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1. INTRODUCTION
[bookmark: _Toc500403979][bookmark: _Toc500404126]1.1 Overview
Each year approximately 35000 fresh engineering graduates join the Syndicates of Engineers in Egypt (Deabes, 2015).  In 2001, the number of graduates was only 12213 (El-Sayed, Lucena & Downey, 2006). It would appear that since the turn of the century the number of annual engineering graduates from Egypt has tripled.  There have been concerns about the quality of education these engineers receive and skills acquired during their studies by academics (Riad & Kamel, 2004), employers (Osman, 2011) and the Syndicate of Engineers (Elkhatary, 2017).  Al-Harthi (2011) even reported that Egyptian undergraduate students are aware that their education is not related to the required employment skills.  International organizations have also expressed concern about the skills of Egyptian graduates (Egypt Human Development Report, 2010; OECD-World Bank, 2010; Assaad, Krafft, and Isfahani, 2014; Murat, 2014).  A number of conferences and workshops discussed this issue over the years (recent ones were highlighted by El Araby, 2014; Deabes, 2016; and Zein, 2017).   

Shann (1992) identified the chronic symptoms of the higher education system in Egypt in general.  She noted severe crowding, decline in quality, out dated curriculum, limited educational facilities and resources and reliance on private tutoring.   Similar observations were made by Holmes (2008), Schomaker (2015) and Habibi (2016), which shows that even many years later the same symptoms were still there.  Loveluck (2012) added other perspectives including: over-centralized control, focus on rote learning for examination, inadequate access and funding & research capacity.  Based on these symptoms, recipes for reform have been suggested (OECD-World Bank, 2010).  The Ministry of Higher Education has taken notice of these recommendations and established a “Center for Higher Education Reform” in the early 1990’s and later another entity was established under the name “Project Management Unit for Educational Development” in 2003.  Egypt has received aid to help in the reform efforts from international organizations since the late 1980’s (World Bank, 1989). Many engineering education development projects have been funded through various initiatives (Abdellah, Taher, Abdel-Rahman, 2008).  However, the concerns for quality still persist. 

Hall, Swart & Duncan (2012) pointed out that higher education institutions are being transformed into major business enterprises in the new global reality. Perhaps it is time that higher education providers are studied from a business perspective in order to arrive at a deep understanding of the problems and challenges faced by these entities.

Elsafty (2018) proposed a business anatomy model to closely study business organizations before attempting to solve any noticeable problems.  The model is shown in Figure 1.  
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Figure 1 Business Anatomy Model Proposed by Elsafty (2018)

This report sets out to answer the following questions:
How can governmental faculties of engineering in Egypt produce better engineers?
Can the 9 elements of business anatomy model help in finding answers?

1.2 [bookmark: _Toc500403980][bookmark: _Toc500404127]Business Analysis
The Egyptian governmental faculties of engineering are examined in accordance to the business anatomy model of Elsafty (2018).

1.2.1 Organization
Faculties of engineering are higher education providers operating as part of government funded universities in Egypt.  To establish a new faculty, a chapter or decree is added to the “Executive Regulations” of the “Higher Education Law No. 49 issued 1972”.  The Supreme Council of Universities and Engineering Sector Committee approve the application for a new engineering faculty. Finally the prime minister of Egypt signs the decree thereby giving permission to its establishment.  Before the start of any academic year “Central students Office” allocates a certain number of students to study in each faculty based on their secondary school GPA.
The formal process of establishing new faculties of engineering affect their mission, diversity, modernity and/or limit their ability to offer up to date education. 
The faculties have no say in the number or academic achievement levels of the admitted students.  The faculties also have to approve their curriculums from the Engineering Sector Committee, which has a traditional outline for the courses offered in each department.

1.2.2 Management Functions 

1.2.2.1 Planning
The concept of planning in faculties of engineering has been traditionally associated with tasks such as:
· Asking the University President for money to buy new equipment or construct more buildings. 
· Preparing educational schedules, exam time tables, assigning staff for various tasks …. etc.
· Deciding on how many top graduates to hire each year in each department.
· Dividing students between academic departments after the preparatory year.
· Similar operational plans.

The National Authority for Quality Assurance and Accreditation of Education (NAQAAE) was established by the Law No. 82 in 2006, and started operations in 2007.  Its’ aims were to: develop educational establishments in order to improve the educational process and its outputs using the international standards, gain the trust of society, increase competitiveness regionally and globally, and serve sustainable development in Egypt.  The authority is not a regulatory body, but it grants accreditation to educational institutions upon establishing an internal quality assurance system in faculties and after conducting a “Self Study” of each faculty by the team in the quality assurance unit (NAQAAE, 2006).  With the introduction of quality assurance in higher education, and as part of the “Self Study” requirements, Faculties of Engineering started to draft so called “Strategic Plans”, following the procedures and format used to generate such plans (e.g. Strategic Plan for Shoubra 2012-2017). However, the existence of a document does not mean that it is useful or at least applicable.   For example, the Egyptian government finances Shoubra with L.E. 150 M annually, the strategic plan 2012-2017 needed between L.E. 189 – 260 annually for implementation.   This had not materialized.  Moreover, having the freedom to act autonomously in issues directly affecting the education quality such as No. of students admitted or the type of curriculum offered is not achievable in the current time frame (see Organization element above).


1.2.2.2 Organizing
The organization structure for all faculties not only engineering is dictated by the “Higher Education Law No. 49 issued 1972”.  The Dean or the faculty council has no power to alter the organization structure.  Units or departments are added by changes in the law or after approval from the supreme council of universities.  For example, when NAQAAE was established in 2006 clauses were added to the law to create quality assurance units in the faculties.  

1.2.2.3 Leading
Deans, vice deans, heads of departments are appointed in accordance with “Higher Education Law No. 49 issued 1972”.   The president of Egypt signs the decree appointing the dean of each faculty in all universities.  Vice deans are appointed by after the University President signs a decree.  The leadership style, effectiveness or success depends mainly on individual attributes.  There is no formal training for leaders and definitely the selection process does not guarantee choosing the most likely leader to succeed.

1.2.2.4 Controlling
As for monitoring, practically, no performance appraisal system is in place for academic staff.  The teaching capability, scientific competence, and cooperation with colleagues are not assessed in any formal way.  Student performance is monitored through written or practical examinations.
Controlling academic staff and students is dictated in “Higher Education Law No. 49 issued 1972”.  The law indicates how staff can be reprimanded.  In fact, such proceedings rarely lead to any harsh measures.   For students there can be some serious consequences such as temporary or final dismissal or deprivation from sitting an exam.
Theoretically performance appraisal of administrative staff is carried out in accordance with “Government Employees Law No. 47 issued 1978, clause 28”.  Practically, however, a document is completed giving each employee more than 95% of performance score each year.  If managers do not do that, employees become extremely unhappy and perhaps hostile, as they will not get the small annual increase in salary, which they depend on to get by.

It would seem that the laws have dictated the style of management functions leaving little room for maneuver by leaders.  Inefficient management functions indirectly affect the education of students, and definitely affect the moral of all faculty community.  

1.2.3 Organizational Level
A typical organization structure is shown in Figure 2 for the Faculty of Engineering at Shoubra.  It is a complex structure with non academic units each reporting to one of the three vice deans or the “Faculty Administrative Manager”. Those four key persons report in turn to the Dean.  Quality assurance unit’s head and heads of academic departments report to the Dean directly who also manages his own support staff. Again, the structure is dictated by with “Higher Education Law No. 49 issued 1972”.
As seen from the structure, the quality assurance unit has no authority over any member in the faculty community. They are in effect just advisors, and academic or administrative staff members have no obligation to comply with any of their recommendations.  NAQAAE itself also has no power to alter, for example, any of the outdated teaching practices. Osman (2011) argued that NAQAAE has neither an effective impression nor mandates to improve the performance of universities.  Schomaker (2015) found structural shortcomings and implementation problems related to the current accreditation system introduced by NAQAAE.  As a result of this situation, the aims of NAQAAE and the quality assurance units within faculties, specifically education development, are difficult to achieve.

All faculties of engineering (big and small) have the same structure.  The inadequacy of non academic departments adversely impacts academic studies.   For example, the laboratory technicians report to the “Faculty Administrative Manager”, not the academic head of department that uses the laboratory. It is difficult to get them to cooperate in student learning by conducting educational experiments or keeping the equipment well maintained. Bureaucracy causes problems, like when, for example, an apparatus needs to be fixed.  This requires many authorizations from budget/ procurement and there is usually a long time lag until things get done.     Student support department overlooks the activities undertaken by student societies.  This department keeps these activities running in traditional areas, like theatre, poetry, music, sports …etc.  Sadly, this department, if restructured, can also organize engineering oriented extra-curricular or co-curricular activates that would help in student development and learning. Unfortunately, department councils and faculty councils have little real powers to improve teaching practices.  They cannot force any faculty staff member to change his education style or update the topics discussed in class. The roles of these councils are limited by what is permitted in “Higher Education Law No. 49 issued 1972”, which is essentially running academic affairs.
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Figure 2 Typical Organization Structure for a Faculty of Engineering in Egypt

1.2.4 Business Functions
1.2.4.1 Experience/ Knowledge
The academic staff members are appointed in accordance with “Higher Education Law No. 49 issued 1972”.  The law dictates certain age, qualifications and academic achievement for academic candidates to be appointed.  Usually, top graduate performers in an academic department are appointed annually as demonstrators.  They work their way through a master and doctorate degrees, they become lecturers and continue carrying out research to be promoted to higher academic positions.  Usually, a faculty member graduates from a department and keeps working there for his entire academic career.  In the rare event, when there is shortage in a particular specialty, a job advert is placed asking external academics to apply for a vacant position.  

Administrative staff members are appointed in accordance with the civil servants law which prevails in Egypt.  They are usually trained by older personnel on the job.  Sometimes they can adversely affect education due to their poor selection, training or motivation.   For example, a laboratory assistant may be unable to operate apparatus or the departmental secretary taking too many days off work.  It should be noted that there are no plans for hiring replacements for any of the administrative staff who retire as Egypt is seeking to reduce the number of civil servants by 50% before 2030 (El - Dada, 2017).
1.2.4.2 Products/Service
The graduate is the most important product of the faculties of engineering.  Other products include scientific research (Self Study 2013-2014, p. 94) and community services such as providing engineering consultation to the various industries (e.g. manufacturing, construction, and telecommunications), (Self Study 2013-2014, p. 61).  Scientific research and community service are carried out individually by academic staff members in their own free time or through the relevant consultancy units in the Faculty of Engineering.

1.2.4.3 Marketing/Sales
These business functions do not exist as such.  Mark (2013) and some of the quality assurance literature consider students as customers of the educational establishment.  Hartmann (2008) in her working paper on private tutoring in Egypt argued that the students are consumers, private tutors are the suppliers and education is the commodity.   However, it is difficult to apply consumer or consumer theories to Egyptian students attending governmental or even private universities.  Each year students compete, by trying to get the best GPA in secondary schools, in order to be accepted in one of the governmental or private faculties.  The available places in the faculties of engineering are much less than the number that would like to study engineering, whereas in a traditional business setting, firms compete with one another for customers.  In addition, in governmental universities, the bench fees paid by students cannot be considered as a fair value for the education provided, regardless of its quality.  Moreover, Bunce, Baird & Jones (2017) found that considering students as customers and treating them as such damages their academic performance, i.e. quality will suffer.  The authors consider that students are inputs, and the education process transforms them into graduate products.  The assumption is supported by Pereira and Da Silva (2003) as seen in the model in Figure 3.
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Figure 3 Model for Engineering Education Process as Proposed by Pereira and Da Silva (2003)


Annual adverts are placed in news papers or on the internet website of the faculty to announce the beginning of admission process for postgraduate degrees, but this cannot be considered as a marketing effort (Self Study 2013-2014, p.99). 

