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ABSTRACT
This study, which was conducted in the Rwanda Polytechnic, had a purpose of assessing the impact of TPACK training on teaching performance of TVET tutors in Rwanda Integrated Polytechnic Regional Colleges (IPRCs). The study used the experimental design to determine whether the acquisition of Technological Pedagogical and Content Knowledge (TPACK) can influence the teaching and assessment in TVET sector, at IPRCs level. The non-probability sampling technique was used.  The findings revealed that TVET tutors in Rwanda were equipped with enough Technological Knowledge. This was concluded referring to the results that showed there was no significant difference between pre-test and post-test results for both treatment and control groups. They are also equipped with Content Knowledge. Pre-test and post test findings in Table 4.2 showed that 85.3% and 89.8% of the respondents agreed and strongly agreed with the statements testing their CK level.  They also revealed that the trained academic staff (treatment group) improved their Pedagogical Knowledge where this was witnessed by the results showing that only 53% of the respondents were equipped with PK before training. In the end, the figures increased and it was found out that 74.9% of trained respondents were equipped with PK after training. It is recommended that the Government of Rwanda should establish a pre-service institute dedicated to the training of trainers who would teach in Technical and Vocational Education and Training schools at all Rwanda Education Qualification Framework levels. 
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Introduction 

It is the assumption, in this study, that training in Technological, Pedagogical and Content Knowledge influences teaching performance in the field of Technical Vocational Education and Training (TVET). This chapter focuses on the background to the study, statement of the research problem, and objectives, research questions, significance of the study, limitations of the study, delimitations of the study and organization of the study.

1.2 Background to the Study

This chapter focuses on the challenges faced by TVET sector at the global level, in Africa, in the region, and in Rwanda. It mainly puts emphasis on TPACK framework, as a solution to the challenges TVET is currently facing, basing on how it influences tutors’ teaching performance in TVET. It also indicates the organs and their policies involved enhancing integration of technology in teaching TVET trainees in Rwanda. It refers much on the policies, reports and Statistics related to Rwanda TVET as well as other published research studies on TPACK.

It has been stated that Technical and Vocational Education and Training (TVET) is often regarded as inferior, or as a second choice after professional education, regardless of the student’s interests (indeed passions) or abilities. Many people therefore dismiss promising and meaningful career paths in areas where employment demand is greater, simply because of the stigma attached to technical and vocational occupations (Borgen & Hiebert, 2002). Due to that stereotype, some countries do not reinforce and invest in this sector of education. Though it is sector which much demanding in terms of material and financial resources, some governments allocate a few resources for the implementation to teaching in the sector. The major issue is the investment in Human Resources. Most of the teaching personnel are not well trained specifically in how learning takes place.  They don’t invest in establishing schools dedicated to training pre-service and in-service TVET trainers. On the other hand, there are examples of some countries that deploy their efforts in TVET.

Japan, Korea and Singapore are the best examples of the VET system being well established. In these three countries, the VET system has contributed significantly in the process of economic development. The system of vocational and technical education in South Asia is thus characterized by low enrolment, high drop-outs, poor-quality of teachers, and inequitable access for women and rural populations, limited private sector involvement (Ramswarup, 2013). 

In Africa, on one hand, in Nigeria, there is the Nigeria Certificate in Education (NCE) Technical Programme which is a three-year post-secondary education aimed at providing technical teachers with the intellectual and professional background adequate for teaching technical subjects and making them adaptable to any situation in technological development (Japo, December 2013). In Ghana, the Technical Education and Training is offered throughout the Integrated Community Centre for Employable Skills (ICCES) which is an agency under the Ministry of Employment and Social Welfare with policy objective of filling the gap in employment generation by developing the young human resources in line with the poverty alleviation goal of the government of Ghana (Pongo, Effah, Osei-Owusu, Obinnim, & Kwame, 2014). The challenges encountered by TVET sector in the above countries include a small number of graduates who would train in the sector, lack of adequate infrastructure and large class size. 

In Kenya and Tanzania, reports state that TVET in Kenya is considered as the engine for socio-economic and technological transformation while there is a project that was initiated by the African Development Fund, Human and Social Development Department (OSHD) entitled “support to technical vocational education and training and teacher education” designed within the context of the national human resource development priorities and in support of the development of skills in the United Republic of Tanzania. This was initiated due to a shortage of skilled labour as one of the major constraints to becoming a middle income country by 2025 as stipulated in the Vision 2025. 

