversity of experiences and competencies. Managers focus 

on developing the experience of new graduate engineers quickly. The Graduate 

Development Program (GDP) has been developed internally by higher management 

and expert engineers to equip new engineers with a wide range of technical skills 

from around the firm. The program focuses on specific core competencies, which 

are valuable for all engineers. They learn by joining other teams and working on 

different equipment, tools, software, and technologies. The program lasts for two 

to three years, and the engineers who undertake this program are encouraged to 

develop the relevant competencies within the set timeframe. Participant 12, as an 

engineer, commented on his own experience about the GDP “They want you to 

see as many parts of the company as possible. So you have got certain targets to 

meet with different disciplines. So you get skills in pneumatics, electrical drawings, 

manufacture, product completion, product development, get these different 

categories in your first two or three years... So they try and keep it broad. You get 

to see as much of the company as possible… they definitely allow you to do a 

mixture of skill”. 

C2 understands that having well-rounded engineers is not just about focusing 

on their technical skills. They are also very keen on building commercial and 

business skills among their engineers. In the first four months, engineers are 

exposed to the business department to learn about their customers, project 

management, and the commercial side of the business. Participant 12 commented 

on his own experience “I did a rotation in the business development team for four 

months. And I learned a lot… there are design reviews, seeing the commercial side 

of the project, and making those business decisions. And there is a lot more that 

goes into it than just engineering know-how… it is risk management, and how we 

evaluate customers, that was really eye-opening… there is a lot of soft skills which 

are really important like communication with the customer and writing reports”. 

 

Management Support towards the Innovation Process 

 

In C2, managers play a major role in supporting engineers with their 

innovation initiatives. They act as a technical mentor and sponsor for their 

engineers. According to participant 12, “I thoroughly like our managers because 
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they do listen. They are very understanding... they will push innovation, but then 

they will help you when you need it. They give you a lot of control over the 

projects and responsibility as well”. The findings revealed that managers are 

always receptive to new ideas, and as most of them are engineers by profession, 

they challenge their engineers when they come with new ideas/concepts and 

provide technical support to further shape these.  

Managers are encouraging engineers to be active contributors to innovation 

by working on new ideas and concepts. They welcome any kind of idea, and they 

believe that there are no weak or bad ideas. This encourages engineers to speak out 

their thoughts and suggestions. According to participant 11, “ It is definitely up to 

the manager to allow people who are very unsure about their ideas and who 

sometimes say things like- this is a stupid idea… So managers want definitely to 

get that enthusiasm up as well”. Participant 9 agrees with this perspective and says, 

“We are making sure to create a safe environment for people to voice ideas… and 

people do not feel threatened with suggesting new ideas”.  

Engineers have open channels to voice their idea to any manager at any level 

in the firm, as explained by participant 12. He adds, “So managers welcome any 

innovation. So if you have an idea of any sort, you can tell your managers, the 

directors etc, and they will listen. And then, probably tell other managers and 

directors and then weigh up whether it is beneficial or not to the company. All 

ideas are welcomed no matter what they are… everyone’s there with open ears 

and welcome ideas for the company”. 

Through the nature of the business by running customer projects, managers 

also encourage ideas that pop out during the project cycle. For example, participant 

13 explained how he got a new idea after a conversation with a customer. The next 

day, he had a  discussion with his manager to build this idea further. This idea 

gave C2 a good opportunity to add value to the project and satisfy their customers. 

Similar to C1, managers here are also involved in technical discussions with 

their engineers. As noted earlier, here, all managers have an engineering 

background, including the founder and the executive team. In this context, 

participant 10, as a manager, explains how he is involved with the technical 

details, “I still get involved with technical projects. I will help project where I can. 

Typically I will point out where there might be some risks, and it is just through 

experience… the detail is really important. It is important to have that level of in-

depth knowledge and give high-level guidance and make sure engineers are not 

going in the wrong direction”. As a policy of the firm, engineers can potentially be 

promoted to managerial positions as part of their Continuing Professional 

Development (CPD). Participant 8 highlights, “We are probably quite weak from a 

managerial perspective because we do not go looking for good managers, we go 

looking for good engineers. And then the better ones of those tend to get promoted 

into managerial positions ”. This enables managers to provide technical support to 

any idea they receive. Participant 13 explains, “If you come with an idea and the 

managers like it, they will definitely give suggestions… so they never want to 

shoot you down. They will always want to bring you up, but they are really good 

at suggesting ways to improve the idea”.  
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Intrapreneurial Culture in C2 

 

The organizational culture within C2 is influenced by a management style that 

provides freedom for engineers, building competencies, rewarding them, tolerating 

mistakes, and maintaining effective and open communication. The culture reflects 

motivating engineers and trusting their capabilities to be an active contributor to 

the firm's innovation success. Participant 10 describes the culture - “It is a culture 

with intrapreneurial spirit to discover opportunities and seek a potential solution 

and create a business out of it”. In this context, participant 9 adds, “Trusting 

engineers is a big part of the culture, showing the trust but also setting a high 

expectation… you know, we expect engineers to come forward with ideas and 

contribute and challenge”. 

 

Flexibility with an Engineering Role 

Part of sustaining an exciting work environment in a  technical company is by 

providing freedom to engineers with their roles. According to participant 9, “In our 

business, engineers have some level of autonomy, they are in charge of their own 

work, which keeps people interested in what they do… it’s not about money. It is 

about self-determination”. All participants confirmed that there is no micromanagement, 

and engineers have the flexibility to decide how they go about completing and 

performing their assigned roles. 

In this firm, engineers are also permitted to move between teams to build new 

skills and strengthen their expertise in new areas. According to participant 8, “We 

allow engineers to move between roles, teams, and get varied experience… what 

we encourage within the business is that everybody does a bit of everything. It 

does keep us quite sharp. It is the downside you never quite become a master of 

anything… So you have to jump from technology to technology, from industry to 

industry. And everybody in the business needs to be sharp”. This wide variety of 

experience motivates engineers as it makes their role more dynamic and helps 

them see the big picture of the entire business, as highlighted by participant 7. 

Managers in C2 are keen on making the roles more exciting for their 

engineers, and hence their roles are designed according to individual interests. In 

this regard, participant 8 confirms, “We have been able to construct roles around 

individuals as opposed to having a role and then forcing somebody to do that job”. 

For example, participant 12 explained how she was interviewed for a specific 

mechanical engineering role, but during the interview stages, they discovered that 

she had a design background as well. This led her to be assigned to projects related 

to both areas.  

 

Recognition, Appreciation, and Rewards 

The company’s reward system has wide monetary and recognition options 

that are very important to acknowledge and appreciate the innovation initiatives 

coming from engineers. Participant 9 explains how innovative engineers are 

rewarded, “if there is a really talented engineer, who is making a mark for 

themselves and making a difference… we have discretionary bonuses at the end of 
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each year for these innovative efforts”. Also, monetary rewards include salary 

reviews and increases. 