Attracting industry clients to benefit from the consultation services offered by the Faculties of Engineering is carried out by individual efforts, not through any marketing program (Self Study 2013-2014, p. 61). 

1.2.4.4 Human Resources
HR functions are split between those for academic and non academic staff.  Different laws govern the rules applied to each group of employees.  There are in fact separate departments assigned to the activities of each group. In general, HR activities are mainly related to managing time off work, payroll and compensation.  No talent acquisition, training, performance appraisal takes place.  Academic interviews are rare as academics are usually automatically appointed from the highest scoring graduates in each department (Self Study 2013-2014, p. 90).  It is only when PhD holders from outside the university are being recruited that interviews take place.  These interviews are conducted by senior academic staff members and no HR employees are involved. With the introduction of quality assurance measures, training workshops were organized through NAQAAE for academic and administrative staff.  The workshops were designed and implemented by NAQAAE for all faculties in Egypt and HR departments had no role in this process. 

1.2.4.5 Finance & Accounting
The accounting function exists and is strictly carried about in accordance to the law.  It is used to calculate the salaries of staff, payoff the purchases, collect bench fees from students, collect money from industrial clients ….etc.

Finance comes from government funding, consultancy services or student fees. Government funding cannot be negotiated by the dean, and it usually depends on the number of academic and non academic employees and whether there are plans for new infrastructure in the faculty.  For example, the annual sum for the faculty of Engineering at Shoubra is L.E. 150 M.  Egypt spends 23.4% of per-captia GDP on higher education. This percentage is low if we compare it with 98.2 % in Jordan, 53% in Syria, 84% in Lebanon, 55.8% in Tunisia and 89.7% in Morocco (El Araby, 2010). Consultancy services are negotiated with the clients, depending on the size and complexity of the project.  There are guidelines in the law that dictate how much to charge students to study in governmental universities, with undergraduate students paying a small flat bench fee, and post graduate students paying per credit hour studied.  However, students in private universities do pay high tuition fees.  All accounting and finance activities are supervised and audited by the “Accountability State Authority – Elgehaz Elmarkazi Lel-mohasaabat” and the University, (Self Study 2013-2014, p.  53).

1.2.4.6 Information Technology
Information technology infrastructure, such as student educational computer laboratories, desk top facilities for administrative staff to carry out day to day tasks, telephones and fax machines, does exist in all faculties of engineering.  There is usually an internet service for the dean, vice deans and heads of academic departments.  Academic staff members have no desk tops or internet facilities in many faculties of engineering.  
 
1.2.4.7 R&D
Scientific research is carried out by academic staff members and postgraduate students, but this is directed towards publishing papers in technical engineering academic journals or conferences.  Academic staff should publish a certain number of papers in refereed journals before being promoted to a higher academic degree.  Postgraduate students must also write similar publication(s) jointly with their supervisors before they are allowed to defend their theses.  Although there are some publications, by Egyptian academics, dealing with quality assurance measures and accreditation criteria in Egypt, the authors cited only 1 publication related to the pedagogic research in engineering education. Moreover, the scientific research conducted in faculties is traditionally not dedicated to developing the management / business functions or the performance of a faculty (Self Study 2013-2014, p. 94-95). One of the main aims of establishing the “Quality Assurance Units” in faculties was to develop the performance of the different departments in order to improve learning outcomes. However, the role of the “Quality Assurance Units” at the moment is only evident in preparing the documents needed for accreditation (Self Study 2013-2014, p. 103-111).

It would seem that many of the business functions are not conducted as such because of the nature and constraints placed on the faculty.  Faculties are not stand alone independent entities; they are orbiting the university and Ministry of Higher Education space and are not allowed to break free.  In addition, the employees in faculties are not business oriented.  This situation had lead to problems in efficiency and effectiveness of the faculties.  Changing any of the constraints at the moment is not going to take place. 

1.2.5 Geographical 
All of the 24 governmental universities and most of the 24 private universities have a faculty of engineering.  Many of these universities are clustered around Cairo, the capital of Egypt; however, at least one university operates in each of the major governorates.  The Faculty of Engineering at Shoubra is located in Shoubra Street, Cairo, and is an example of a medium size government faculty in Egypt.  It is based on two campuses about 2 Km apart. 

1.2.6 Industry -  Higher Education

1.2.7 External Environment -  P.E.S.T.E.L
1.2.7.1 Political
The turbulent political situation in Egypt has negatively affected the staff and students all the Higher education system. It is ironic that since January 2011, twelve different higher education ministers have taken office.   Some political aspects about higher education in Egypt, have been covered in the Carnegie Paper (Lindsey, 2012).

1.2.7.2 Economic
Due to the difficult economic situation in Egypt, spending on higher education is very low compared to other countries.  The last reported spending was 3.8% of the GDP.  This ranks Egypt at the 110th position globally (UNDP, 2013).  In governmental Egyptian higher education, students only pay a token bench fee.  Low spending coupled with having no freedom to alter the fees paid by students reduced the income of the faculties of education in governmental universities.  Although the private universities are legally non-profit organizations, they charge the students relatively high fees to cover costs since fees are the main sources of income for private universities.  Internationally, faculties of engineering have more freedom and income opportunities which enable them to provide a reasonable educational service.

1.2.7.3 Social
Egyptian society has great respect to education and people try their best to get a university degree.  The demand for higher education in Egypt is growing and the sector is undergoing considerable change as new private providers joined publicly funded universities (Mourad, Ennew & Kortam, 2011).  However, family income level has redefined the type of students that can study in various places.  The poor quality of the state education system, lead to widespread reliance on private tutoring to supplement it (Loveluck, 2012).  Those who come from higher income families usually have a better chance of getting higher GPA in secondary schools since they have access to good quality private tuition (Hartmann, 2008; Egypt Human Development Report, 2010; Buckner, 2013). 
The effect of family income on the ability to score high GPA in school, is found in a study by the Information and Decision Support Center in 2009, which sampled 4286 students from 6 public and private universities (12 Colleges), and 9 private higher institutes.   The results indicated that 47% of the students who had their high school from private secondary schools joined a public university while only 16.3% of them went on to private universities.  On the other hand, 61.5% of the students who attended high school in IGCSE or American diploma providing schools joined public universities. Whereas, 3.1% students coming from the public governmental secondary schools continued their studies in private universities and 35.5% were in higher institutes, which accept lower secondary GPA (cited in El Gerby, 2012).   

Students from upper or high middle income families end up studying at private higher education facilities or faculties like medicine or engineering in well established governmental universities.  Middle to lower income families usually prefer that their children study at governmental universities if they were able to achieve secondary school GPA criteria for admission.  Those with lower secondary school GPA are forced to join the private universities or private higher institutes.  Many students coming from middle to lower income families, will need to work and study at the same time, to be able to pay their bench fees in governmental universities or the high fees demanded by private higher education establishments.  This is the case as 27.8% of the population were below the poverty line in 2015 (UNDP Human Development Report 2015), and the percentage is expected to be more today. Although, the percentage of students working and studying is unknown, evidence of this phenomenon is cited in the work of Habibi and El-Hamidi (2016), who were quoting the words of a student objecting to the proposal of increasing the bench fees to governmental universities in Egypt.

This social and economic divide, in students attending the various higher education faculties, has definitely affected the educational receptiveness and ultimately success of the poorer individuals attending difficult programs like engineering.  El Ansari et al. (2013) examined the physical and psychological health for students at different faculties in Assiut University.  Several health indicators were monitored.  Students in engineering felt burdened by their study work load and were somewhat stressed compared to other faculties. 

1.2.7.4 Technological
Engineering is the application of technology.  Unfortunately, Egypt is not as technologically advanced as it should be. Table 1 shows a comparison of various IT indicators for 3 Middle East countries. The best indicator would be “1” and it is clear that Egypt lags behind other countries in the same region.    The technological infrastructure falls short of supporting e-learning programs.  In addition, many students still do not have access to computer and Internet facilities (Anis, 2011). This situation definitely affects the utilization of technology in learning and hence the quality of graduates.

Table 1 Comparison of IT Indicators for 3 Middle East Countries (Data Source: https://knoema.com/GITR2015/global-information-technology-report-2016)

	Index
	Oman
	Morocco
	Egypt

	Networked Readiness Index
	52
	78
	96

	Political and Regulatory Environment
	53
	70
	102

	Business and Innovation Environment
	58
	87
	113

	Infrastructure
	46
	102
	94

	Skills
	76
	110
	111

	Business Usage
	94
	105
	129

	Social Impact
	46
	59
	103




1.2.7.5 Environmental
Egypt has diverse natural and built environments.  Sometimes severe rain causes floods in Upper Egypt, Alexandria and Sinai leading to road blockages. Even without weather problems, ease of transportation to and from the faculties of engineering has a profound effect of the education.  If staff and students travel using uncomfortable means or waste a long time to arrive, their performance as teachers or learners will be hampered.  There are no programs to make educational operations more environment-friendly.  Environmental protection laws are directed towards protecting the Nile and safe solid waste disposal …etc. do exist in Egypt.  Sound and air pollution affects all people in large cities, and this affects all aspects of life, not only education.

1.2.7.6  Legal
The law that governs higher education in Egypt is “Higher Education Law No. 49 issued 1972”.  The legal aspects of the higher education system in Egypt are described in the Tempus (2012) report.  This law has affected the education quality in a profound way, as it dictates every aspect in higher education establishments. Amendments to this law has been numerous, but has always served a certain political agenda.  

Comment: It is clear that the external environment poses many threats to the education quality.  However, these factors are totally out of the control of the faculties of engineering and cannot be altered in the near future.





1.2.8 Internal Environment
1.2.8.1 Customers
Students cannot be considered as customers as discussed above.  Clients for engineering consultations or those who attend training workshops offered by the faculty may be considered as clients.

1.2.8.2 Suppliers
The Supreme Council of Egyptian Universities and Ministry of Higher Education annually decide on the number of students admitted to study in each of the Faculties of Engineering.  In Shoubra, there are 5004 undergraduate and 611 postgraduate students enrolled at various departments/programs/levels (Self Study 2013-2014, p.11 & 21).   They are the inputs for the educational operations carried out at the Faculties of Engineering.  In any operation, the quality of the inputs affects the quality of the output.

1.2.8.3 Employee
Academic and non academic staff work at Faculties of Engineering as discussed above, with rules and guidelines in accordance to the law.  For the Faculty of Engineering in Shoubra, the total number of academic staff is 664, support staff is 324 (Self Study 2013-2014, p. 12-14), including those on leave.  Other Faculties of Engineering may have higher or lower numbers depending on the governorate where it is located or how long has the faculty been established.

1.2.8.4 Stakeholders
All members of the society are stakeholders in the engineering education process because engineering affects every aspect of life.  Parents, academic staff, administrative staff, undergraduate and postgraduate students, worldwide researchers, local and international engineering firms or industrial facilities, government sectors, Egyptian and overseas employers are examples of stakeholders.

1.2.9 Time
This study is attempting to define what should happen in the present in order to have better graduates from the Faculties of Engineering in Egypt in the future.