Apart from in-service training in Tanzania, there are teacher training institutions aiming at training Vocational Education Training (VET) teachers and trainers and enhancing the existing pedagogical and managerial skills of TVET teachers (UNESCO-UNEVOC International Centre for Technical and Vocational Education and Training, February 2016). Amongst the challenges encountered by TVET in Kenya, there are the inadequacy of training facilities, relevance of facilities, relevance of curriculum and the trainers’ level of qualifications (Sang, Muthaa, & Mbugua, February 2012). 

Rwanda is an independent country since 1962. It is a landlocked country surrounded by the United Republic of Tanzania in east, the Democratic Republic of Congo in west, the Republic of Burundi in south, and the Republic of Uganda in north of this country. After the 2012 population and housing census conducted in the whole country, the total population is ten million, five hundred and fifteen thousand, nine hundred and seventy three (National Instirute of Statistics of Rwanda, 2012). 

Currently, the formal education in Rwanda is being regarded as the main pillar of the country development and the welfare of its people. In its article 2, paragraph number 8, the Organic Law organizing education in Rwanda states that amongst the mission of education in Rwanda, to train a Rwandan to be hard working, perform properly the work, to save time, to be committed to work and to promote competence (Office of the Prime Minister, 2011). The same article, paragraph number 9 states that education also aims at organizing for the country, the necessary and sufficient human resources at each level of employment in accordance with the country’s development level. The said human resources will be gained from the trainings conducted at different levels and types of education, including Technical Vocational and Education and Training (TVET).

For the effective implementation of the national policy guidelines for improving the practical skills of Rwandan residents for their employability and competitiveness on the labour market through an appropriate technical and vocational education and training system, the Workforce Development Authority (WDA) was established in 2009 (Office of the Prime Minister, 2009). It was established to implement the TVET Policy and regulate TVET providers. Before 2009, TVET was conducted but there was no law reinforcing its implementation and its National Qualification Framework was not yet established. With the establishment of WDA, this field of training has taken a direction and it is now conducted basing on the Rwanda TVET Qualification Framework (RTQF) which is in place since June 2012. This will enable students to be efficient and competitive at the labour market. This efficiency is a result of the quality of the training which also depends on the teacher’s capacity in delivering the courses through the integration of technology into pedagogy and content knowledge. 

Referring to the Rwanda Ministry of Education (MINEDUC), TVET history is not well documented. It is quite hard to know much about this development engine before the 1994 genocide against Tutsis. But there had been some types like: “Foyer for women established to train women in Culinary art & housekeeping, CERAR (Centre d’Enseignement Rural et Artisanal au Rwanda) that was in charge of training rural residents in different handcraft production services later replaced by CERAI (Centre d’ensegnement Rural et Artisanal Integré) in 1979 (Rwanda Ministry of Education, 2017). They also argue that CERAR and CERAI were a 3 years program for primary school leavers & failure. ETOs (Ecoles Techniques Officielles) were also established in 1979 for Technical secondary Education. At the moment there was no policy related to TVET that was available.

After the 1994 Genocide, the government established the CFJ and CFP for vocational training and ETOs were maintained for Technical Secondary Education. In this period, TVET was captured in the Rwanda National Policy and there were neither implementation guidelines nor the regulating entity. The Education Sector policy has been over changing due to some gaps in its implementation and other policies have been elaborated, as discussed earlier.  From 2008, the government adopted the TVET Policy and reforms of TVET in Rwanda started. Vocational Training Centres were introduced primary leavers to attend a 3 months to 3 years program in vocational training. Technical Secondary Schools were established for Technical secondary Education and Integrated Polytechnic Regional Centres (IPRC) /Polytechnics or TVET Higher Technical Education and Training Institutions. After the recent TVET restructuring, the Integrated Polytechnic Regional Centres and other polytechnics have changed their name and are now known as Integrated Polytechnic Regional Colleges. But the abbreviation is still the same (IPRCs).