Other forms of recognition include acknowledgment and appreciation from 

managers to value their engineers’ innovative efforts, “I think a big part of 

recognition is the personal recognition… we acknowledge the engineer and tell 

him that he did a good job, by their manager, or the Managing Director”. 

Participant 10 highlights that exemplary achievements are announced throughout 

the firm so that if an engineer in a project achieved something, there would be an 

email that goes out to everybody. Such recognition will naturally motivate others 

to express their innovative ideas and go the extra mile. 

C2 also has a scheme similar to C1 where some engineers are promoted to 

managerial positions as part of recognizing their strong capabilities. For instance, 

participant 13 was promoted to a project manager role only after three years of 

experience as an engineer. Such a role is usually offered to employees following 

many years of experience in other companies.  

 

A Culture that Tolerates Failure 

One of the motivational factors for engineers in C2 is to pursue innovation 

without the fear of failures and mistakes. Participant  9 explained, “It is not a 

blame culture really... I think failure very much happens … Yet you learn from it 

and move on… we do not tend to have many shouting matches. People are not 

punished… I do not think in our organization we have ever got rid of anybody 

because of a mistake he did”.  Participant 11 explains how fear of failure affects 

and limit innovation, “people who work for me understand that mistakes can be 

made sometimes, which hopefully gets through that fear of innovating... Engineers 

are not afraid to make mistakes or make decisions by themselves, and therefore 

they are not afraid to innovate at a certain level”. 

 

Open Communication and Engineers’ Involvement 

The open culture and work atmosphere in C2 has been described by all 

participants in the interviews. Participant 12 explains, “So the culture in the office is 

very open. To be honest, the people make you try and perform better”. Participant 

13 summarized the social environment, “It is like a family, you still know 

everyone’s name, You know their partner’s name. You know much stuff about 

them”. According to participant 13, there are frequent formal meetings with line 

managers for general discussion, “once a week you have a meeting with your line 

manager as a team, and that is where you are given all the updates… you get all 

the information, and then obviously we get emails throughout the week”. 

However, in C2, the key element is open communication. 

Managers are reachable and interact directly with their engineers. What 

facilitate this interaction is the design of the physical working environment as 

highlighted by participant 10, “we have an open-plan office. So I think with the 

open-plan office is an open culture, you know, people communicate directly”. This 

enables engineers to get instant support and help by directly contacting the 

managers or senior engineers as they sit within a few meters on the same floor. As 

a result, engineers build a sense of trust with their managers and are encouraged to 
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voice their ideas directly to management. Therefore, there is a high-quality 

relationship between employees and managers represented by having mutual 

confidence/trust, as most participants explained.  

Engineers are involved with the overall company getting business updates 

through open communication with senior executives and line managers. This 

makes them feel like an integral part of the firm, and their scope is not limited to 

the news of their team or group.  There is effective communication between group 

heads and their teams of engineers on a monthly basis.  

There is a quarterly business update meeting involving all employees. 

According to participant 11, “Every quarter, so we have a business update meeting 

against the finances and things like that. But we also got each group head to talk 

about all the projects that are going in the group at that time. So you get some 

visibility of the ongoing projects”. From the engineers' perspective, they consider 

this involvement crucial to get a wider sense of what is going on in the business 

and with other groups. 

 

Alignment with the Company’s Vision 

Similar to C1, a clear vision of the firm is transferred down to engineers in 

terms of specific group targets and the expectations from engineers. The group 

head updates their engineers quarterly on the group target. As an innovative firm 

based on customer projects, engineers find it challenging to execute the firm 

vision. Participant 12 explains, “Projects do change, sometimes the nature of the 

project change, priorities are changed, and sometimes it puts one in a reactive 

position”. He adds how this requires dynamic engineers who are willing to accept 

and adapt to project changes, “Engineers cannot be uncomfortable with changing 

what they do. You have to be ready to change and go with the flow…. engineers 

need to be flexible and accept changes”. In C2, engineers show a high commitment 

to the project plan, deadline and work to the best of their abilities in order to satisfy 

customers. 

Middle managers and group heads are playing a pivotal role in translating the 

business strategy down to their engineers. Participant 10 explains, “If we are trying 

to explain to people why we wanted to go down a particular strategic route, we 

would generally have done the market research. We would put a series of 

PowerPoint slides together, and we would present them. So maybe first it is 

presented at board level, but then it would be presented across all engineers”.  

Engineers are exposed to market research. They are given the opportunity to 

attend external conferences and the latest trade shows. According to participant 8, 

such opportunities help engineers in spotting new opportunities and understand 

competitors and go beyond their technical roles. He notes, “In terms of developing 

products, one of the things that we tend to do is expose bright engineers to the 

marketplace at a very early stage in their career. So a lot of engineers are very 

introverted and very shy and hate going out to competitors... So our best 

playground for sales and marketing are technical conferences... We will normally 

send a senior engineer and junior engineers to understand a little bit more about 

our market and to spot opportunities”. One of the successful products developed in 
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this firm was proposed by a young engineer who spotted the opportunity during a 

trade show.  

Managers authorize engineers to work and interact directly with customers to 

understand their specific needs, open new conversations, and propose solutions for 

their challenges. All engineers, regardless of their level, are encouraged to 

communicate with their customers. Participant 10 adds, “Everybody has the 

opportunity to generate business and to grow the company. People recognize that 

they need to see what the competitors are doing and what the industry needs… the 

industry does not advertise what they need or what they focus on… So engineers 

have contact with customers, but they need a level of knowledge and the 

confidence to be able to explore customer's problems. We try to give everybody 

that exposure”. Participant 9 explains how despite having a project leader for each 

project, all team members are allowed to contact customers and attend customer 

meetings. Managers facilitate this interaction, and in this context, participant 10 

notes, “Everybody should be able to deal with a customer.. most people are good 

at working with customers…the customer-facing role is important because that is 

where they really learn… by the nature of engineer some are not good to meet 

customer and do not perform well in front of customers. So if they continue to do 

that, we try to guide them and help them to improve... But then if they are not, then 

they tend to get more technical, internal work and less customer facing”. Participant 

13 cited an example when interacting with their customers sparked a new 

innovation. He explained how installing a machine at a customer’s site and having 

a direct chat with them led him to an idea to add a new feature to one of their 

products. Today it is a successful selling feature for C2. 

 

 

Discussion 
 

Although the two cases belonged to non-homogeneous industries, similar 

patterns emerged from the above discussions. Managers can positively impact the 

overall organizational culture and can empower engineers to engage with 

intrapreneurship. From the results, the following model (Figure 1) represents the 

main factors by which managers harness the intrapreneurial capabilities of their 

engineers. 

In both cases, managers seem to come from mostly engineering or technical 

background, which enable them to understand the technical language of engineers. 