Comment: The “Business Anatomy Model” highlighted many factors that affect the quality of engineering education in Egypt.  Sadly, however, these factors are beyond the control of the faculties of engineering.

Claim: To produce better graduates, the faculties of engineering in Egypt can find some solutions by consulting stakeholders and published literature.

1.3 Broad Problem Definition

1.3.1 Preliminary Stakeholders Analysis
Groups of stakeholders have been identified above. Different people were asked about the preliminary research idea:  “How to improve engineering education to produce better graduates?”  The responses are outlined in Appendix 1.

Summary of stakeholders’ views on the symptoms and causes of the phenomenon
Input from the stakeholders gave various and valid perspectives on the deficiencies in current engineering education. 
· Some instructors have poor teaching skills.
· No training for students in work setting/ practices.
· Instructor’s knowledge is out of date.
· Graduates are shocked when they join work as it is not directly related to what they studied.
· Graduates not familiar with new software.
· Students copy assignments. 
· Graduates recall what they studied, but unable to apply the knowledge.
· Graduates unable to make decisions.
· Graduates have no self confidence.
· Poor graduates communication skills (writing, presentation….etc.)
· Graduates unable to operate simple office machines.
· Not enough open communication between students and instructors.
· Students are not asked to innovate.
· Graduates cannot persuade contractors or workers to do the job correctly.

Stakeholders’ suggestions and recommendations
The stakeholders also gave several recommendations. Table 2 classifies the recommendations into possible actions and actions which cannot be achieved at the moment due the internal or external constraints as discussed in the Business Analysis section.

Table 2 Classification of Stakeholders Recommendations

	Possible Actions
	Valid but constrained actions

	· Training students in using new software
· Practical field/engineering offices training
· Project based learning – decision making
· Soft skills training 
· Practical application of student solutions and projects
· Improve English language ability of students
· Graduation projects should be linked to urgent problems in the society
· Character building of students
· Use digital media in teaching and learning
· Report writing, presentations skills, contracts writing skills
· Different teaching methods (self learning, cooperative learning)
· Building rapport with students
· Parents helping in financing training 
· Cooperation between faculties and the industry
	· Update the curriculum 
· Change the grading and/or exam system
· Evaluate the teaching ability of academic staff
· Improve school education
· Update the academic background of academic staff
· Ethics of academic staff
· Stop using authored academic staff  study books
· Stop private tutoring
· Increase education fees paid by students
· Reduce number of students
· No old academic staff 
· Close private engineering faculties
· Give tax incentive to engineering firms to cooperate in training students
· Change the Egyptian Codes of Practice to be the same as international codes
· Watch for international trends in engineering
· Train students to carry out research
· Specialization, no need to study many topics
· Change the selection process for academics
· Change the committees responsible for engineering education in Egypt
· Work and study
· Keep security forces out



1.3.2 Preliminary Literature Scan
Perzigian (2013) emphasized the importance of delivering a higher education program with in depth exposure to a diverse range of work in natural sciences, social sciences and humanities.  This equips students with important competencies such as “critical thinking, knowledge integration, effective communication, and social responsibility.  These competencies together with information literacy and quantitative/scientific reasoning are exactly what today’s employers are seeking”.  He compared the percentage of credit hours of such general education courses required for graduation from the University of Cincinnati (USA) to those mandated by a typical Egyptian Engineering curriculum.  He noted that Cincinnati students study only 49% of the program as engineering courses, whilst Egyptian students study around 90%.  Note that the accreditation criteria set by NAQAAE requires that humanities courses in engineering programs are allocated 10-12% of the credit hours. This renders the Egyptian graduates poorly prepared in terms of knowledge base and intellectual skills to be adaptable for inevitable change. 
Schomaker (2015), on reviewing the skills deficit in Egyptian graduates, asserted that graduates should posses “writing and oral communication skills, skills in mathematics, research, decision-making, critical thinking, evaluation, computer work, teamwork and lifelong learning skills”.  She argued that these skills have to be obtained within the course of undergraduate study not after graduation, through extra training programs.

Felder (1987) wrote about the problems of the lecture – home work – quiz model in engineering education. He argued that this model is efficient in covering the syllabus but ineffective in producing creative problem solving engineers.  He conducted several “experiments” in his class to try to get the students to think divergently.  He reported that the students were initially resistant to these exercises, but once they got the idea, they enjoyed solving the problems presented to them and the course evaluation was positive. 

Berggren et al. (2003) wrote about an initiative to improve undergraduate engineering education.  Four universities in Sweden and Massachusetts Institute of Technology (MIT) of the USA designed an instructing program which they called (CDIO) which stands for Conceiving - Designing - Implementing - Operating real-world systems and products.  The curriculum includes assessment and evaluation tools.  The CDIO program was applied in many universities worldwide and institution representatives reported their experiences in (Crawley, Malmqvist, Ostlund and Brodeur, 2007) and (Crawley, Malmqvist, Ostlund, Brodeur, and Edstrom, 2014).  Unfortunately, Egyptian Engineering faculties do not have the freedom to implement this curriculum.

Pritchard and Nasr (2004) emphasized the importance of sound English language reading abilities for engineering students as most engineering publications are written in English.  They argued that although students in Egypt learn English at school for 8 years before joining university, their teaching methods does not equip them with the necessary skills to read technical text.  They described a study conducted at an engineering college in Egypt where the teaching methods for English instruction was changed, leading to positive outcome. 

Hamzah, Aziz  & Ayub (2011) evaluated the training program for students enrolled in Universiti Malaysia Perlis.  Students complete 12 weeks of field or industrial training at actual work setting.  The training is conducted during semester breaks.  They reported that workplace setting requires that students acquire soft skills besides technical skills.

Shaaban (2013) described various teaching techniques to help student recognize engineering problems and gain the skills to solve problems. The techniques included: case study teaching, utilizing analysis tools like software packages, group assignments, real life projects and practical training.









1.3.3 Overview of the Problem
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Figure 4 Overview of the Phenomenon Investigated in Current Report












1.4 Conceptual Framework and Research Questions

1.4.1 Conceptual Framework
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Figure 5 Conceptual Framework for the Current Study

1.4.2 Major Research Question
How can the faculties of engineering in Egypt produce engineers with better?

Claim: Through applying innovative teaching methods, soft skills training, software training and practical technical training; better engineering graduates can be produced.

1.4.3 Minor Research Questions
· What are the teaching methods that can be applied in Egypt to grant students creativity and problem solving skills?
· How shall the students acquire the soft skills, including English language proficiency within the tight curriculum constraints mandated in Egypt?
· Can students be trained to use new software packages given the poor IT infrastructure in the faculties and copyrights?
· How to implement a sound practical technical training program in an actual work setting in Egypt?

Claim: Experiences from other countries may be adapted to the engineering education setting in Egypt

1.4.4 Study Variables and Their Definition
Independent Variables
Innovative teaching methods 				Soft skills training
Software training                                                        Practical technical training
Dependant Variable
Better skilled engineering graduates 

Definition of Variables
“Innovative teaching is the process of leading to creative learning, by implementing new methods, tools and contents that can benefit learners and their creative potential. Instead of passively ‘absorbing’ the knowledge, students should be actively involved in the learning processes, participate and collaborate in real learning situations, and work on authentic learning tasks, can freely discuss their problems with teacher.”
https://www.researchgate.net/post/What_is_innovative_teaching

“Soft skills are character traits and interpersonal skills that characterize a person's relationships with other people. In the workplace, soft skills are considered a complement to hard skills, which refer to a person's knowledge and occupational skills. Sociologists may use the term soft skills to describe a person's "EQ" or " Emotional Intelligence Quotient," as opposed to "IQ" or "Intelligence Quotient."
Soft skills have more to do with who people are, rather than what they know. As such, soft skills encompass the character traits that decide how well one interacts with others, and are usually a definite part of one's personality. Whereas hard skills can be learned and perfected over time, soft skills are more difficult to acquire and change.” 

 http://www.investopedia.com/terms/s/soft-skills.asp#ixzz4wMM5Fo6q 

“Soft skills are a cluster of productive personality traits that characterize one's relationships in a milieu. These skills can include social graces, communication abilities, language skills, personal habits, cognitive or emotional empathy, time management, team work and leadership traits. A definition based on review literature explains soft skills as an umbrella term for skills under three key functional elements: people skills, social skills, and personal career attributes. National Business Education Association deems soft skills as critical for being industrious in today’s workplace. Soft skills complement hard skills also known as technical skills, for productive workplace performance and everyday life competencies. Hard skills were the only skills necessary for career employment and were generally quantifiable and measurable from educational background, work experience or through interview. In the 20th century soft skills are a major differentiator, a sine qua non for employability and success in life. A study conducted by Harvard University noted that 80% of achievements in career are determined by soft skills and only 20% by hard skills. Experts say soft skills training should begin for a person when they are students, to perform efficiently in their academic environment as well as in their future workplace. A public interest study conducted by McDonald’s in UK predicted over half a million people will be held back from job sectors by 2020 due to lack of soft skills.”
https://en.wikipedia.org/wiki/Soft_skills

“Software training means making students familiar with the different software packages used in the industry.  These usually are programs designed to perform specific tasks for users. They can be used as a productivity/business tool; to assist with graphics and multimedia projects; to support home, personal, and educational activities; and to facilitate communications. Software packages are available from software vendors.” 
Adapted from: http://uwf.edu/clemley/cgs1570w/notes/Concepts-3.htm

“Practical technical training is defined as an integrative hands-on learning experience in a supervised setting aimed at the professional preparation and training of a student. Students should be exposed to various areas of the organization in which they work. Practical training provides learning opportunities related to all parts of the curriculum.
The student always works with the support and appropriate help from the field instructor.  Field practical trainings take place away from the school building, usually at a real work site. It provides an opportunity for students to interact closely with the course instructor(s), and to collaborate with employees of the organization in which their practical training takes place.”
Adapted from www.mssch.cz/sites/default/files/_hromada/Practical%20training.doc

Better skills of engineering graduates 
These are the desired skills to be acquired by graduates.  These graduates will have no or limited deficiencies, as seen in the stakeholders comments.  To produce such graduates, changes to the teaching methods are needed along with soft skills, software and practical technical training.

2. LITERATURE REVIEW
2.1 Innovative Teaching Methods
2.1.1 General
Rugarcia et al. (2000), pointed out that when we walk into an engineering class in the year 2000, we shall see the same as what we could have seen in 1940.  “The professor stands at the front of the room, copying a derivation from his notes onto the board and repeating aloud what he writes. The students sit passively, copying from the board, reading, working on homework from another class, or daydreaming. Once in a while the professor asks a question: the student in the front row who feels compelled to answer almost every question may respond and the others simply avoid eye contact with the professor until the awkward moment passes. At the end of the class students are assigned several problems that require them to do something similar to what the professor just did or simply to solve the derived formula for some variable from given values of other variables. The next class is the same, and so is the next one and the one after that”.  They argued that there is a need to find new ways to teach engineers. 

Felder et al. (2000) recommended several techniques to increase the effectiveness of engineering teaching.  These included: 
“1. Formulate and publish clear instructional objectives. 
2. Establish relevance of course material and teach inductively. 
3. Balance concrete and abstract information in every course.
4. Promote active learning in the classroom. 
5. Use cooperative learning. 
6. Give challenging but fair tests. 
7. Convey a sense of concern about students’ learning.”