Currently, Rwanda has 8 Integrated Polytechnic Regional Colleges around the country, 7,411 trainees and 724 trainers. In the 2003 Education Sector Policy, in its part 5, there are specific policy statements and associated implementation strategies stipulating that the Ministry of Education would offer pedagogical training/teaching methodology to students in technical and vocational tertiary education, so that these students upon graduation can teach at secondary level. On the other hand, in the 2017 Ministry of Education TVET skills development report, among the challenges facing TVET Sector, there is “Insufficient human capacity within the TVET system especially the Training workforce.” 

On top of that, the teaching personnel are recruited basing on the individual qualification matching with the subject to be taught. There are no specific guidelines or minimum standards, apart from the degree one may have been awarded, to be a TVET tutor. Some institutions may require a number of years of the teaching experience or experience in the related field but other do not consider these criteria. This results into poor performance of the tutors who may be having knowledge but are not familiar with how learning takes place and how they should integrate technology in their teaching. As discussed it earlier, WDA was established to monitor the teaching methods and train the concerned staff members who are mainly the teachers. Some staff members got in-service training, others went for Post Graduates Studies, but others have not yet received any training. Therefore, there are skill gaps in courses delivered by the teachers who have not yet gone for the trainings. Therefore, the students will be vulnerable of the poor performance of teaching staff.

Technology, in Rwanda, has been integrated in most working sectors. It shouldn’t be left behind in educational system. To enhance the quality of the integration of technology into our teaching, a broader conceptualisation of the use of the technology is needed and, in particular, to enable an authentic context for teachers and students to learn about educational technology (Dorit & Pauline, 2014). “Technological Pedagogical Content Knowledge (TPACK) is a conceptual framework for teachers to teach effectively using technology. This framework originates from the opinion that use of technology in educational context would be effective only if content, pedagogy and technology are aligned carefully” (Manchikanti, 2017). This research sight to prove the extent to which Technological Pedagogical and Content Knowledge is being used to enhance teaching performance in Rwanda TVET tutors.

The discussions above indicated that TVET is offered in the above stated countries and there are policies, regulations and strategies set for its proper implementation. It has also been discussed that in other countries there are institutions dedicated to training TVET trainers to enhance their training approaches and strategies. The countries’ leadership understands that TVET is an engine for their economic growth. Some of them such as Nigeria, Kenya and Tanzania have established institutions in charge of training TVET trainers, but others, Rwanda inclusive,  have the concept in their policies which are not yet/at all implemented. Therefore TVET tutors in Rwanda have not been trained to train. The researcher was attracted by this status on no TPACK model training offered to the trainers who intend to train future technicians and assess their performance before training them and after training to come up with result based on the comparison between pre and post-training.   

1.3 Statement of the Problem

The pedagogical knowledge has been identified amongst factors that influence the tutor’s performance.  “It is an unaccepted fact that teachers are usually born but made.... one of the prerequisite to be (a) good teacher is to understand the teaching learning process in more depth” (Sequeira, 2012). As digital technologies are now becoming not only instructional tools but also thinking tools, the knowledge domain has expanded to include technology.

Educators need to use technological knowledge to encompass more than fluency with information technology; it also has to include pedagogy and content knowledge (Hamzah, 2017). Therefore, an emerging framework of technological pedagogical content knowledge gives a picture of how all three components of knowledge could be synthesized to effectively teach a subject matter using digital technology. In Rwanda TVET sector, tutors lack knowledge and skills pedagogy since there is no single institution in charge of training them in pedagogical matters (Hamzah, 2017). 

Studies have remarked that: “It is unfortunate, but true, that some academics teach students without having much formal knowledge on how students learn.” (Fry, Ketteridge, & Marshall, 2009). There are clearly many knowledge systems that are fundamental to teaching, including knowledge of student thinking and learning, and knowledge of subject matter (Mishra & Koehrer, 2006).   Allowing the teachers’ TPACK levels to increase is very important giving an opportunity to their students to grow up as literate individuals in terms of science and technology, as well as other fields of their studies (Onder & Halil, 2018).