This helps them to act as technical referees and provide mentoring and support to 

their engineers along the innovation process. Many engineers consider their 

managers as role models who inspire them to be proactive and engage with 

intrapreneurship. Managers provide an environment where engineers feel confident 

and trusted with any idea, suggestion, or problem they bring to their managers and 

get justifiable feedback for rejected ideas.  
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Figure 1. Management Support for Intrapreneurship in Technology-based SME 

Model 

 
 

Both C1 and C2 provide flexibility to their engineers to join other teams and 

get new experience and skills. This gives them opportunities and challenges to 

work on, exchanging knowledge with other groups and keeping the learning curve 

going up.  

A reward system is important for promoting intrapreneurship as it can have a 

powerful influence on employees’ engagement (Carraher et al. 2003). It is evident 

that both firms have different mechanisms of monetary and non-monetary 

incentives to reward engineers. Money may not be the most important motivator of 

intrapreneurship, as noted by de Villiers-Scheepers (2011). The findings from this 

study support this view. In this context, participant 10 from C2 confirms, “We find 

that money remuneration is not the most significant driver for engineers... That is 

usually sort of short-term rewards, but being associated with something or having 

your name associated with a solution, I think that is the kind of recognition that 

lasts”. The reward system should be tailored to accommodate the preferences of 

different engineers. Participant 8 explains, “I think it depends on the engineer. 

Some engineers love to have papers to their names... Other engineers love bonuses 

and pay rises. Some engineers love the recognition, so they prefer to be called out 

in a company event about something great they have done. Some engineers would 

really hate to have a name mentioned in the company events. So I think it is about 

the individual”. 

It is clear that managers create a clear vision and strategy that are reflected 

and shared at the engineering level with clearly defined objectives and targets. It is 

very important to keep engineers’ initiatives and ideas aligned with the company’s 

vision and strategy. This can be achieved by facilitating continuous interaction 

between managers and engineers around their business news, market demands and 

customer requirements, and internal company information. 



Vol. 8, No. 4 Alzyadat et al.: The Role of Managers in Stimulating Engineers’ … 

 

328 

Conclusion 

 

Intrapreneurship is a mechanism to sustain innovation in any organization. 

Managers play a significant role in the successful adoption, development, and 

implementation of intrapreneurship within the firm. However, there has been 

limited research on the role of managers in supporting and promoting intrapreneurial 

capabilities of engineers, particularly in technology-based SMEs. This paper 

attempts to fill this research gap through an exploratory study involving two 

intrapreneurial organizations from different technological industries.   

C1, a leading organization in the Fintech industry, utilizes a Kaizen culture to 

encourage all engineers to be part of the firm's innovation culture. They push their 

engineers to be proactive with providing continuous ideas and suggestions so as to 

create new business opportunities, develop new products, and ensure the 

improvement of internal processes and ways of working. C2, a world-class 

engineering and process automation company, views engineers as their main 

resource power for driving innovation and success. They aim to develop well-

rounded experience and multi-disciplinary knowledge among their engineers by 

harvesting a culture based on friendly and open communication and teamwork 

spirit.  

The results from both case studies revealed that managers play a significant 

role through their actions, practices, and decision making on empowering engineers 

to actively engage with intrapreneurship with their roles. They influence an 

intrapreneurial culture through open communication with their engineers, being 

receptive to their ideas, and guiding and supporting them along the innovation 

process. Both firms have established a rewarding culture that recognizes the 

innovative efforts of engineers through comprehensive options of monetary and 

non-monetary mechanisms. Freedom and flexibility in engineering roles enable 

engineers to have independence and make their own decisions. Also, managers 

allow their engineers to join other teams to gain diverse experience and further 

strengthen their knowledge. This was clear in the case of C1 through the dynamic 

of team structuring using tribes and squads. Whereas in C2, engineers were 

encouraged to develop their skills by joining specific skills development programs. 

In both C1 and C2, managers articulate and demonstrate a clear vision with 

their strategic plans. This helps to align their engineers’ innovative initiatives and 

ambitions with the overall business direction. They encourage their engineers to 

come up with technology solutions addressing key market challenges that support 

their mission and business strategies. 

This study contributes to the literature by providing some understanding of 

how management support helps in driving intrapreneurship through their engineers 

in technology-based SMEs. Managers play an important role in influencing a 

culture conducive for intrapreneurship, supporting their engineers along the 

innovation processes, and aligning them to execute the business strategy and 

vision through their contributions. Managers with technical experience and 

engineering backgrounds, as seen in these two firms, can be an added advantage 

for organizations. Such background can help them to be close to their engineers by 

speaking the same technical language. Having familiarity with the engineering 
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areas can aid their decision making and act as a role model for coaching and 

mentoring their engineers. The result of this research will act as a guideline for 

technology-based firms and academics in understanding the importance of 

managers in driving intrapreneurship and utilizing the competencies of their 

engineers. 

Building on the research discussion, managers are considered as an enabler 

for engineers’ intrapreneurial behavior. According to Gerards et al. (2021), this 

represents a transformational leadership style in which leaders provide clear 

direction and a vision for achieving common goals while inspiring and motivating 

employees to strive for success. Moriano et al. (2014) established a positive 

correlation between transformational leadership and intrapreneurial behavior of 

employees. In this context, future research could focus on exploring the 

management styles of managers and how specific characteristics and skills could 

support their roles in developing the intrapreneurial culture within an organization. 
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The focus of this study is to identify teacher competencies and readiness in 

implementing technology for teaching activities and their attitude towards them. 

Indonesian teachers were included as a sample of study which was selected 

through a random sampling technique. The questionnaire and interview script 

were adapted with the components of Information and Communications 

Technology (ICT) Competency Framework for Teachers (CFT) that was 

released by UNESCO as an indicator, which consists of several aspects, those 

are: (1) Understanding ICT for education policies; (2) Curriculum & 

Assessment; (3) Pedagogical; (4) Digital skills: (5) Administration; and (6) 

Teacher development. The result shows positive trends that most of Indonesian 

teachers possess these attributes, according to the ICT competencies attribute 

aspect such as employed ICT into recent curriculum and assessment. However, 

teachers are still lacking in their ideas towards contribution and innovation in 

ICT development for learning. The results about teacher attitudes toward ICT 

results show positive feedback, but still lack ICT technology access and training. 

In conclusion, Indonesian teachers possess high standards of ICT competencies, 

but still lack supporting systems such accessing ICT facilities. 

 
Keyword: ICT for education, ICT competencies, technological literate, teacher 

readiness, teacher competencies 

 

 

Introduction 

 

Nowadays, the presence of technology is influencing major transformations in 

the educational system. This transformation is shown by the change of methods in 

delivering knowledge in classroom. For example, a teacher is acting like a musical 

conductor for teacher-centered teaching, then changes into student-centered 

learning. According to Sumintono et al. (2012), the use of technology for education 

is transforming the teachers’ role as knowledge distributors into learning 

facilitators. 
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Since the constructivism theories dominate the educational view, many 

constructivist scholars believe that learning through technology could provide 

meaningful learning by presenting an authentic context. Moreover, the 

implementation of technology has the potential to support effective communication 

between students and teachers. This communication is effectively melting rigid 

relationships between teacher and students, which can benefit students in creating 

more ease to access information from the expert and to enrich the knowledge by 

improving learning experiences (King and South 2017, Vitanova et al. 2015). 