In the following sections, an overview about the application of active leaning and cooperative learning in engineering education shall be given along with other applicable non-traditional teaching methods.  In the authors view, the suitability of any learning technique will depend mainly on the type of course taught, subject matter involved, preparation by the course instructor and how the students are presented with the technique.

2.1.2 Active Learning
Lefebvre and Prakash (2018) described active learning as: “the process of students’ engagement in activities such as reading, writing and classroom discussions. Such activities usually require problem-solving skills and hence inculcate the ability to analyze, synthesize and evaluate the topic being taught”.  

Petty (1983) argued that most engineering courses do not encourage creativity and innovation.  He pointed out that active learning is the vehicle to teach creativity.  To further develop creativity design projects provide practice. Projects involving real life problems with industrial involvement lead to training creative engineers. Daly, Mosyjowski, & Seifert (2014) pointed out the open ended projects which ask students to design a not so strictly defined product related to actual problems fosters the development of creative abilities.

2.1.3 Cooperative or Collaborative Learning
Rugarcia et al. (2000) argued that the new millennium presents challenges to engineering educators due to several external environment developments that will profoundly impact engineering practice in the coming years.  These include:
· Flood of information due to the accelerating rate in academic publishing and greater visibility through the internet.
· The multidisciplinary nature of technological developments; which means that engineers from different specialties and other scientists need to collaborate in innovation.
· Globalization of markets; industries having to compete worldwide.
· Environmental sustainability concerns which has become crucial for all industries.
· Emerging social responsibility trends; giving back some of the profit for the benefit of society, using resources efficiently and sharing in informed societal decision making.
· Participatory corporate structures, where middle management jobs are being eliminated empowering the first line managers.
· Rapid change in science and technology, needing continuous long life learning.

To teach engineers able to tackle the above challenges, Rugarcia et al. (2000) suggested using techniques such as: “cooperative (team based) learning, inductive (discovery) learning, the assignment of open-ended questions, multidisciplinary problems and problem formulation exercises, the routine use of in-class problem-solving, brainstorming, and trouble-shooting exercises, and other methods designed to address the spectrum of learning styles to be found among students in every class”.  Their proposals are interesting as the authors came from Mexican, American and Canadian universities and they pointed out that their recommendations are useful for developed and developing countries.

Göl and Nafalski (2007) defined collaborative learning as “small group learning where the group members actively support the learning processes of one another. Collaborative learning is increasingly recognized as giving students an opportunity to engage in discussion and to exercise a positive influence on the group’s learning outcomes by assuming responsibility for their own learning.  Critical thinking and reflective evaluation are implicit in the approach.”  In other words students are “individuals working together with the intent of enhancing learning outcomes for all involved”. Prince (2004) pointed out that may take place in the form of students sharing the learning process, but then assessed individually.  Pendergrass, Kowalcyk and Dowd (1999) carried out cooperative learning experience at the University of Massachusetts Dartmouth. The students were even housed together in dorms to promote group study. Malm, Bryngfors and Mörner (2016) described the organized cooperative learning arrangement at Lund University in Sweden.  Students in difficult courses attend discussion sessions about the material covered in lectures.  The discussion is facilitated by an older student who already passed the course. The facilitator does not provide answers, he just directs the conversation.  The students attending these discussion sessions scored higher in the course grade.

Students who went through collaborative learning at the University of Hong Kong reported that it helped them develop a sense of responsibility, teamwork skills and interpersonal skills (Chan and Sher, 2014). 

2.1.4 Experiential Learning
Bartle (2015) wrote: “Experiential learning shifts the learning design from being teacher-centered, where the teaching is largely transmissive and the students may remain unmotivated and disengaged, to an approach that is semi-structured and requires students to cooperate and learn from one another through direct experiences tied to real world problems. The role of the teacher in this process is to facilitate rather than direct the student’s progress (Kolb & Kolb, 2009)”.

Rouvrais and Gaultier Le Bris (2018) described an innovative experiential learning course introduced at Université Bretagne Loire in France.  During the week between semesters, engineering students along with others from non engineering majors participate in a “Navigation and Sea Risks” course where they were taught some skills used by seamen.  The course was designed to address some challenges in engineering education for the future and “to reinforce student confidence and efficacy, such as decision-making abilities in uncertain complex situations”.  The course was offered to first year engineering students.  The course also served an important purpose which was motivating young students to continue with the engineering program of study.

2.1.5 Simulation Games
Alanne (2016) argued that today’s engineering students have grown up with computer games.  It is possible that these students would be more motivated and engaged by specially designed educational simulators involving “game-like features such as competition and rewarding through virtual promotions or achievement badges”.  

Hamzeh, Theokaris, Rouhana and Abbas (2017) listed a number of simulation games used in teaching aspects of construction management for civil engineering students.  They reported that the games help student develop problem solving, communication, decision making, team work, and cooperation.  They selected 5 games to be played by  their students at the American University in Beirut, namely:  “Learn Airplane Simulation Game, The Silent Squares Game, The parade of Trades Game, The Red-Green Simulation Game and the Helium Stick Game”.  They reported student satisfaction with this teaching methodology as well as better exam performance for those who used the games.  They attributed this to the high level of understanding of the course topics due to the simulation games.


2.1.6 Problem Based Learning
Larsy (2008) noted that “Problem-Based Learning (PBL) is a pedagogical approach that uses meaningful, lifelike situations that students can learn from.  With PBL, students make sense of the everyday context presented and work in small groups to not only discover an answer, but to first determine the question to solve. PBL requires students to distribute tasks and share expertise amongst themselves. The problems are designed to enable students to enquire and work collectively to construct understanding. In PBL, students don’t just learn the course content, they learn how to learn!”. “There are two different types of PBL. The main difference is whether the PBL problem comes before or after instruction. In the original McMaster version of PBL, students were presented with a problem before any formal instruction had taken place. In trying to solve the problem, students learned about the topic. The PBL problem in this approach drives the learning (Woods, 1994). In the second version of PBL, problems are presented after some formal instruction. Therefore, the problem is not used to build understanding, but rather to tie in different bits of knowledge and act as a synthesis activity (Heller et al., 1992). Both approaches have proved to be effective, so it is left to the individual instructors to choose which is best suited for their classroom and institutional constraints.”.  Klegeris, Bahniwal and Hurren (2013) reported that PBL can be applied to large student groups.

Yadav et al. (2011) pointed out that the goals of PBL include fostering active learning, interpersonal and collaborative skills, open inquiry, real-life problem solving, critical thinking, intrinsic motivation, and the desire to learn for a lifetime”.  Several studies have demonstrated the merits of problem based learning in engineering and other disciplines (Woods et al., 1997; Smith et al., 2005; Klegeris et al., 2013, and Kuimova, Burleigh & Trofimova, 2016).  However, there has been some debate about the applicability of PBL to engineering education.  Perrenet, Bouhuijs and Smits (2000) pointed out that the technique has some limitations and is suitable for the early few years of engineering education.  However, in the final years, project based learning is a better alternative. Radcliffe and Kumar (2016) concluded that problem based learning will deliver superior learning outcomes for the top 5-20% high school achievers, who now study engineering, and with allocating considerable resources.

2.1.7 Project Based Learning
Chowdhury (2014) noted that “The PBL projects are designed based on challenging questions or problems that involve students in project design, problem solving, decision making, investigative activities and provide students the opportunity to work independently over an extended period of time”.  

The difference between project based learning and problem based learning is that the problem is usually open ended and the students seek the knowledge and resources needed to solve the problem.  By contrast, in project based learning, students are asked to deliver a product of some defined specifications.   However, it is essential that the projects assigned to students are real world cases.  If this is not done, the project will simply be an assignment that would not prepare students to the complexities of practice after graduation (Chan and Sher, 2014). 

One of the novel examples of student projects is that of the mechanical engineering department at the University of Kansas.  Students in Kansas work on an extensive final year project, called capstone project.  The project is required by an actual industrial client or the sponsor of the project. Two faculty members act as project managers whilst the students handle the conflicting requirements of the two project managers and the sponsor.  Students deliver the end result of the project to the sponsor, after learning many lessons on how real projects are carried out.  Capstones are a unique collaboration arrangement between industry and engineering academia (DeAgostino & Dougherty, 2018).

2.2 Soft Skills Training
2.2.1 General
Farr and Brazil (2009) were critical of the fact that the Grinter Report, published in 1955, is still the framework for engineering education in the USA. They also noted that the more recent report by the National Academy of Engineering issued in 2005 entitled “Educating the Engineer of 2020” recognized that the global marketplace is the key to the future of engineering. In addition, they quoted from this report “Technical excellence is the essential attribute of engineering graduates, but those graduates should also possess team communication, ethical reasoning, and societal and global contextual analysis skills as well as understanding work strategies.”

Shuman, Sacre and McGourty (2005) classified the professional or soft skills into two categories: process skills and awareness skills.  The process skills are: communication, teamwork, and ethical professional understanding.  The awareness skills include: global, social, contemporary issue awareness and long life learning. They provided examples of how these skills are taught and reported that there is still work to be done in assessing these skills.
The term soft skills sometimes is interchanged with other expressions such as employability skills, key skills, transferable skills, basic skill, essential skills, work skills, core skills, core competencies and enabling skills or generic capabilities (Zaharim et al., 2009). 

2.2.2 English Language Ability
To improve English language ability engineering students in Egypt are taught a course called “Technical language” in the preparatory year.  However, secondary school leavers usually have a low level of English competency. The student numbers are very large in the preparatory year and there are no language laboratories on campus. As a result the instruction covers mainly basic language skills.  This course used to be taught by instructors from the Department of English Literature in the Faculty of Art, but this resulted in little progress in language abilities. It is now taught by engineering faculty staff members.  However, engineering staff are not trained to teach English language and full benefits are not realized.  Pritchard and Nasr (2004) suggested that new course material should be prepared for teaching English to undergraduate engineering students.  This would be in line with “English for special purposes” trends.  There are now courses under the names: English for Petroleum, English for Tourism, English for Business …etc.  This proposal, along with establishing language labs will transform English education at the faculties of engineering.

Another elective course is offered during the third year in engineering faculties in Egypt under the name “Technical Writing”.  The course has always been taught by an engineering staff member.  Most graduates have poor report writing skills (Osman, 2011); therefore it would seem that they are not benefiting from this course. In the authors view, technical writing should be integrated with all engineering courses.  Students should submit writing assignments, not only solved mathematical or design exercises as part of their course work. This will probably help much more than an English course not directed towards any specific practical technical content. A similar view was reported by White and Hastings (2018) who surveyed 126 deans of engineering from around the world.  The results of the survey indicated that 72% of the deans believe that all types of communication should be developed within engineering courses.

2.2.3 Communication, Team, Multidisciplinary and Interpersonal Skills
Students are rarely asked to give presentations during studying engineering in Egypt.  The large class number makes this difficult.  However, students must present an individual or group project before graduation during the fourth and final year.  Most projects end up with a presentation or a discussion with and external examiner.  Those who study specialties that require individual projects will not have a chance to develop communication and team skills. Even when students work in teams, these skills are not assessed when the project are submitted, as the assessment is based on mainly technical criteria.  In addition, teams are formed from students in the same department studying the same specialty.  Teams are almost never multidisciplinary. 

Passow and Passow (2017) reported that engineers spend 55-60% of their working day communicating. One third of the work time is oral communication and a quarter in written communications.