In the TVET Policy problem statement by MINEDUC (2008), it has been stipulated that about 58% of teachers in the existing 31 (at that time) Technical Schools have A1 and above and are formally qualified for their tasks to train middle level workforce. However their real performance is inadequate because their practical technical competencies, pedagogical preparation and motivation are underdeveloped. TVET is a field that has many trainers who are qualified in their respective domains, in Rwanda, but who have never acquired any technological and pedagogical knowledge to use while teaching since they are mainly not trained to teach. This is because in this country, there is no training institution dedicated to training future technical school tutors. Research studies have indicated that “knowledge and skills in how to teach is also a must. Effective teachers understand and are able to apply strategies to help students increase achievement” (Maivaji, 2014). 
In the study conducted to enlighten the teacher’s perceptions upon the integration of ICT in teaching in Rwanda, it was advised to help teachers acquire different Technological Pedagogical Content Knowledge (TPACK) and to provide adequate ICT facilities and Skills required for integrating ICT into teaching and learning processes as proposed by TPACK model (Munyengabe, He, & Zhao, 2018). Basing on the above statements, in Rwanda, there are many qualified TVET tutors in their respective domains, but they lack Technological and Pedagogical Skills since it has been proven by the fact that there is no training institution dedicated to training future TVET trainers, capacity building development (CPD) is done but not to all. The study was conducted to those who did not receive either TPACK training or any other related CPD courses. It is in this regard that this study sought to evaluate the impact of integrating TPACK on teaching in Rwanda TVET Sector.  

1.4 Research Objectives

1.4.1 General Objective

The purpose of the study was to assess the impact of integrating Technological, Pedagogical and Content Knowledge on teaching performance in Rwanda Technical Vocational Education and Training (TVET) sector, specifically in the Integrated Polytechnic Regional Colleges (IPRCs). For this purpose, the teaching performance is defined as all the activities performed by tutors during the delivery of the courses assigned to them. They evaluated themselves through pre and post-test questionnaires and the research observed it using a prepared checklist. 

1.4.2 Specific Objectives

The researcher reached the above objective by assessing the following:

i. Identify the effect of technological knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance

ii. Analyse the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges

iii. Identify the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges.

iv. Analyse the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges.

1.5 Research Questions

This research attempted to answer the following questions:

i. What is the effect of technological knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance?

ii. What is the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges?

iii. What is the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges?

iv. What is the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges?

1.6 Significance of the Study

Integration of technological and pedagogical knowledge in teaching performance is very important for effective teaching performance. Constructivism is a learning theory based on the notion that students actively construct knowledge (Neil & Kristin, 2008). Constructivism focuses on what people do with information to develop knowledge. In particular, constructivism holds that people actively build knowledge and understanding by synthesizing the knowledge they already possess with new information (Jordan, Carlile, & Stack, 2008). 
This research study is emphasizing the importance of training TVET tutors to enhance their teaching and improve their performance. The in-service training sessions have been proved to be effective for skills development through constructivist theory. This study is a baseline for policy makers to clearly state the role of TPACK in TVET training.  It has been discussed in the problem statement that TVET tutors were trained to work in industries rather than being trained for training in technical schools in Rwanda. Being a technician and imparting the technical skills in trainees require acquiring other knowledge domains. 
This study will attract the interests of TVET Key stakeholders in investing in the sector advancement. Development partners will be aware of the challenges the Technical and Vocational Education and Training is facing for its programs implementation. As the study is emphasizing on the importance of Technological Pedagogical and Content Knowledge integration in training, it will guide them towards their contribution in Rwanda TVET Tutors capacity building to improve their training skills. 

It is this regard this study’s findings have proved that training of TVET tutors would improve their performance. Therefore, the study is significant to policy makers for elaborating efficient and effective policies and laws governing TVET sector. It should guide them in setting requirements to be a TVET trainer for the purpose of teaching and learning process enhancement.   In addition, this work shall serve as a contribution to further research studies. In Rwanda, TPACK is a model with limited research studies and this may be an ingredient to the existing knowledge in the field of education in general, in TVET schools particularly. From this researchers shall be able to identify the existing gaps and fill some of them.

1.7 Limitations of the Study     

This study was conducted in only four IPRCs. This would limit the conclusion on the findings since all 8 institutions were not involved in the process. The study was experimental and it was time consuming. It wouldn’t be possible for the researcher to reach the all of them. It was decided to look for IPRCs providing different training sessions such that all available engineering fields were represented; and the locations were considered (urban and rural areas) to minimize the generalization errors.    