Majority of people believe that technology used for education started in the last 

century. However, the implementation of technology for teaching and learning has 

existed since 2,000 years ago. Basically, the presence of technology is enhancing 

human learning, especially in answering the fundamental reason why/how humans 

learn. In our educational system today, the branch of education that is implemented 

to integrate technology is known as Educational Technology. Generally, educational 

technology was defined as the tools that assist the process of information and 

knowledge transfer (Huang et al. 2019). This general definition is often 

misunderstood by our society which set technology as a teaching tool, rather than 

supporting tools for learning. According to Jhurree (2005), the presence of 

technology should not replace the teacher’s role. Technology should be 

transforming into supporting tools to achieve learning goals and improving the 

quality & efficiency of educational systems. 

Besides shifting our educational system, the presence of technology is also 

affected towards teachers’ performance. As an important part of 21
st
 century 

education, the teachers have to possess a sense of creativity in constructing 

innovative learning by integrating ICT technology media into the learning 

activities (Herliani and Wahyudin 2018). Ahmad et al. (2016) mentioned that well-

prepared teachers will use technology to facilitate teaching as a promising 

platform to enhance effective and efficient teaching and learning activities. This 

statement is empowering teachers to be technologically literate, in which teachers 

have an the ability to engage technology as the media for integrating, accessing, 

communicating, creating, and evaluating information in the learning process 

through higher thinking. 

Technological literacy is an important qualification for teachers. Moreover, it 

is becoming the part of teacher pedagogical competencies as mentioned by 

Indonesian MOE Regulation about standard qualification and competencies for 

teachers (No.16 of 2007), which state “the application of information and 

communication technologies are important for teacher in learning activities.” This 

regulation is demanding teachers to utilize ICT to create an effective teaching and 

learning environment (Syahid et al. 2019). The demand on competencies for 

teachers is also seen as a global need. The United Nations Educational 

Organization released 6 main aspects which promote several activities to develop 

teacher competencies, including: (1) Understanding ICT for education policies 

aspect; (2) Curriculum & Assessment aspect; (3) Pedagogical aspect; (4) Digital 

skills aspect: (5) Administration aspect; and (6) Teacher development aspect. The 

importance of ICT competencies is also mentioned as the crucial competencies for 

creating ICT-based classroom management. The teacher who has better ICT 
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competencies is important for their performance and students’ learning 

achievement activities (Syahid et al. 2019). According to Takwin et al. (2018), a 

professional teacher is supposed to master specific competencies in ensuring 

appropriate learning content presented to the learner. In the International 

Symposium on Open, Distance, and E-Learning 2018, the Head of ICT Centre for 

Education of Indonesian Ministry of Education stated that only 40% of Indonesian 

teachers have readiness and competencies for technology implementation for 

learning purposes. 

There are several strategies and efforts to improve ICT competencies of 

teachers, including proper teacher training, access to the ICT hardware for teachers 

(Mahdum et al. 2019, Vitanova et al. 2015), and establish regulations for 

standardizing the qualifications and competencies for teachers. In fact, the reality 

shows ICT implementation for education faced several obstacles which could 

affect the ICT teacher competencies (Nurhabibah et al. 2018). As Hermawan et al. 

(2018) mentioned, several obstacles to implement ICT in teaching and learning 

processes exist such as lack of policy, changing curriculum, gaps of teacher 

quality, gaps of education quality, lack of infrastructure, lack of planning, and lack 

of skilled workers. Previously, Son et al. (2011) conducted a study which focused 

on computer literacy of Indonesian English teachers in 2011. The study result 

shows several obstacles such as facilities, time consuming, internet access, 

individual skills and readiness during implementation of ICT media for educational 

purposes. In conclusion, this recent study was conducted to respond to current 

questions about Indonesian teachers’ competencies in using ICT media for 

teaching and learning purposes. 

 

 

Methodology 

 

The sample of study includes 300 teachers from elementary schools, junior 

high schools, and senior high schools. Moreover, the sample also involved teachers 

who teach in government and private schools. The simple random sampling 

technique was used to select participants as objects of the study in which the subject 

of study has equal probability of being chosen as a sample. The data is collected by 

using questionnaire form and interview. The content of questionnaire is constructed 

base on the Indonesian MOE regulation. The questionnaire is administered in an 

online form using Google form, while the interview form is conducted through 

telephone line. 

 

 

Results and Discussion 

 

Instrument Validity and Reliability 

 

Maintaining the quality of items in assessing the teacher competencies is 

important in accurately measuring teacher competencies in using technology for 

educational purposes. The instrument validity analysis involved an expert validator 
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in educational technology, instructional media development, and lecturer in 

University. The Index of Item Objectives Congruence (IOC) is used as model to 

assess instrument validity. The result of validity checking shows 25 items proposed 

are accepted to use as items for the self-assessment questionnaire. On the other 

hand, measuring reliability of the instrument through the implementation of 

internal consistency approach, which is tested based on single test administration 

(Gog et al. 2007). These reliability test results show the alpha value is 0.93. 

According to Tavakol and Dennick (2011), the acceptable value of alpha is > 0.70, 

means the analysis of alpha values is accepted (0.93 > 0.70). 

 

Teacher ICT Competencies Analysis 

 

The questionnaire items are constructed by using six aspects based on ICT 

CFT that were released by UNESCO including: (1) Understanding ICT for 

education policies aspect; (2) Curriculum & Assessment aspect; (3) Pedagogical 

aspect; (4) Digital skills aspect: (5) Administration aspect: and (6) Professional 

development aspect. 

 

ICT Knowledge and Understanding Towards Education Policies 

The first aspect is emphasizing how teachers have understanding towards the 

national education policies for ICT. Moreover, teachers must be able to design, 

modify, and apply these national policies for learning purposes. Additionally, the 

first aspect is also emphasizing teachers’ roles in giving critiques and suggestions 

towards national policies. The establishment of national education policies is 

according to the national priority in all sectors of education (UNESCO 2013). The 

presence of policies is also for managing the regulation and society behavior on 

implementing effective and efficiency systems for education. According to Bottino 

(2003), the proper educational policies for ICT must emphasize its roles as a 

demand pull, that driven-based user needs and pedagogical understanding. The 

demand pull approach is implemented by several countries including Indonesia by 

promoting teacher main competencies (MOE decree for teacher standard 

qualification and competencies No.16 of 2007).  

Through the depth of understanding educational policies and the role of ICT 

for education can lead teachers to optimize the utilization of technology for learning 

purposes. This recent study shows the majority of teachers are the design of their 

ICT instructional media occasionally (Table 1). They argued that preparing and 

creating proper instructional media using ICT media takes more time. The others 

also state the lack of information and knowledge in using ICT media is becoming a 

main barrier for teachers in developing their own instructional ICT media. 