In Malaysia Yuzainee, Omar and Zaharim (2011) carried out a study on which skills need to be possessed by graduate engineers.  They used questionnaires and interviews with 337 employers as a data collection method.  They reported that employers mostly desire graduates to have good communication and team work skills.  In fact these skills ranked higher than technical competency skills.  Zaharim et al. (2009) conducted a similar study on employers from Malaysia, Japan, Singapore and Hong Kong and reported similar findings.

Martin et al. (2005) interviewed 13 graduates from chemical engineering from the 
University of Cape Town in South Africa about how they perceive their preparation for work in industry.  The results showed that the graduates were adequately, if not well, prepared to face the challenges of work in industry, including key technical and non-technical areas of competencies.  However, graduates have had little or no exposure, to multidisciplinary teamwork, management, and practical experience. They also pointed out the need for communication, team-work and interpersonal skills in the workplace.

To work effectively in teams, Downing (2001) found that the most important skill that students need to learn is listening.  He also reported that this skill should be learned through mentoring by faculty staff members with industrial experience.

Klein and Newell (1997) defined interdisciplinarity as “a process of answering a question, solving a problem, or addressing a topic that is too broad or complex to be dealt with adequately by a single discipline or profession”. Lattuca et al. (2017) carried out an extensive study on acquiring interdisciplinary skills by engineering students in the USA.  They emphasized the importance of “Faculty Culture” and co-curricular activities in developing this skill in students.  The faculty staff should support the idea of interdisciplinarity.  In addition, students participating in service or humanitarian projects were more likely to posses this skill as work in these projects require interaction with various members of the community as well as other engineering disciplines.

Dirsch-Weigand et al. (2018) recognized that it is expensive and difficult to set up interdisciplinary programs.  They described the experience of Technische Universität Darmstadt in Germany in introducing multidisciplinary projects for first and final year students in mechanical and process engineering.  They reported positive outcomes in student skills and recommended that these types of projects should be introduced to other departments.

2.2.4 Leadership
Leadership in not an intended learning outcome in any of the courses offered in engineering faculties in Egypt.  However, this skill may be fostered in extra-curricular activities and voluntary work outside the university.  Knight and Novoselich (2017) pointed out that leadership is an important trait that must be developed in future engineers.  Their research on 5,076 undergraduate engineers from 150 undergraduate engineering programs from 31 colleges in the USA concluded that: “Although students’ involvement in various co-curricular activities may contribute to leadership skill development, faculty members and administrators would be misguided in assuming that these experiences should be the primary avenues for fostering the development of student leadership skills, possibly because they cannot guarantee that all students will engage in those experiences. Rather, faculty members and administrators should carefully consider their treatment of leadership and professional skills more broadly within courses or leadership-specific co-curricular programs if they want to optimize the development of technically adept engineering leaders.”

Bayless (2013), described the leadership program at the “T. Richard and Eleanora K. Robe Leadership Institute (RLI)”.  It is an annual program given to the promising students in Ohio University’s Russ College of Engineering and Technology.  It is not part of any course, however, it helps students understand the context of leadership.  Students are given summer reading assignments and they are asked to write autobiographies about themselves.  This is followed by a series of lectures on leadership.  They then undergo team building activities.  In addition guest speakers are invited to talk to students about real life cases and the students are allowed to interview the speakers.  Students reflect on these experiences and they are given an exist interview to assess what they have learned at the end of the program. 

Pons (2015) surveyed engineers in their different career stages in New Zealand.  He pointed out that mature engineer highly rated the importance of engineering management topics compared to early career engineers.  He recommended continued professional development in leadership and management for engineers.

2.2.5 Ethics
The Egyptian Syndicate of Engineers has a charter for professional conduct.  It outlines how engineers should practice and what are the consequences of not abiding by the charter.  One of the accreditation criteria set by the National Authority for Quality Assurance and Accreditation of Education (NAQAAE), the body that accredits education establishments in Egypt, is “Credibility and Ethics”.  However, only some faculties of engineering offer a separate elective course on ethics. 
 
Colby and Sullivan (2008) studied the way ethics is being taught at 11 engineering programs in USA.  The noted that ethics educations helps students deal with ethical dilemmas.  They recommended active teaching methods (i.e. learning by doing) and deep faculty involvement in ethics education.  They also found that combining ethics with other education goals, such as technical, would be beneficial.

Doorn, and Kroesen, (2013) pointed out that it is possible to use teaching techniques such as “Role Play” to teach students not only about ethics, but also social responsibility and communication skills. Therefore, ethics education need not be based on academic text which may not be well received by engineers.
 
2.2.6 Global, Sustainability and Social Awareness
These elements of soft skills are not addressed in a number of engineering programs in Egypt.  However, some emphasis is placed upon them in programs like architecture and renewable energy.  For students to become aware of these issues they should be trained in a similar manner as in the practical service training programs of Delft and Purdue Universities discussed in the section below.  In other words, these skills are acquired in conjunction with practical technical training.

Alternatively Pokholkov, Chervach and Zaitseva (2018) reported about the experience of  Tomsk Polytechnic University- Russia in introducing “Responsible Resource Management (RRM)” to their engineering education programs.  They wrote about specific training programs for faculty staff, changes to the curriculum by introducing new courses and different assessment methods for the skills to be acquired by students.

2.3 Software Training
2.3.1 Current IT and Software Teaching Practices in Egypt
Typically computers and software are part of the curriculum in Egyptian faculties of engineering.  In the preparatory year students are taught a course titled “Introduction to computers and basic programming”.  In the first year students study another course under the name “Computer programming and windows based applications”.  During the second year students are taught “Computer applications” and finally an elective in the fourth and final year called “Advanced computer applications” is available.  Although this may seem adequate, in reality the authors have the following reservations:
· During the preparatory year, all students admitted to the faculty of engineering attend the course.  The number is always much more than the available computers on campus.  This transforms the course into a theoretical study and hardly any practical training takes place.
· When students join the various departments in the first year, they are not usually well prepared to start practical work to apply what they should have learned in the preparatory year.  A repeat of the basic principles is usually covered.
· To effectively teach computer applications, the second year course, there should be two conditions: first the commercial software packages would need to be available on campus computers for training, and second the students should have studied enough specialized courses in order for him to use the commercial software in generating solutions.  As both of these conditions are usually absent, the course usually covers more programming.
· For effective learning, all courses should teach topics in computer applications related to the course theme.  This is not always practical again due to the relatively large number of students and lack of specialized software on campus.  In addition, many topics need to be covered during 3rd or 4th years, leaving little time to teach computer applications as well. 
· Students studying the elective course in the final year benefit from having studied sufficient engineering specialized courses, and they are usually eager to generate computer solutions.  Those who are keen usually acquire a laptop and upload open source programmes and start practicing.  Economic difficulties make owning a laptop impossible for many students.

Because of the above mentioned circumstances, engineers often graduate without solid software training.

2.3.2 Experiences in Software Training from Other Countries 
Adair and Jaeger (2011) asserted that there is a pressing need to include computer-assisted learning into engineering education, both as a learning aid and for professional training.  El Bahrawy (2005) also stressed the importance of utilizing computers in teaching engineering courses.  He noted that this can take many forms: 
a) Teaching students to write computer programs using programming languages such as Basic, Fortran, Pascal and C++.
b) Teaching students to use specialized commercial software packages like those developed for project management, structural design and solving pipeline networks.
c) Utilizing general software such as Microsoft Excel in solving engineering cases by designing spread sheets for particular problems.  

Ardebili and Manenti (2012) argued that students should learn both a programming language and the use of commercial software packages.  The reason given for that is the fact that some commercial packages may not provide results for some applications.  

Researchers from Spain and Colombia (Echeverría et al., 2017), proposed a collaborative teaching-learning approach to help teach non computer sciences engineering major students to write computer programs.   Their approach lead to a positive enhancement of student performance. 

[bookmark: bau000010][bookmark: bau000015]Hundt, Schlarb and Schmidt (2017) described a free web application for teaching parallel programming.  The “System for AUtomated Code Evaluation” (SAUCE) helps students write correct source codes and reduced the needed teaching time.
[bookmark: _Toc500403981][bookmark: _Toc500404128]Bangash et al. (2017) utilized spreadsheets to teach students seismic energy partitioning Knott–Zoeppritz equations.  They reported that spreadsheets are better for the educational purpose than hand calculations and professional software since spreadsheets provide a good learning opportunity for students without carrying out tedious hand calculations or playing a passive role whilst using readymade packages.  In addition, to generate reliable results when using commercial software, the user must know the source code and should have programming skills.  Since this is not the case for students, the spreadsheets provide a way to carry out step by step solutions for the benefit of learning. 

Yanase (2017) from Fukuoka University in Japan noted that finite element analysis professional software is suitable as an analysis tool in many engineering applications.  However to teach mechanical engineering students, he preferred to use an Excel – Visual Basic Application to solve simple problems to introduce students to the fundamentals of the finite element technique. Sana (2017) from Sultan Qaboos University in Oman also used Excel – Visual Basic Application to teach coastal engineering fundamentals to undergraduate students.  He chose this method and not commercial software because this “not only allows the user to follow the calculation steps but also easily modified by the user to incorporate the latest information available”. 

Yetilmezsoy (2017) described the use of MATLAB, downloadable software package, in engineering education in Turkey.  Students wrote codes in this package to solve cylindrical, conical, and spherical water tanks.  This novel educational methodology was effective in increasing students’ understanding of the tank problems and in addition has introduced students to the versatile tool: MATLAB, which will help them solve other problems in the future. Researchers from Greece (Nikolaou and Pitilakis, 2017) also utilized MATLAB in helping students analyze and design shallow foundations. They made their developed tool: SOFA freely available on the Internet.  It has received worldwide positive feedback as it attracted students and educators alike. 

Niazkar and Afzali (2017) from the University of Shiraz in Iran acknowledged that robust commercial programs such as EPANET and WaterGem provide efficient solutions for the hydraulic modeling of water distribution networks.  However, the use of these programs does not allow students to become familiar with modeling fundamentals. They introduced their students to solving such problems using MATLAB and Excel spreadsheets to enhance their understanding of the basic concepts and prepare them to use the commercial software in their future careers.

Joseph et al. (2017) developed a Windows Store App to help teach an introductory course in Digital Signal Processing (DSP).  The App has helped in reducing the effort needed to teach mathematical and algorithmic concepts. The student feedback to teaching using the App was positive.

Nagrial (2002) described the structure, contents, evaluation methodology and statistics of a course entitled “Engineering Software Packages and Applications”. The course was delivered at the School of Engineering and Industrial Design in the University of Western Sydney - Australia. The students were provided the opportunity to analyze, design and implement a number of projects from the areas ranging from PID control to Speech Analysis, Operational amplifier to Microprocessors and Filter Design to Pipeline Flow Analysis using a number of selected commercial software packages. The students found the course very useful for their employment.

Peterson et al. (2011) described the advantages of introducing Building Information Models (BIM), which is a project management commercial software, in construction engineering project management courses.  They reported that this helped instructors simulate realistic project management situations to the benefit of the students. 

Mukherjee, Neogy, and Nandi (2017) described the use of a commercial package called ADAMS in teaching an undergraduate dynamics course at the Indian Institute of Technology in Delhi.  They reported increased student understanding due the simulations produced by the package.  They also noted that students generated solutions manually for comparison.

Barbero and Garcia (2011) applied improvements to the way 3D CAD is taught at the Universidad de Burgos in Spain.  They introduced advanced training on object simulations and provided in depth instruction on the theory behind the package.