Due to financial constraints, the training that was scheduled for five (5) days took place in only two days. This would limit the targeted results. To cope with this situation, the researcher used the research assistants to be in touch with the respondents to ensure that the whole content was covered. Emails and other technological tools were used to be in touch with them such that they effectively acquire the prepared knowledge.   

1.8 Delimitations of the Study

This study was conducted in four (4) IPRCs. The researcher looked for institutions with different characteristics considering the location and training fields. This led to choosing them from almost all the provinces of the country. Two IPRCs considered is located in town were chosen (Kigali City and Musanze which is considered as the secondary city) to ensure the representation is fair.   Only tutors (academic staff) teaching different (technical and core) subjects were involved in this study. The training and observation sessions were conducted to only the treatment group to access the effectiveness of TPACK training among the trainees. 

1.9 Organization of the Study 

The chapter is general introduction, focused on introduction, background to the study, statement of the problem, research objectives, research questions, significance of the study limitations of the study, delimitations of the study and the study organization. Chapter Two, the literature review, is about the Technological Knowledge, Pedagogical Knowledge, Content Knowledge and Technological Pedagogical and Content Knowledge. It also covers the topics on teaching/learning process and learning and cognitive assessment theories. It also investigates different TPACK related empirical literature review. 
Chapter Three covers the research methodology used in the study. it specifically covers the research paradigm, the research design, the target population and sample size and sampling techniques. It also specifies the methods used to collect data, data collection instruments and validity and reliability issues as well as ethical issues. Chapter Four presents the findings, while Chapter Five deals with analysis and discussion of research findings. Chapter Six presents the summary, conclusion and recommendations.

CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter discusses the definitions of operational terms of key concepts. The researcher focused on Technological Pedagogical and Content  knowledge for teaching, learning and cognitive skills assessment theories and their implications to Rwanda IPRCs in teaching and assessment, review of publications related to technological pedagogical and content knowledge, Technical Vocational Education and Training (TVET) and trainers training in general, in Africa and in Rwanda, emphasizing on set laws, policies, and strategies enhancing this core business in IPRCs to fasten the country development. The study also considered other research studies conducted upon TVET in relation to technological pedagogical and knowledge in this field and identified its relevance to teaching and assessment.

2.2 TPACK Related Theoretical Perspectives 

2.2.1 Technological Knowledge (TK)

Technology is defined as almost everything that is artificial - the clothes we wear, the cars we drive, the pencils we use to scribble notes, and the computers we use to browse the Web. On the other hand, Technological knowledge is defined as understanding of how to use computer software and hardware, presentation tools such as document presenters and projects, and other technologies used in educational contexts. Most importantly, it covers the ability to adapt to and learn new technologies. It is important to note that it exists in a state of ﬂux, due to the rapid rate of change in technology (Mishra & Koehler, 2009). 

2.2.2 Pedagogical Knowledge (PK)

There are two views about the term pedagogy. The first is the broad view in which pedagogy means the process of bringing up a person, usually a child, while educating him or her to grow into an accepted, responsible and functional member of the society. This term was coined from a Greek word pais (noun) which means child and again (verb) which means to lead. Put together the two words became pedagogy which means to lead a child and directing his or her growth. In ancient Greece it meant to lead a child into the limelight of knowledge and to acquire customs of the society (Digolo, 2014).

The second view of pedagogy which is a more focused concept is that pedagogy is the process of teaching, especially the process of teaching that goes on in school classrooms and university lecture halls and laboratories. Therefore, this is a discipline which deals with effective teaching, learning and assessment as the way to enhance this process. It is all about the skills the teacher has and the tasks conducted to enable students to acquire new knowledge and skills in different subjects. It is in this context our research shall be directed.

Pedagogy is the science, art, and craft of teaching. Pedagogy also fundamentally includes the decisions which are taken in the creation of the broader learning culture in which the teaching takes place and the values which inform all interactions (Bill, Spencer & Glaxton, 2012). This science is very important for all trainers to be effective. The details will be discussed in the later paragraphs. Thus, this is the way a teacher must plan his teaching considering different principles and practices of educational ideologies.