However, Tamrin et al. (2017) mentioned that reason is not becoming an excuse 

for teachers to create proper learning media. He also stated that preparing and 

planning teaching material and instructional media is supposed to be the 

responsibility of the teacher.  
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Table 1. Aspect of Understanding ICT in Education Policies 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

I design and create my own 

ICT media for learning 

purposes. 

5.3% 18.3% 45.3% 23.7% 7.3% 

I participate in workshops, 

training, & conferences as an 

effort to develop a national 

ICT program. 

28% 35.3% 27% 7.7% 2% 

I contribute the ideas through 

research article about ICT 

development for national 

education. 

51.7% 25.3% 18.7% 4% 0.3% 

 

Teacher knowledge about ICT role’s in educational policies will also give an 

advantage for them to contribute their perspective in the form of suggestion and 

criticize for the improvement of using ICT media for educational purposes. Events 

such as workshops, training, and conferences are known as the most effective way 

in improving specific prowess and programs. As Ravn and Elsborg (2011) 

mentioned, conferences are a source of knowledge, ideas, and inspiration. The lack 

of participation in events such training, workshops, and conferences can be 

affected in the development of teacher content knowledge, teaching skills, and 

practices (Darling-Hammond and McLaughlin 2011). This study result (Table 1) 

shows teachers have low interest in attending the conferences, workshop, and 

training. Majority of teachers reasoned that the overload of school activities made 

it difficult to join self-development events and activities. Since the implementation 

of full-day schools, the middle and high schools teacher work time are increasing. 

Full-day School program is based on the concepts of integrated activity and 

curriculum, meaning all student activities in school are packed in an educational 

system (including playing, eating, etc.) (Benawa et al. 2018). Practically, teachers 

must attend the schools from 7.00 until 16.00. Additionally, the lack of information 

and access to self-development resources is also becoming a major issue, especially 

for remote area teachers. The other way to contribute the development of policies 

is conducting, writing, and publishing research articles. Strengthening this claim, 

Harris (2015) states that research can be impactful to the policies’ development as 

long as the result of conducted research can give feedback that shape policies that 

are adopted into practice. The research is also giving alternative perspectives that 

teachers can perform in solving educational problems. In fact, this study result 

shows teacher intensity in contributing to scientific articles is still low. They 

argued that the overload of activities in schools is becoming the obstacle to 

conducting and writing research articles. In conclusion, all these problems might 

be experienced by many teachers, but their professionalism is determined based on 

their effort to keep growing as the Indonesian MOE Regulation (No.16 years 

2007) mentioned about professional development by conducting research activity. 
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Curriculum and Assessment 

The aspect of curriculum and assessment is emphasizing teachers’ excellent 

knowledge regarding the curriculum standard, assessment strategies, and student 

characteristic which is aiming to create complex problems for learning in 

measuring students’ understanding. Moreover, the teacher must be able to integrate 

the use of ICT into the curriculum. Curriculum knowledge is known as an important 

element of teachers’ pedagogy. According to Behar et al. (1994), curriculum 

knowledge is defined as the teachers’ ability to apply theoretical principles and 

behaviors which refer to the several processes including: planning, implementing, 

and evaluating. Quoting the Shulman and Sykes statement, Ariav (1991) simplifies 

the definition of curriculum knowledge as the understanding of the curriculum 

form and the ways of the curricula are implemented in text and material. 

According to this definition, it clearly defines that the curriculum is covering the 

educational context holistically. This means that it is not only in the textual 

context, but also curriculum should be induced into the material of teaching and 

learning. As we know, the teaching and learning materials are referred to in the 

sources used to deliver learning, including the material sources and instructional 

media. In discussing curriculum knowledge of teachers, this study attempted to see 

the concern of teachers towards curriculum implementation toward their 

instructional material. The result (Table 2) shows that most teachers constructed 

their ICT media based on the national curriculum. Teachers mentioned that through 

the optimization of national curriculum into their instructional material and media 

(ICT media), they can facilitate learners to fulfill basic competencies. 

Essentially, instructional media is facilitating the delivery of learning and 

building the communication between teachers and learners. Moreover, instructional 

media is also a component that, connected with other components of learning, 

creates expected learning environment (Widodo and Wahyudin 2018). 

Consideration to the classroom condition and students characteristics is also 

becoming standard in selecting instructional media. These characteristics of 

learners include age, cognitive level, and socioeconomic status. Proper 

instructional media can help the instructor to provide high quality teaching and 

learning processes, and affect the learner to learning outcomes. Moreover, it also 

increased learner interest and motivation during the learning process 

(Saravanakumar 2018). According to this study result (Table 2), majority of 

teachers often select the ICT devices in the learning process based on the 

classroom condition and student characteristics. Teachers believe using proper 

instructional media is effective in facilitating the delivery of learning materials and 

engaging learner motivation. On the other hand, selecting proper instructional 

media can also facilitate students who have difficulties in providing specific 

instructional media. For instance, students who come from low-income families 

are faced with difficulty in providing a personal computer/laptop. Several teachers 

suggested using mobile phones as an alternative, while the other teachers projected 

the material using LCD projection so each student can participate without using 

personal devices. 

This aspect is also emphasized on the use of ICT for assessment. As an 

integral part of instruction, assessment has important functions to determine 
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whether the goals of education are achieved successfully or not. Jonassen et al. 

(2005) also mentioned that assessment is the most vital aspect in teaching and in 

the learning process, in which the assessment is the Achilles tendon in formal 

education. Many scholars and educators believe that the presence of modern 

technology is effective to help the process of assessment including creating task 

assessment, delivering the assessment, and grading. According to Marina (2016), 

the implementation of ICT for assessment is essential for every school and 

educational institutions to promote a better assessment. Due to the digitalization of 

education in Indonesia, teachers are encouraged to integrate ICT in supporting 

their activities, including assessment. This study also shows majority of teachers 

used ICT for evaluation tools frequently (Table 2). The national regulation is 

becoming the main reason teachers used ICT as evaluation tools. The swift 

assessment policies have received many complaints at first. This resistance is 

caused by the inability of teachers using the ICT application. Due to the 

implementation of policies, the teachers are starting to realize that the evaluation 

using ICT is more effective and efficient rather than traditional assessments. In 

brief, the teachers who have concerns on integrating of national curriculum into 

ICT and conduct an assessment using ICT media is assumed as qualified teachers 

(Redecker 2013). 

 

Table 2. Aspect of Curriculum and Assessment 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

I use ICT media that is 

constructed based on national 

curriculum standards. 

- 3.3% 15% 43% 38.7% 

I select the ICT devices in the 

learning process based on the 

classroom condition and 

students characteristic. 