2.4 Practical Technical Training
2.4.1 Current Practical Training Arrangements in Egypt
In terms of practical training, engineering students in Egypt are required to undertake 8 weeks of practical training during the summer.  Usually this is devided into two 4 week periods.  In the first 4 weeks, usually after the first year of study, students are trained on campus to gain skills in engineering drawing or surveying for example.  The second 4 weeks, during any summer before the final year in engineering, requires training at an actual work location.  Usually the student brings to the faculty a letter that he had attended the training from the work entity. Training is a requirement for graduation, but it does not count towards any marks or credit hours.  With large student numbers, supervision from faculty staff is not always practical.
2.4.2 Training Ideas from Other Countires
Akintola et al. (2002) outlined the problems with engineering education in Nigeria and recommended better remuneration for practicing engineers, appropriate government policy and disposition and intervention of professional and international bodies (through provision of financial and material assistance) for assisting in the training and practice of engineers in Nigeria. However, Onwuka (2009) discussed the importance of academia-industry-government collaboration in enhancing the quality of engineering education. It suggested the establishment of engineering education discipline in Nigerian Universities to engage in the study of engineering pedagogy best practices.

Lee (1995) described the practical training program for engineering students at Nanyang Technological University in Singapore.  He said that the training program was 10 weeks and it included organizing students in a company to carry out various roles, simulating work conditions. The civil engineering students constructed a pre designed structure and their work included spending the allocated budget to complete the project.  Students in electrical engineering worked in factories, operated machinery and were trained to use a variety of computer systems. 

At King Fahd University of Petroleum and Minerals, students train for 8 weeks before they graduate.  They write a weekly progress report and the organization in which they train also writes an evaluation report at the end of the training period (Summer training program guidelines, 2001).

After studying the current training program offered at Nanyang Normal University in China, Xinzheng (2012) recommended that the training should be at least 3 months during summer holiday instead of the current duration of 2 months.  He also stated that students should not be allowed to study any summer courses during the training.  He suggested that the training should become a credit hour course under the supervision of  faculty staff.  Some of the respondents to his questionnaire actually recommended training between 4 to 6 months to realize the full benefits from the process.

Sardana and Arya (2003) reported that in India typically an engineering student is trained for a period of 6 months.  They emphasized that the effectiveness of any training program should be evaluated in a manner similar to assessing training workshops, rather than the process used for other educational activities.  This involves: pre-training assessment of training needs, during training monitoring of training progress and finally post training observation of skills gained and attitude changes by trainees.

Tapia, Manokhoon and Najafi (2004) compared the practical training program required by two American universities and one leading university in Chile and another in Thailand.  They noted that the American training is longer and students are paid by the companies where they train.  In addition, the training is organized through the career office at the American universities.  The comparison is shown in Table 3.

Table 3 Comparison Between Practical Training Arrangements at Different Universities (Tapia, Manokhoon & Najafi, 2004)
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Rompelman and Vries (2002) listed the aims of practical training for engineering students in general “in order of educational interest: 
1.  Acquiring insight into the engineering profession.
2.  Social/psychological goals: learning to ‘survive’ in a different culture.
3.  Learning to apply as well as broadening technical knowledge and skills.”

However, for their electrical engineering students at Delft University of Technology -  Netherlands, they realized that there is a new reality facing the engineering profession in Europe.  This includes:

· “The borders between countries are disappearing, see the uni.cation of
Europe, the global economy, etc.
· There is an increase of limited time contracts for employees; more engineers
work as consultants.
· Engineers in large companies work closely with colleagues from different
countries.
· The customers of companies are not restricted to the home country. This holds
for large, medium and small companies alike.
· There is a trend towards ‘Europe is the home market’.”

Therefore, they decided that the aims of the practical training for their students should be expanded.  The additional aims were:
1. 
2. 
3. 
4. “Learning to communicate and co-operate in international teams.
5. Acknowledge and appreciate different cultures.
6. Mastering at least one foreign language (either including or apart from English).”

As a result of these new aims, some of their students were sent for training abroad. They reported positive impact on the learning outcomes as a result of this experience.

Huff, Zoltowski, & Oakes (2016) described a training program conducted in Purdue University since 1995.  It is the “Engineering Projects in Community Service (EPICS)”. Helping in this project is welcome from all engineering disciplines and from all students across the university.  “EPICS is an engineering-centered, multidisciplinary, service-learning design program where students earn academic credit for partnering with nonprofit organizations to meet local or global community needs. The program is explicitly multidisciplinary, and it encompasses students from all undergraduate classifications, from first-year students to seniors. The curricular structure is designed to allow students to enroll multiple times in different academic terms and supports long-term, reciprocal community partnerships. The long-term student participation allows projects to be developed over several semesters or years and enables students in EPICS to solve complex and compelling problems in the community that do not fit within the traditional academic term.”  The way this operates is as follows: “Each section of the course typically consists of 8 to 24 students and is student-led, with a faculty or industry mentor (referred to as an advisor) and a graduate teaching assistant. A course section is generally partnered with a nonprofit entity in the community, such as Habitat for Humanity, a local elementary school, or a children’s museum. Every course section comprises multiple sub-teams, each one of which undertakes a single design project. Once a completed project is delivered, a new project is then identified by students under the guidance of their faculty, staff, or industry mentor(s) and community partner(s). Projects have included designing assistive technology for people with disabilities, developing database software for human services agencies, and developing energy-efficient and affordable housing solutions.” The researchers concluded that EPICS as an example of service – learning strategy provided students with a good opportunity to practice real engineering and had adequately prepared them for engineering professional work.

Oh and Kim (2018), described the training program at Korea University of Technology and Education.  They reported that intensive courses related to the major are taught during seven and a half weeks of a summer semester.  This is followed by 4 to 6 months on practical on site work-training.  Students return to the university and then before they graduate they attend another 4 months of practical training.


2.5 Recommendation Based on Findings from Literature Review
· Due to the various constraints on engineering education in Egypt, it is not possible to totally change the delivered curriculum to adopt for example CDIO proposed by Berggren et al. (2003).  However, some changes to the current practice can be introduced; leading to improvement in graduate skills. 

· Egyptian faculty staff can apply innovative teaching methods if they receive adequate training to do so.  Although NAQAAE teams have given introductory lectures to academic staff about the innovative teaching techniques, this did not inspire staff to try these methods out.  The lectures were short and theoretical.  They were also too general not directed to specific disciplines. No real life practical applications were demonstrated, like the ones discussed in this report.  It is suggested that staff from the faculty of education mentor engineering staff and help them design innovative teaching techniques suitable for various engineering courses based on the international experiences shown herein.  The application of such newly designed teaching activities would greatly enhance students’ learning outcomes and skills.

· A new “English Language Curriculum for Engineering” suitable to Egypt should be designed to help students acquire suitable language understanding abilities, as suggested by Pritchard and Nasr (2004).  Investing in English teaching facilities and software would greatly help verbal communication.  Adding report writing to assignments required from students would enhance written communication.

· Egyptian engineering staff members are in a very advantageous position when it comes to giving students practical real life design projects, as suggested by Chan and Sher (2014).  Most engineering faculties in Egypt have an “Engineering Consultancy Service”, which offer industrial consultation to clients from the local community for a fee.  The consultancy service can assign design projects to final year graduation project students.  Students then work on the projects under the supervision of faculty members.  Students working on actual client projects will be similar to the practice in Kansas University (DeAgostino & Dougherty, 2018). These projects can also include teams from different departments.  This will help students acquire multi disciplinary team skills, as suggested by Dirsch-Weigand et al. (2018).    There is nothing in the current curriculum that would prohibit multi-departmental collaboration in graduation projects.  The authors dream of the day when students in architecture provide a vision for a large building, students in civil engineering structurally design the building and design the materials to be used, students in mechanical engineering would design the air-conditioning systems, elevators and water pumps….etc,   electrical engineering students would help with the lighting, sound, fire alarm, security systems and energy conservation and so on.  

· Investing in large computer laboratories is not going to be too costly.  Students in the preparatory year should be introduced to practical hands on applications on computers.  Thereafter, most courses should encourage students to use Excel applications in solving problems, as shown in the experiences cited in this report.  There are also many special purpose open source packages that course instructors should help students to utilize.  This would provide a good basis in terms of software training if the faculties are unable to purchase modern software packages.

· Practical training, societal awareness and soft skills can be cultivated through service projects.  Each faculty has a community service vice dean.  Most of the time, the nature of activities for community service is short term humanitarian relief events.  However, for the purpose of training students, these activities can be extended to long term practical engineering projects, like those carried in Purdue University (Huff, Zoltowski, & Oakes, 2016). Students spending time and effort on such projects, dealing with various stakeholders, would gain excellent experience.  Student societies, administrative departments and academic staff can make a great difference by helping in the development of Egyptian rural areas. 

· Student trips can be an opportunity for experiential learning exercises to help students gain important soft skills, leadership and problem solving abilities instead of being just for recreation (such as the experience described by Rouvrais and Gaultier Le Bris (2018).  Students can learn a lot by going, camping, mountain climbing, fishing or navigating.  Such activities will be fun and beneficial to character building.

3.  THEORETICAL FRAMEWORK & RESEARCH DESIGN

3.1 [bookmark: _Toc485659134]Problem Definition 
Concerns have been voiced regarding the quality of engineering graduates from Egyptian faculties.  Stakeholders analysis indicated broad areas of learning and training deficiencies.   Literature review outlined several international experiences that have been proven to enhance the quality of graduates’ learning outcomes and acquired skills.  The researchers selected, from the reported literature, some of these experiences that can be implemented in Egypt.  This study attempts to apply these selected experiences, after adaptation to the Egyptian setting, to examine the improvement in graduates’ skills. 
3.2 Research Objectives 
The objectives of this research are as follows:
· Measure the quality of the current engineering graduates as perceived by themselves and their employers.
· Monitor the application of innovative teaching methods for the study cohort at the faculty of engineering to record staff and student experiences.
· Monitor the application of soft skills training activities, whether it is for a special purpose like English language ability or combined with other skills development exercises like team work during design projects or leadership in service projects, for the study cohort at the faculty of engineering to record staff and student experiences.
· Monitor the application of software training in different courses for the study cohort at the faculty of engineering to record staff and student experiences. 
· Monitor the application of practical training in service projects or as organized by the industry for the study cohort at the faculty of engineering and collect staff and student feedback.
· Promptly and periodically publish descriptions of interventions (innovative teaching methods, soft skill, software, practical trainings) to document experiences and record lessons learned.  This will create awareness about the potential for applying similar interventions in other engineering institutions.
· Measure the quality of the engineering graduates, from the study cohort on which innovative teaching methods, soft skills, software and practical training has been applied, as perceived by themselves after graduation and as perceived by their employers.
· Analyze the results to detect the improvement in graduates’ quality.

3.3 Theoretical Framework 
Quoting from Svinicki (2008):  “One very well-known meta-framework for instructional design is presented in the How People Learn (HPL) model described by Bransford, Brown, and Cocking (1999) and published by the National Academy of Sciences. This model (shown here in Figure 6) combines the four most common thrusts of work on instructional design. These theorists have combined a great synthesis of work in educational research and identified the four areas that instruction should include to maximize learning. According to this paradigm, instruction should be:
1. Student-centered – driven by the knowledge, skills, attitudes and needs of the learner.
2. Knowledge-centered – focused on helping learners develop a deep understanding of the content and processes of the discipline.
3. Assessment-centered – keyed to both formative and summative evaluation with frequent and informative feedback and revision.
4. Community-centered – based in a community of learners within the learning situation and connected to the community at large.”
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Figure 6 Theoretical Framework – How People Learn (Bransford, Brown, and Cocking, 1999)

Svinicki (2008) also framed the common education research variables into the combinations shown in Figure 7.
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Figure 7 Research Variables in Education Research (Svinicki, 2008)
The current research attempts to change some context variables (curricular issues: the independent variables) to realize student outcomes in terms of skill level including some intellectual development. 