On the other hand, pedagogical knowledge is the acquired skills that will enable the teacher to effectively conduct his/her teaching activities. A teacher must be aware of the students’ behaviour and understand the ways he should handle their challenges. He/she must understand different methodologies to use while delivering the subjects and different types of assessments, when to assess, how to, what questions to ask, and so on. Knowledge is often defined as a belief that is true and justified (Hunt, 2003). This researcher found that this can be measured by the methods that rely on the correctness of the answers one is providing in relation to the questions asked. When he has knowledge, he provides correct answers, as opposed to when he doesn’t, he provides incorrect answers.

In this research, pedagogical knowledge shall be tested by conducting a pre-test on issues and skills on pedagogy to selected Rwanda technical vocational education and training teaching staff some questions related to pedagogy to identify the extent to which they understand pedagogy and some related concepts. From there training shall be conducted before giving the trainees a post-test on the same issues for the assessment of the impact of this knowledge domain on teaching performance. This shall also help them to understand the challenges they face while planning and delivering their course subjects.

2.2.3 Content Knowledge (CK)

This refers to the amount and organization of knowledge per se in the mind of the teacher (Shulman, 1986). It is knowledge about the actual subject matter that is to be learned or taught (Mishra & Koehrer, 2006). There are many different subject matters. Each subject has its content. Teachers should clearly understand the content of the subject they are supposed to cover. They should also understand the level of the students they teach such that the content does not go beyond the capacity of those beneficiaries. Technical school tutors must possess technical knowledge and understanding of the subjects in their fields. Their teaching involves more practice than theory. They are supposed to understand the steps to reach a particular target. For instance, if a masonry tutor is teaching, he must know that a house starts with designing and budgeting. They have to be aware that construction activities begin with the building setting out, then, wall erection, ceiling, cement pavement, wall plastering, and so on. If they are supposed to teach all of these processes, they ought to possess each process content knowledge. 

2.2.4 Technological Pedagogical and Content Knowledge (TPACK) Theory

TPACK, which in full stands for Technological Pedagogical Content Knowledge, is a theory that was developed to explain the set of knowledge that teachers need to teach their students a subject, teach effectively, and use technology. The seminal piece on the TPACK model was written in 2006 by Punya Mishra and Matthew J. Koehler in “Technological Pedagogical Content Knowledge: A Framework for Teacher Knowledge.” They explain that their theory comes after five years of studying teachers at all different grade levels with design experiments to see how their classrooms operated (Mc Graw Hill Education, 2017).

This theory is an extension of Shulman’s (1986) theory known as PCK which stands for Pedagogical Content Knowledge. PCK represents the blending of content and pedagogy into an understanding of how particular aspects of subject matter are organized, adapted, and represented for instruction. He didn’t discuss about technology and its relationship to pedagogy and content. This is because when he introduced this theory, technology was not as complex issue as it is today. 

Shulman’s approach still holds true, what has changed since the 1980s is that technologies have come to the forefront of educational discourse primarily because of the availability of a range of new, primarily digital, technologies and requirements for learning how to apply them to teaching. These new technologies incorporate hardware and software such as computers, educational games, and the Internet and the myriad applications supported by it (Mishra & Koehrer, 2006).

Twenty years later, Mishra and Koehler saw that the biggest change happening in education is the use of technology in the classroom. They noticed that technological knowledge was treated as a set of knowledge outside of and unconnected to PCK. After five years of research, Mishra and Koehler created a new framework, TPACK, which adds technology to pedagogical content knowledge and emphasizes the connections, interactions, and constraints that teachers work with in all three of these knowledge areas (Mc Graw Hill Education, 2017).

Teachers will have to do more than simply learn to use currently available tools; they also will have to learn new techniques and skills as current technologies become obsolete. This is a very different context from earlier conceptualizations of teacher knowledge, in which technologies were standardized and relatively stable. The use of technology for pedagogy of specific subject matter could be expected to remain relatively static over time. Thus, teachers could focus on the variables related to content and pedagogy and be assured that technological contexts would not change too dramatically over their career as a teacher (Mishra & Koehrer, 2006).  