3.3% 4% 18.3% 43.7% 30.7% 

I use ICT multimedia 

applications such as 

spreadsheets, online rubrics, 

etc. as evaluation tools for 

learning outcomes. 

7.7% 15% 27.3% 38% 12% 

 

Pedagogy 

The third aspect is about pedagogy which is emphasizing teachers must know 

the right moment to use ICT for class activities, as well as assisting the teacher’s 

role in modeling the learning process, guiding students’ understanding, and 

creating situations where students could develop their skills. Pedagogy is well-

known as the approach and act of how a teacher teaches. Pedagogy is not only 

about the teaching technique, but how the teachers also induce teachers’ belief, 

social value and social culture into the teaching and learning process. Pedagogy is 

also emphasized on meaningful interaction between teachers and learners in which 

the presence of respect is at the center of that interaction. 
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Many experts in education believe that by having a good understanding 

towards pedagogy, it can positively affect a teachers’ performance, even the 

student learning process can be more effective. The proper approach in teaching 

will help learners to activate their higher thinking capability. The presence of ICT 

is creating new approaches in teaching, and turning it as pedagogical tools. ICT as 

a pedagogical tool is known as a teacher’s knowledge, skills, and attitudes in 

applying technology for their professional activity including planning a lesson, 

research, communication, professional development, and self-development 

(Machumu et al. 2018). As pedagogical tools, the use of ICT should be accurately 

promoted in learning materials to achieve educational goals. Marpanaji et al. 

(2018) mentioned that instructional media is chosen to present the learning content 

and objectives. Moreover, the compatibility of ICT media to the content of 

educational curricula has benefit to ensure that learners obtain appropriate levels of 

information (Chaudhary 2018). As the study revealed, teachers have a concern in 

selecting ICT media that can effectively present learning content (Table 3). 

Teachers have mentioned that by using correct and suitable instructional media 

with the learning content will facilitate information and knowledge transfer in 

more effectively. Additionally, the use of compatible ICT media to learning 

content shows high engagement of students towards the learning content, and 

reduces boredom. 

Teaching and learning in the 21
st
 century is highly stressed on the 

constructivism learning theory. According to the constructivism view towards ICT 

as pedagogical tools, the traditional approach in teaching and learning was 

restructuring in terms of collaboration as a shift of traditional relation between 

teacher and learner, and shifting of domination of teachers-centered into students-

centered. Learning activity that emphasized student-centered and collaboration is 

allowing the learner to develop their cognitive flexibility, articulating their learning 

reflection, and improve their social interaction. Additionally, Sangra and 

Gonzalez-Sanmamed (2010) mentioned the collaboration as the important element 

in learning activity. The presence of ICT positively supports collaborative learning 

by making the collaboration process more efficient. Moreover, ICT also 

contributed to building positive attitudes towards collaborative learning. Nowadays, 

many educators have concern around ICT implementation that promotes 

collaborative learning and a student-centered approach (Table 3). Teachers believe 

these strategies and approaches could stimulate learners in constructing their own 

understanding based on their experiences which is a part of meaningful learning. 

Moreover, teachers also mentioned the increase of learner involvement in 

classroom activities. According to the study conducted by Reif et al. (2015), 

student-centered practices can essentially increase students engagement and 

ownership towards a learning activity. 
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Table 3. Aspect of Pedagogy 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

I consider ICT learning media 

that I use has compatibility to 

the learning content. 

0.7% 4% 11% 34.3% 50% 

I use ICT learning media that 

promote student-centered 

learning. 

2% 3.7% 20.7% 39.3% 34.3% 

I use ICT learning media to 

provide learning activities that 

relevance to real-world activities. 

0.3% 2.7% 27.7% 43.3% 26% 

I use ICT learning media that 

promote authentic content based 

on current events. 

0.3% 3% 25% 48% 23.7% 

I use ICT learning media that 

promote critical thinking and 

problem-solving. 

0.3% 2.7% 20% 41.7% 35.3% 

I use ICT learning media that 

promote collaboration for 

students to construct their 

knowledge. 

1.7% 2.7% 20% 41.7% 35.3% 

 

As a part of constructivist learning theory, students-centered approach become 

a trend in the 21
st
 century classroom and is supposed to promote learning that 

stimulates 21
st
 century skills such as critical thinking and problem solving. Critical 

thinking and problem solving are the most important in formal education 

(Atsoglou and Jimoyiannis 2012, Karyotaki and Drigas 2016). The demand on 

critical thinking and problem solving is based on the demanding skills in the 

workplace. According to World Economic Forums for the future of jobs report 

(World Economic Forum 2020), critical thinking and complex problem solving is 

becoming the top five of the most demanding skills for the workplace by 2025. In 

Indonesia, problem solving and critical thinking are included as the most emerging 

skills in the workplace. Consequently, teachers must create a learning environment 

which is enabling the learner to engage critical thinking and problem solving. 

According to the study result (Table 3), it shows most teachers’ attempt to integrate 

learning strategies that stimulate learner problem solving and critical thinking. 

According to the teachers’ statement, they promote problem solving and critical 

thinking by imposing real world cases and phenomena into learning activities. 

Hence, learners can activate their prior knowledge to solve an occurring problem. 

However, there are also teachers who implement critical thinking and problem 

solving occasionally state their argument that the lack time to prepare  proper 

material is becoming the major reason, while the other said several learning content 

are not suitable to impose problem solving and critical thinking. Previously, the 

presence of authentic activities is mentioned as an important element to promote 

problem solving and critical thinking in learning activities. Nowadays, the presence 

of modern ICT technology are considered as effective tools to provide authentic 

learning (Saravanakumar 2018). Teachers also show their high consideration in 
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using instructional media that promotes authentic activities (Table 3). Teachers 

revealed that authentic activities can provide actual phenomena which can facilitate 

learners to understand learning content more deeply. The other teachers also state 

the benefit of authentic activities that can prepare learners with the condition that 

learners might face in their future careers. As Oliver and Herrington (2000) state, 

the application of ICT for learning is considered to successfully engage for real-

world activities through the concept of situated learning strategies. In brief, 

concerning the pedagogical element in implementing ICT as instructional media, 

is a key success to promoting meaningful learning, and effectively engaging learner 

motivation. As educational scholars mentioned, the correct use of technology-

enhanced classrooms will affect learning processes holistically in promoting 

constructivist learning, and the demanding skills for the 21
st
 century. 

 

Digital Skills 

Nowadays, the demand on technological literacy is becoming a requirement 

for teachers to possess digital skills. Possessing a proper digital skill will assist 

teachers in selecting and evaluating proper resources and instructional media that 

are used for teaching activities. This aspect discusses the application of digital 

skills which are emphasized by teachers’ knowledge about the basic operations of 

ICT. Defining the essence of teaching will directly determine which digital skills 

are demanded by teachers. Teaching has essential purposes on delivering, 

enriching, remediating, and monitoring students’ learning. Hence, the teachers 

should possess several important abilities such as content presentation and 

delivering, word processing, information management, and electronic network 

usage (Table 4). Moreover, Mahdum et al. (2019) proposed several standards that 

can be used for assessing teacher ICT competencies, as follows: (1) operating 

computers; (2) possess ability for installing, assembling, setting-up, maintaining, 

and solving problems of personal computers; (3) computer programming; (4) word 

processing; (5) spreadsheet; (6) managing databases; and (7) creating interactive 

presentations as interpersonal communication (Mahdum et al. 2019). 