Some specific models will be utilized in the current research.  Zea, Rodriguez and Bueno (2014) developed a model for curriculum design to support teaching engineers for the future. We quote:” The model is based on three pillars: (a) scientific research in education, (b) engineering education in engineering and (c) educational interactive communities. 

Scientific research in education promotes the use of the scientific method as a strategy to ensure an evidence-based approach to problems. Thus, research and innovation projects are based on needs and difficulties in specific areas or subjects in the curriculum. Just as any research project, a research question is the starting point and processes for conceptualization, implementation, and analysis of results are conducted using the Participatory Action Research approach.

Engineering education in engineering, means to apply the principles of engineering to education focused on the education of the engineers, this transforms the learning processes; so students develop basic, professional, transversal skills needed by the XXI century engineer.

Communities of practice, and specifically educational interactive communities, are spaces for knowledge management, both face-to-face and virtual, that enable collaborative work and sharing of experiences. The objective of incorporating them in the model is to be able to manage the collaborative work and promote the development of educational innovation projects focused on specific topics in order to provide answers to specific teaching and learning needs.

The model, being based on educational innovation projects, scientific research in education, teaching practices, academic  practices and administrative practices, becomes an innovative curricular proposal that integrates learning objects and educational, methodological and assessment strategies, developed by the members of a community of practice - faculty, academic program directors and heads of departments- that allows the socializing of experiences, knowledge management and collaborative work.” .  Unfortunately, the model is in Spanish; however, its main emphases are discussed above. The Zea, Rodriguez and Bueno (2014) model will be useful for selecting and preparing the innovative teaching activities in the courses where the intervention is to be applied for the study cohort.  These innovative activities would require cooperation between staff from engineering and education faculties. 

Chadha (2006) proposed a model for the teaching strategies to help in the development of transferable skills or soft skills for engineering students.  The model is multi-level and is explained in Table 4 and Figure 8.
Table 4 Model for Teaching Strategies for the Development of Transferable Skills (Chadha, 2006)
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Figure 8 Model for Developing Transferable Skills (Chadha, 2006)

The Chadha (2006) model will be useful in selecting soft skills training activities and in evaluating the outcome of these activities.  This would require cooperation between academic staff from engineering and psychology disciplines. 
3.3.1 Dependent Variable
The improved skills of engineering graduates is the dependant variable. Graduates with improved skills are produced by adequate preparation during attending undergraduate studies at the faculties of engineering.  The improved skills are manifested in dimensions such as creativity, problem solving, ability to apply their knowledge during industry work, good communication skills, good English language proficiency, ability to assume leadership roles, self confidence, ability to work in multidisciplinary teams, ability to use modern software common in the industry, ability to make decisions and awareness of ethical role towards society.  Before measuring this variable, detailed operationalization should be done by first surveying employers to identify which dimensions are most required for engineering graduates in Egypt.  Prioritization of graduate engineers dimensions differ from one country to another.  This can be seen from the work of Zaharim et al. (2009) who collected employer requirements in Malaysia, Japan, Singapore and Hong Kong as seen in Table 5.  Although all data came from East Asian countries, employers’ requirements did not have the same priorities and were not the same.
 
Table 5 Engineering Graduates Skills Required by Employers (Zaharim et al., 2009)
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After the prioritization task is completed, the second step would be to draw elements from the various required dimensions and thereafter the structured interview and questionnaire questions can be written as data collection instruments.

3.3.2 Independent Variables 
a. Innovative teaching methods
The term innovative teaching methods was defined in section 1.4 and examples of application of a number of methods in engineering education were described in section 2.1 of the literature review.   Each academic faculty staff member, with the help of education mentor, shall select the appropriate method/methods that can be applied in a particular class to teach certain courses.  Class teaching scenarios shall be designed then applied.  During the implementation of this study, it is hoped that at least 80% of the courses given to the study cohort will utilize one or more of the innovative teaching methods.  Measurement of this variable will be on a checklist that shows that students in the study cohort have been subject to the designed innovative teaching techniques in the planned manner and also by observation to record experiences and feedback.  Comparison between student test results for control and study cohorts will indicate the effectiveness of the innovative teaching methods.  However, this may not be possible in all cases as the nature of assessment for innovative teaching methods may differ from that for traditional methods.

  b. Soft skills training
The term soft skills was defined in section 1.4 and examples of how to develop soft skills in engineering education were described in section 2.2 of the literature review.  Training for these skills is usually carried out within other activities.  Before the study commences, a map of all the potential activities should be drawn to make sure that all the skills are covered during the 5 year educational program.  Measurement of the soft skills variable will be on a checklist that shows that students in the study cohort have been subjected to the designed soft skills training activity and also by observation to record experiences and feedback.

c. Software training
The term software was defined in section 1.4 and examples of how to conduct software training in engineering education were described in section 2.3 of the literature review.  Best use should be made of the available resources in the faculty to teach software.  A master plan for software training should be prepared before the start of the study.  Integration and cooperation between instructors of various courses should be done on a regular basis. Measurement of the software training variable will be through a practical software usage and application examinations or projects.

d. Practical technical training
The term software was defined in section 1.4 and examples of how other engineering colleges conduct practical training were described in section 2.4 of the literature review. Cooperation between internal and external stakeholders of Egyptian Engineering faculties is needed for the success of this training.  Service projects would serve both practical and soft skills training.  Measurement of the technical training variable will be by a report submitted by students to record the type of work undertaken, its duration and feedback.  In addition, society stakeholders and academic supervisors should provide feedback where possible. 

3.3.3 Research Assumptions 
The following are the assumptions of the study:
· Academic staff members are willing and motivated to take part in the study by applying the innovative teaching methods and participating in the activities related to soft skills, software and practical training.
· Graduates selected for the sub-samples shall be in contact with the researchers for data collection and their employers agree to participate in the study.
· The students in the study cohort understand the scope and purpose of the study and shall strive to interact and cooperate with the innovative teaching methods, soft skills, software and practical training.
· Academic staff members have been mentored by staff from the faculty of education and innovative teaching techniques have been prepared to apply in teaching the cohort study sample in as many courses as possible.
· Personal development experts have collaborated with faculty staff members to choose appropriate soft skills training exercises and activities.
· An English language curriculum for engineering has been designed with all teaching materials and student aids.
· Computer laboratories are ready for use and have all the needed basic software installed.
· Clients of the “Engineering Consultancy Services” agree to allow students to work on their projects.  The clients accept the anticipated delays.
· Cooperation between the faculty and the relevant government agencies has been agreed giving students the opportunities to participate in service projects. 
· Arrangements have been made to organize experiential learning trips for students.
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Figure 9 Overview of the Proposed Work for This Investigation

3.3.4 Research Limitations 
The following are the research limitations:
· The research is limited to two cohorts:  the first is the control cohort taught in the traditional way, whilst the second is the study cohort, on which interventions have been applied.  Both cohorts are from the same governmental faculty of engineering in Egypt, but around 5.5 – 6 years apart.
· The research is limited by realizing the assumptions before the study can commence.

3.4 Research Questions 
3.4.1 Major Questions 
To what extent will the quality of engineering graduates improve after applying the innovative teaching methods, soft skills, software and practical technical training as defined by the researchers?

3.4.2 Minor Questions 
· How much would be the measured improvement in innovation and problem solving ability in the treated study cohort compared to the control cohort?
· How much would be the measured improvement in team, leadership, language, interpersonal skills and social awareness due to soft skills training in the treated study cohort compared to the control cohort?
· How much would be the measured improvement in software usage abilities due to software training in the treated study cohort compared to the control cohort?
· How much would be the measured improvement in the practical skills of students due to practical training in the treated study cohort compared to the control cohort?  

3.4.3 Hypothesis 
If the faculties of engineering in Egypt apply innovative teaching methods, soft skills, software and practical training, then the quality of engineering graduates will improve.  

3.5 Research Methodology 
3.5.1 Research Type 
Purpose of study: Hypothesis testing

Type of investigation: Causal study to quantify the relationship between the occurrence of independent variables and the dependant variable.

Extent of researcher interference: Excessive interference from the researchers to detect the difference between the control cohort, taught in the traditional manner and the study cohort subject to the interference or treatment (innovative teaching methods, soft skills, software and practical training. 

Study setting: This is a contrived, field experiment (conducted in the faculty, but under controlled conditions).
Unit of analysis: The unit of analysis is a dyad one graduate (self evaluation of attributes) and one employer (evaluating the attributes of the new graduate working for him).

Time horizon: This is a “Multiple cross-sectional” study in which the data is collected twice. The first time at t=0 (collecting data from fresh graduates taught and trained using the traditional method and their employers).  The second time at t=5.5 - 6 years (collecting data from fresh graduates from the study cohort taught and trained using the innovative teaching methods, soft skills, software and practical training and their employers)

3.5.2 Data Collection Instrument and Source
Kind of data: Quantitative

Type of data:  Primary

Source of data:  Human non interactive respondents:  fresh graduates (within one year of graduation) from the control and study cohorts and their employers.

Methods of data collection: During implementation of interventions or treatments: observation, student test results and reports will be used for data collection. To test the hypothesis: personally administered questionnaires and structured interviews will be the methods to collect data from the control cohort, the study cohort and the employers of both cohorts.

3.5.3 Sampling Methods
The universe:  Students from faculties of engineering at governmental universities in Egypt. Rabeae (2017) reported that the governmental universities will admit 17170 students in 2017.  Therefore, the universe is 85000 approximately. 

The population: Students and graduates from the faculty of engineering where the study is taking place.  If we consider the Faculty of Engineering at Shoubra as the study setting, then the number of enrolled students in all study years is 5004 and the number of graduates annually is 1280 (Self Study  2013-2014, p. 11).

The elements: All members of the control cohort, the study cohort and their respective employers.  Students in Shoubra are enrolled in various departments as follows: Preparatory 1201, Civil 813, Electrical 1206, Mechanical 994, Surveying 441 and Architecture 349 (Self Study 2013-2014, p. 11). The control cohort will be graduates in year t=0 and the study cohort will be those on which interventions have been applied at t=5.5 - 6 years.

The sampling design:  Disproportionate stratified random sampling.  Select a sub-sample from the graduates of each department since the nature of study and numbers of graduates differ between departments. This will give an indication of the differences in skills of graduates from various departments. Sub-samples will be from both control and study cohorts in the investigation time horizon.

The subjects:  The selected graduates in the sub-samples and their employers.