2.2.5 Technical and Vocational Education and Training (TVET)

Technical and vocational education and training (TVET) has been defined as combining   education, training and skills development relating them to a wide range of occupational fields, production, services and livelihoods (UNESCO-UNEVOC , February 2016) . This sector of education, as part of lifelong learning, can take place at any level from informal learning throughout secondary, post-secondary and tertiary levels and includes work-based learning and continuing training and professional development which may lead to qualifications. TVET also includes a wide range of skills development opportunities attuned to national and local contexts. Learning to learn, the development of literacy and numeracy skills, transversal skills and citizenship skills are integral components of TVET (UNESCO-UNEVOC, February 2016).

2.3 Teaching Learning Process

Teaching is defined as either an occupation or profession of a group of people known as teachers or an activity or activities to help an individual to learn or acquire some knowledge, skills, attitudes or interests (Monoranjan, Bharati & Jayasri, 2013). This definition shows that a teacher is a professional whose occupation is to help learners to benefit from the skills he/she has in terms of upgrading their level of knowledge, skills and behaviour. Therefore, the role of a teacher towards the learners’ achievement is primordial. This implies that learning cannot take place if there is no teaching. 

Learning has no universal definition since different authors have been defining it according to the context they wanted to direct it to. But the simple one that it has been given by most of them is any relatively permanent change in behaviour that is not the result of normal growth or maturation (Salkind & Rasmussen, 2008). The stated above change is all about the development of new skills, knowledge and attitudes towards a particular subject or matter. The change is not merely incidental or natural in the way that our appearance changes as we get older. 

Learning is a relatively permanent change, usually brought about intentionally. When we attend a course, search through a book, or read a discussion paper, we set out to learn (Sequeira, 2012)! We can also learn by experience. When you find yourself in a critical condition and you find a solution or you fail to find it but you identify the reasons for that situation, next time you will no longer let yourself or someone else fall into the same trap. For instance a girl gets pregnant because she liked luxurious assets and she realizes that the situation she is in was due to ornaments her boyfriend used to give her in order to deceive her and that resulted into sexual intercourse. That is the experience. 

In summary, learning is not a single thing; it may involve mastering abstract principles, understanding proofs, remembering factual information, acquiring methods, techniques and approaches, recognition, reasoning, debating ideas, or developing behaviour appropriate to specific situations; it is about change (Fry, Ketteridge & Marshall, 2009). Therefore, to ensure that one learned, you shall observe the new behaviour he will manifest over what he was taught or lived experience. A process is a series of actions which are carried out in order to achieve a particular result (Cobuild, 2006). Therefore, the teaching learning process involves all the carried out activities by the teacher and the learner to achieve educational goals. 

2.4 Learning and Cognitive Assessment Theories

In this discussion, the researcher focused on Behaviourism, Cognitivism and constructivism theories. The research shall emphasize on cognitive learning since the researcher’s study is all about cognitive learning and assessment.

2.4.1  Behaviourism   

Behaviourism is primarily concerned with observable and measurable aspects of human behaviour. In defining behaviour, behaviourist learning theories emphasize changes in behaviour that result from stimulus-response associations made by an individual (Molly & Brown, 2014). Behaviour is directed by stimuli. An individual selects one response instead of another because of prior conditioning and psychological drives existing at the moment of the action ( (Parkay & Hass, 2000). For instance, a father always gets home from work with a piece of bread in his bag. Arriving to home, he takes the piece of bread out of the bag and gives it to his son. But before handing it, he requests the son to wash the hands first. This is done once, twice, three times and becomes a habit.

At certain moment, the child will wash the hand even before the father request for that action. Even when the father will not bring the cake to home, the child will do the same exercise. Therefore this will be an automatic response to prior experience. Watson (1878-1958) and Skinner (1904-1990) are the two principal originators of behaviourist approaches to learning. Watson believed that human behaviour resulted from specific stimuli that elicited certain responses. Watson's basic premise was that conclusions about human development should be based on observation of overt behaviour rather than speculation about subconscious motives or latent cognitive processes (Shaffer, 2000). On the other hand, Skinner developed a more understandable model but complementing Watson’s findings. This is known as Operant Conditioning. His model was based on the premise that satisfying responses are conditioned, while unsatisfying ones are not conditioned. It is all about the rewarding of part of a desired behaviour or a random act that approaches it. He remarked that "the things we call pleasant have an energizing or strengthening effect on our behaviour" (Skinner, 2015)

According to the theory, all the behaviours can be unlearned and replaced by new behaviours. When one discovers that the behaviour he had is not acceptable by the surrounding world, he can replace it with the new one which is acceptable. It is just a matter or rewarding the acceptable response to a stimulus and punishing the unacceptable one. Assume that found his parents watching action movies and could always narrate the stories related to those movies to his mother and she is happy with the child’s stories and rewards this. After a particular moment the father discovers that the child watches wrong movies, instead of watching like English Club Broadcasts. 