Understanding the function of hardware and software is the most essential 

part of operating ICT. Having this knowledge will support teachers in 

implementing various learning using ICT as instructional media. Lack of this 

knowledge is one of the major reasons why teachers are avoiding ICT 

implementation as instructional media. The result of the study revealed that the 

majority of teachers can operate hardware and software supporting ICT. 

Moreover, most teacher response shows a positive response in applying online 

ICT applications for learning purposes such as using a search engine, downloading 

the information, using hyperlink media, and using online communication tools. 

Seeking the reason of how teachers obtain that knowledge and ability in 

implementing ICT, the most common answer is the shifting of regulation from 

government that required teachers to conduct their professional work using ICT. 

On the other hand, the younger generation of teachers mentioned that they were 

exposed to ICT since an early age. According to the results of the study, it can be 

concluded that the majority of Indonesian teachers already have good skills in 

empowering ICT media for learning purposes. According to Organisation for 
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Economic Co-operation and Development (2001), teachers must possess a wider 

range of technical and pedagogical skills, and continuous self-improvement in 

updating the latest trend of technology and modes of use. Moreover, lack of ICT 

knowledge and skill can be affected to teacher perspective toward ICT use for 

teaching and learning activities (Mahdum et al. 2019). 

 

Table 4. Aspect of Digital Skills 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

Operating ICT hardware for 

learning activities. 
- 2% 17% 51.7% 29.3% 

Operating productivity software 

(such as word processing, 

presentations, graphic design, etc.) 

0.3% 3.3% 20% 48% 28.3% 

Using search engines (Google 

search) in finding learning 

content. 

- 1.3% 6.7% 38% 54% 

Downloading the information and 

learning content from the website. 
- 2.7% 8.7% 39.7% 49% 

Using hyperlink and hypermedia 

to provide learning content 
0.3% 6% 24.3% 44.7% 24.7% 

Using online communication tools 

such as e-mail and social media 

for learning purposes. 

- 1.3% 10% 35.3% 53.3% 

Installing educational software 

independently 
2% 10% 26.3% 41% 20.7% 

 

Organization and Administration 

The fifth aspect is Organization and Administration, which emphasizes the 

guaranteed access of the internet to the whole class including group and individual 

activities, and also flexibly applying technology to support collaboration (Table 5). 

The study revealed that teachers who use the ICT facilities provided by schools is 

still low. The lack of proper facilities provided by schools is a common reason, 

especially for schools that are located in remote areas. According to a survey in 

2015, only 58% of total schools in Indonesia (118,000 schools) have access to the 

Internet. It should be also noted that 17,000 schools in Indonesia have unreliable 

access to electricity (Retnawati 2019). Teachers also complained that the number 

of distributed facilities is still limited. This phenomena shows Indonesia has a 

similar back story about inequity throughout the years. 

Overcoming the lack of facilities in schools, many educators suggested 

learners use personal ICT devices to support classroom activities. This typical 

approach is known as BYOD (Bring Your Own Devices), which encourages 

students to bring their private devices for learning purposes. BYOD has benefit to 

overcome the lack of ICT distribution among learners during classroom activities 

(McLean 2016). Moreover, teachers should possess proper competencies including 

an ability to effectively integrate the devices into classroom activities (Rae et al. 

2017). In brief, teachers rarely used the facilities provided due to several reasons 
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such as limited resources provided by schools. However, the teacher is already 

familiar with technology as instructional media and employed some strategies to 

overcome the limitation of ICT devices. 

 

Table 5. Aspect of Organization and Administration 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

I use the facilities which is 

provided by the school in the 

learning process (such as 

computer laboratory, LCD 

Projector, etc.) 

15.7% 25.3% 33.7% 20.7% 4.7% 

I emphasize students to use 

personal ICT devices to support 

the learning process. 

4% 13.3% 30% 39.7% 13% 

 

Teacher Professional Development 

The last aspect is emphasized teachers in applying ICT media to prepare 

additional learning material, developing their pedagogical knowledge, and 

collaborating with the experts and fellow teachers in supporting their 

professionalism as a teacher (Table 6). Teacher professionalism is not just about 

pedagogical aspect, the other aspect is also becoming important element to support 

their professionalism such as social interaction, personal character, and their desire 

for growth. Supporting the development of teachers’ professionalism, the role of 

ICT media is not only as a pedagogical tool, but also in supporting the development 

of teacher and educator professionalism. Thakral (2015) mentioned that ICT is a 

powerful and effective tool to facilitate teacher professional development. This 

statement was proved by a recent study that shows teachers’ high frequencies in 

using ICT media to support their self-improvement, and also updating their 

knowledge about new findings in their related subject(s). In the discussion about 

finding new knowledge to support on teacher-related subjects, the majority of 

teachers have an agreement on the ICT effectiveness in gathering learning content. 

Teachers mentioned that the ability of search engines as a collecting and seeking 

tools is becoming the main reason teachers made their choice for ICT media rather 

than conventional media. Strengthening these claims, Thakral (2015) states the 

presence of ICT media is highly supported in teaching activities by enhancing the 

initial preparation. Furthermore, the roles of communication and collaboration are 

also emphasized by teacher professional development. The importance of having a 

contact and communication between teachers is allowing them to possess a more 

knowledgeable, constructive approach to learning. Moreover, it also increased 

teachers’ positive attitudes toward other teachers, such as an appreciation of the 

views and experiences of other teachers (Organisation for Economic Co-operation 

and Development 2001). The result of the study shows that the majority of teachers 

are often using ICT media as communication and collaboration tools with 

educational experts and other teachers. According to the teacher sample in this 

study, sharing information about educational policies, evaluation format, 
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administrative task, and consulting about teaching strategy are the most common 

topics. 

Additionally, this study also assessed the ability of ICT as an administrative 

tool. The results show a high proportion of teachers using ICT use it to carry out 

their administrative tasks. Teachers stated that completing an administrative task 

today is more complicated without using technology. The features in shorting and 

selecting data for managerial purposes are the reason why teachers highly depend 

on technology. 

 

Table 6. Aspect of Curriculum and Assessment 

Item 
Result in percentage 

Never Rarely Sometimes Often Always 

I use ICT devices in all 

teaching activities and for 

teachers’ administrative 

activities. 

1% 5% 30.7% 33.3% 30% 

I use ICT media to improve 

my professional skills as a 

teacher and updating my 

knowledge about recent 

issues associated with my 

teaching subject. 