Appendix 1 – Stakeholders Analysis
Fresh graduates
· I believe that we need to update our curriculums, train our teachers on how to motivate not stimulate, and change our evaluation from 30% classwork - 70% final exam, to be the opposite.  Add more value to practicing.
· There must be a practical site implementation part during undergraduate study.  This part should be graded.  Software teaching is ignored.  Students should learn software within the faculties instead of having to learn that through external courses.  There must be individual and group project work related or with all taught courses.
· The academic competency of faculty member and teaching assistance should be given careful consideration.  Sometimes the faculty members are proficient in the scientific topics, but unable to teach effectively.
· Pre university education should be developed.
· Students should implement what they have learned in the industry.  I suggest one month of lectures, alternating with one month on site to apply what has been learned in lectures.  Greater emphasis should be on what the engineers will need once they graduate like technical office work, bids, work implementation, report writing, communication by emails and soft skills.  The mind set and scientific thinking of faculty staff should be up to date.  Some faculty members are stuck in 1985.  Continuous improvement is essential.
· Theoretical courses should be replaced by learning to use engineering computer programs.  Compulsory practical training for all students at work sites should be arranged by the faculty every year for all students.  This should be under the supervision of the faculty and should be graded. Student course evaluation should be carried out all the time.  Faculty members should present to their students all new innovations in their fields.
· The process and history of each of the engineering theories should be explained to students.  This should be followed by practical application of these theories.  The application should be clear, so that there will be no room for ambiguity or misunderstanding in any way.
· Stress practical applications.
· Renew the curriculum by adding modern software used in design.
· Management and implementation of the work in the faculty should be improved.
· Links must be established between academia and practical application.  This should be a serious controlled link. We were all shocked by real practice after graduation.
· Applications should be on real life problems.  Choices should be based on student talents not his GPA (The student is probably referring to the departments within the faculty of engineering.  Students are allocated to various departments based on preparatory year GPA.  Those with higher GPA choose which department they go to.)
· Connecting the study in the faculty with practical life.
· Practice, practice, practice!!!! Students should be trained before graduation under the supervision of the faculty.
· Graduate engineers should come to teach in the faculty for one year.
· Curriculum update, practical applications and better selection and training of faculty members.
· The T-Square (ruler) should be placed on exhibit at the Egyptian museum (joke).
· Thank you for asking this question.  The faculty member has the greatest responsibility in the engineering education system.  The student is at a critical life stage and needs added value from the teacher.  The value of science and the value of his word.  Faculty member should posses these values to transmit them to students.  His role should never be to fill students’ brains with information in order to pass the lecture time.
· Students should work during studying.  Four days of studying and two days at work.
· Everything is on its way to becoming automated.  It is important that students learn programming for all engineering specialties. These should be trained in new technology like BIM in construction.
· The study curriculum should be linked with practical application. Students should be really practically trained and their skills in management, communication and languages should be developed.
· The guidelines of NAQAAE in terms of faculty/student ratio should be followed.  Practical training should be compulsory and graded.  No printing of educational books authored by staff members.  No discrimination of a student who wrote the book and the one who did not.  No private tutoring.
· Sending people to study abroad with the help of business men. 
· The students should be taught creativity, innovation and development skills.  They should be introduced to economic growth ideas.
· Reform of the curriculum.  Hire staff that can keep up with the technological development. Compulsory practical training for 4 months annually during the 5 years of engineering study.  Increasing the fees paid by student to cover the real cost of education.  Reducing the number of admitted students. 
· Abolish the faculties of engineering altogether.  Linking the job market to any market, no problem (sarcastic remark). 

Graduate Engineers
	No.
	Attributes
	Response 

	1
	Graduated in late 1990’s from Cairo University, worked in construction contracts department at a large consulting office, recently moved to Canada and trying to get the Egyptian degree recognized.
	I am now studying the same typical traditional curriculum in Canada in order to sit for the professional engineers exam.  It seems that the situation is the same everywhere, theory is more important than practice to academics.  Engineers do not need this in practice.  Why are students still taught engineering drawing the same old way, when there are now many software packages like Autocad?  Graduates should be ready to use these all such computer applications. 

	2
	Graduated in 2010’s form Shoubra worked in Saudi Arabia and Egypt.
	The old curriculum should be reformed.  New teaching methods should be applied.  Faculty staff members over 50 years of age should not teach fresh students.  Annual applied projects should be implemented by students in parallel with studying.  Scientific research should be encouraged and psychological rehabilitation is needed.

	3
	Graduated in early 2000’s form Shoubra worked in Egypt and the Gulf in Multinational companies
	First, all private engineering faculties should be closed.  Second, engineering education is not about copying answers to assignments for the library.  In engineering education the student should gain skills and understanding.  The assignment should measure the students’ ability for creativity and innovation.  Students only memorize.  If you ask them about any concept, they recite what has been memorized. 
On sit however, they cannot make any decision or even present a suggestion. 

	4
	Graduated in early 2000’s form Shoubra worked in Egypt and the Gulf 
	There should be open courseware for all courses.  Faculty staff members should be evaluated in accordance with their participation in open courseware during promotion to higher academic degrees.  Part of the students’ grades should be for scientific research and they should be familiar with international journals and able to look up information.  Final year projects should be for Egyptian national needs like solar panels, modern building materials which consume less energy during manufacturing, and industrial design. There should be a mechanism to link local companies to the universities in order to help in training students.  In return the companies can be granted tax incentives or any other means of motivation. 

	5
	Graduated mid 2000’s form Shoubra, worked in Egypt and the Gulf
	During graduation projects, students should work on industrial site to build their true professional character.

	6
	Graduated mid 2000’s form Tanta University, worked in Egypt and the Gulf
	Each student should choose a large important project and go the site to collect information.  Then the student discusses this information with the faculty member.



Professional Engineers/Employers
	No.
	Attributes
	Response 

	1
	Graduated late 1980’s from Kuwait university and worked in a government engineering company in Egypt for many years. 
	The best way is to make practical technical training a study course after the first year.  Each year the students should be trained on a specific topic.

	2
	Graduated early 1990’s, working in a conglomerate of firms in Egypt in a leadership position
	1. Concentrating so much on REAL and SERIOUS on- job training at factories and production lines for considerable periods .  Swedi industries are implementing this with great success.
 2. Continuous wide exposure to technical training content present on digital media like YouTube and Google general content where they present new development and new gadgets used in technology, manufacturing and technical design offices .

	3
	Graduated 1970’s, emeritus professor at Cairo University and owner of an engineering consulting office
	The pre university education should be improved and by that half the problems would be resolved.

	4
	Graduated in the early 1990’s from Alexandria University.  Worked in various firms in Egypt
	The curriculum and teaching methods should be changed.  There should be emphasis on research and understanding not memorizing.  There should be courses for critical thinking and problem solving.  The graduation project should be individual not group work and must be about a new idea, invention or product instead of being a copy from other sources. Graduation projects should find solutions to real problems.  The theoretical part in exams should be replaced by questions that depend on analysis and understanding.  Proper selection of faculty staff based on merit.  

	5
	No info
	I noticed that new graduates from private engineering faculties are not proficient. They lack self confidence, cannot make decisions and may be intimidated by workers.

	6
	Graduated mid 1980’s from Cairo University, worked in international contractor’s firms in Egypt and now working in Qatar
	1 - Presentation skills
2 - Report writing 
3 - official letters / contractual

	7
	Engineer over 55 years of age.
	The engineer must be proficient in software packages.  He must know how to operate a printer on a network.  He must be able to read blue prints.  He must be at least able to write a report to state what he wants.  It is not acceptable that I find engineers who do not know to carry out any of these simple tasks.

	8
	Graduated early 1980’s from Kuwait university and worked in the Gulf and in Egypt on large projects
	1. Constant update of curriculums to match technology updates and market needs.
2. Practical on-site training/internship at reputable companies that is compulsory and supported by faculty management.

	9
	Graduated mid 1980’s from Ain Shams University and worked in international consulting offices in Egypt and the Gulf
	1. The global market requirements should be taken into considerations.
2. Engineering education should cover international codes of practice, not just the Egyptian codes.
3. Computer should be taught in all subjects.

	10
	Graduated early 1970’s, worked in Egypt and also for many years in the Gulf
	We should have two types of faculties of engineering.  One should be devoted to teaching designers and the other should teach industry supervisors.  Emphasis should be placed on specialization, no need to teach all civil engineering students railways, sea ports, highways, steel bridges and then they end up only working in the construction of reinforced concrete buildings.  Specialization is currently very important.

	11
	Graduated early 1980’s from Kuwait university and working as a trainer for fresh graduates
	A lot of practice in the laboratories is important.  Students must see everything and they should be trained with the help of the university in accordance with their departments.



Academic Staff
	No.
	Attributes
	Response 

	1
	Professor at the Faculty of Engineering – Cairo University, now working at UEA
	Faculties of engineering, all laboratories and scientific research should be linked to the industry and government ministries.  Scientific research should be encouraged.  Curriculum should address understanding not memorizing.

	2
	Assistant professor, originally from Cairo University, but has now moved to Nile University and has taught courses in international universities in Egypt and abroad
	Hire professors after PhD on a competitive basis and do not give them tenureship until they earn it.

	3
	Professor at the Faculty of Engineering – Cairo University
	All those responsible for engineering education in Egypt should be changed including the engineering sector committee. 
Note: the engineering sector committee has to approve curriculums before implementation, and usually stands in the way of any unconventional courses.

	4
	Professor at the Faculty of Engineering Shoubra
	Education should be student oriented not teacher oriented. Pull education instead of push education.

	5
	Assistant professor at Faculty of Engineering Helwan University.  Contributed to education development efforts for many years
	Continues training for the staff.  Internship with the labour market. Quality of the education and management. Continuous development of the Curricula.  Link education with labour market.

	6
	Professor in a leadership position at Fayoum University
	Practical applications depending on department specialty. 
Faculties acquiring new software for student training.  

	7
	Professor in a leadership position at Shoubra
	Reduce the number of students per class.  Students should explain some parts of the lectures to promote self learning.  Efficient use of laboratories by asking students to carry out laboratory assignments and projects.  Improve students skills by not depending on the lecture mode of learning    

	8
	Emeritus professor at Cairo University
	Faculties on engineering should be aligned with the international development in engineering sciences and should be ultimately aimed at societal development 



Administrative Staff
	No.
	Attributes
	Response

	1
	Has been working in the Shoubra for more than 20 years. 
	When a student is accepted in the faculty of engineering, he should undergo ethical training by faculty staff members.  This enables the student to respect intellectual capital and teaches him the importance of scientific research. After this training, students can be allocated to departments depending on their aptitude. 

	2
	Has been working in the Shoubra for more than 20 years. 
	There is a gap between students and faculty staff.  Students should be consulted in a number of issues.  Rapport should be build between students and faculty so that students can ask about what they do not understand without hesitation.  Some staff members do not give enough office hours to students.  Little practical work and a lot of theory is taught.  It is better to depend on repetitive frequent quizzes to help students retain the information they learn.  Students are creative, but this is not utilized in the learning process.  

	3
	Has been working at Shoubra for more than 26 years as support staff
	Some students do not pay attention while others do care about studying.  It is a motivation problem.




Parents
	No.
	Attributes
	Response

	1
	Mother of a fresh graduate
	Increase the practical training in industrial sites

	2
	Father of a current student
	Increase the practical training. Send students for training at large national and international projects during the inter semester and summer vacations.  I am willing to pay for training of my son.  The engineer should graduate with at least 60% practical experience and the remainder 40% can be acquired after graduation.  Engineers now lack experience.

	3
	Father of a fresh graduate
	Practical education and hands on experience where students can implement their solutions.  Workshops or simulators may also help.  The university should collaborate with large firms to organize student visits.  Some graduates lack enough knowledge in their specialties as they were not trained during studying. 

	4
	Father of a fresh graduate from a private university
	Actual practical training under the supervision of faculty.

	5
	Father of a fresh graduate
	Practical application for all specialties.
Renewal of study topic to be in line with the latest published scientific research.
Course design and implementation are not  adequate 
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