0.7% 6.3% 27.3% 34.7% 31% 

I use email and social media 

as collaboration with 

educational experts and 

fellow teachers. 

1.3% 6% 22.7% 48% 22% 

 
Strongly 

disagree 
Disagree Undecided Agree 

Strongly 

agree 

Internet and online media 

helps me in gathering 

learning content rather than 

using conventional media 

(books, encyclopedias, etc.) 

- 2.3% 4.3% 54% 39.3% 

 

In conclusion, teachers’ ICT competency is related to knowledge and skills 

about ICT. The lack of teachers’ competency can affect their enthusiasm to the 

implementation of ICT in teaching and learning activities. According to the 

previous result, it shows that Indonesian teachers show positive responses in 

almost all aspect of ICT competences that identify them for possessing good ICT 

competencies. The high attribute aspects include the curriculum and assessment; 

pedagogy; digital skill; administration and professional learning; while the aspects 

of understanding ICT in education policies is the only aspect which has low 

attributes. This aspect was identified in how Indonesian teachers lack innovation 

and idea contribution to ICT development for learning. Vitanova et al. (2015) also 

suggested several strategies to achieve higher level of teachers’ ICT competencies 

by increasing the use of ICT in a professional manner, including: (1) Having 

online communication with colleagues; (2) Using web resources, consumables, 
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and software to create learning material; and (3) Using ICT to conduct 

administrative tasks. 
 

Identify Obstacles Using ICT 

 

The importance of ICT is not only achieving the educational, but also becoming 

an important factor to a complete restructuring of the educational system, 

promoting new, interactive models of education, new educational pedagogy, and 

emphasizing lifelong learning (Vitanova et al. 2015). However, teachers face 

several obstacles when applying ICT as instructional media. The obstacles of 

using ICT media could be determined into two types based on teacher perspective 

which include external and internal obstacles. Indicating the obstacle in learning 

through ICT media, this study conducted an open-ended interview which consisted 

of 5 main questions. The interview is conducted for a randomly-selected group of 

teachers (15 people) which is divided into three different age groups, that is young 

teachers (20-30 years old), middle-age group teacher (31-50 years old), and elderly 

teacher (>50 years old). 

The first question is addressing on assessing internal obstacles in applying 

ICT media. The question asked: “How do you know about using technology in 

learning process?” Majority of the age group gave positive responses towards the 

role of ICT. They believe that ICT is greatly beneficial to providing learning 

material, especially for a difficult topic. The middle age and elderly teacher groups 

also mention that ICT helps them to improve their professional skills and 

completing professional administration requirement. In brief, teachers have positive 

attitude towards the ICT and show no rejection to the use of ICT for educational 

purposes. Teachers’ negative attitudes towards ICT use in the classroom is greatly 

affected by lack of skills and knowledge in operating ICT software or hardware 

(Ghavifekr et al. 2016). 

The external obstacle in applying ICT is examined by administering three 

questions, as follows: (1) “Does your institution facilitate the use of technology in 

learning activities?”; (2) “Is there any technical obstacle in technology’s 

implementation?”; and (3) “Does the use of ICT for learning is more efficient or 

time consuming in teaching process?” The first question is identifying what kind 

of support the institution is offering in providing technology for learning purposes. 

Majority of the teachers said that the schools already distribute basic support, but it 

is limited. However, several teachers argued that the quality of facilities depends 

on the schools’ condition including location, school society, and government 

support. Moreover, several teachers mentioned that some of their schools have 

regulations that prohibit the use of personal gadgets during the learning process. 

They argued that the use of technology during the learning process could distract 

learners’ attention.  

The second question is centered around the technical issues during 

implementing ICT. Majority of teachers mentioned the difficulty of connectivity to 

the internet to conduct online learning, especially for schools which are located in 

rural areas. Additionally, the elder teachers had mentioned the issues such as lack 

of training in operating recent ICT software and hardware. Providing proper 



Athens Journal of Technology & Engineering December 2021 

 

345 

technical support is crucial for teachers, so they can focus on delivering their 

subject material (Ping et al. 2003). The last question is focused on addressing the 

efficiency of using ICT for learning. Majority of respondents said the use of 

technology could reduce time-consuming learning processes, especially for a 

difficult topic. However, the young and middle age teacher groups mentioned the 

specific topics that are time-consuming during the preparation process. 

Strengthening this claim, the previous study shows similar external obstacles faced 

by teachers, such as: (1) Unstable internet connection and electricity; (2) Lack of 

ICT-related training; (3) Small number of ICT media distribution and limitation 

access to schools facilities such as computer laboratory; and (4) Limited time for 

teachers to design their own learning media (Mahdum et al. 2019). The interview 

also administers questions about the types of ICT hardware and software that 

teachers used during the teaching process. All of the respondents mentioned 

laptops and PC’s are the most favourable to use during the learning process, and 

there are only 10 respondents who use smart phones frequently. Besides that, 

Google (search engine) and Microsoft office are still the most favourable software 

applications used for learning purposes. The YouTube video web engine is the 

second favourable software application which most teachers used to provide a 

real-world example for learners. There are only 5 respondents using Learning 

Management Systems (such as Edmodo app. Google classroom, etc.) to facilitate 

teaching and learning activities. 

In conclusion, the importance of identifying the obstacle is the most vital area 

in developing teacher competencies. Indonesian government needs to improve 

classroom management, and modern classroom management must involve 

technology in its planning, material selection, methods selection, and evaluation 

activity (Syahid et al. 2019). The recent study identifies the internal obstacles such 

as lack of self-confidence, negative attitude towards change, and having a poor 

perception towards technology are not the major issues which facing by teachers 

today. However, teachers are still having issues with external obstacles during 

applying ICT for learning purposes, such as the lack of access toward resource, 

proper training, and technical issues. The key factor in the use of ICT is sufficient 

computer labs and ICT equipment. On the other hand, the teachers had used their 

own personal ICT and various software applications for supporting their teaching 

and professional activities (Ghavifekr et al. 2016). 

 

 

Conclusion 

 

The recent study has aimed to identify teacher competencies in integrating 

technology for learning activities that referred to the standard competencies for 

teachers released by the Indonesian Ministry of Education, and also attempted to 

indicate the obstacles in performing ICT in the classroom. The study revealed that 

Indonesian teachers have a good level of ICT competencies. However, some 

teachers still lack innovation and idea contribution to ICT development for 

learning. On the other hand, the teachers have shown a positive attitude toward 

ICT. However, some teachers still lack ICT technology access and training. 
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According to the Ray Clifford quote, “Computers will not replace teachers. 

However, teachers who use computers will replace those who don’t.” This quote is 

giving the message that ICT competencies (including skill and knowledge) for 

teachers are important in modern education. A teacher who has high levels of 

competencies is considered a competitive teacher rather than the others who have 

negative views towards ICT. Additionally, having an outstanding ICT competency 

is not merely enough for teacher, the ability in overcoming any internal and 

external obstacle is also important for teachers. 
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