He approaches his wife to discuss on what the child should watch from the television. They finally agree that the child will be watching cartoons and the English Club broadcasts and decide to reward him if he is able to explain what he saw in the above broadcasts. They will first explain him the reasons why the movies he is watching are not helpful for his better future and propose him the new channels to watch and narrate the related stories. Therefore, the child will start watching from the new channels and narrate them. He will finally automatically know when the emissions are broadcasted and often attend the television to follow the selected movies and emissions at the particular time. The previous behaviours will be forgotten. Under this theory, the two procedures/models (Classical and Operant Conditioning) have in common the fact that each presents the learner with an environmental event (a stimulus) that already elicits some behaviour

2.4.2 Cognitivism          

Cognitivism is a learning theory that involves the study of mental processes such as sensation, perception, attention, encoding and memory that behaviourists were reluctant to study, because cognition occurs inside the ‘black box’ of the brain. There are proofs that computers were made in accordance to cognitive theory. Be it the brain, be it a computer, they all function employing information processing, input, processing and output or result. Brain is like a computing device and can be compared to computer storage. figures 2.1 show the process of the theory above. 
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Figure 2.1: Cognitivism Theory Process

Source: Jordan, Carlile, & Stack, (2008)

The pioneer of this theory is Jean Piaget (1896-1980). In his work Piaget said that “cognitive development is a genesis of structures. Cognition develops by refining and developing mental structure.” (Tomic & Kingma, 1996). He (Piaget) identified the child’s four stages of mental growth. In the sensorimotor stage, occurring from birth to age 2, the child is concerned with gaining motor control and learning about physical objects. In the preoperational stage, from ages 2 to 7, the child is preoccupied with verbal skills. At this point the child can name objects and reason intuitively. In the concrete operational stage, from ages 7 to 12, the child begins to deal with abstract concepts such as numbers and relationships. Finally, in the formal operational stage, ages 12 to 15, the child begins to reason logically and systematically (Molly & Brown, 2014).

Therefore, this theorist argues teachers to design age-appropriate curricula and instructions considering age related characteristics. At the elementary level, it is not easy for students to think abstractly and systematically, consequently the concepts need to be more grounded in perceptual experiences; most inquiry steps might need to be teacher-initiated; more instruments, artifacts and tools are needed to maintain joint attention in collaboration. At the middle school and high school levels, more sophisticated scientific reasoning skills such as control of variable concepts can be emphasized in the science curriculum (International Baccalaureate Organization, 2012).

2.4.3 Constructivism    

Constructivism is a learning theory based on the notion that students actively construct knowledge (Salkind & Rasmussen, 2008). As much as the children interact with the community, they are constructing their knowledge. For instance, you will not imagine how it comes that kids learn languages spoken by the surrounding neighbours or the parents unless you understand this theory of constructivism. They begin with pronouncing words wrongly and finally make correct sentences. As they hear from their colleagues, they develop their language skills. Therefore, they progressively construct them language skills through the interaction with the environment. 

It is difficult to clearly differentiate Constructivism from cognitivism. This is because constructivism is a natural progression from cognitivism and both focus on cognitive processes. But whereas cognitivism focuses on how information is processed, constructivism focuses on what people do with information to develop knowledge. In particular, constructivism holds that people actively build knowledge and understanding by synthesizing the knowledge they already possess with new information (Jordan, Carlile, & Stack, 2008). So, before constructivism takes place, cognition will first develop baseline for further acquisition.

Several studies have been conducted upon the different learning theories and their impact upon knowledge acquisition. Researchers classified them based on three main approaches dealing with learning theories. These are behaviourism, cognitivism and constructivism. It is very difficult to differentiate one theory from another since some theories can apply in more than one class in different ways. For example; in some resources, Bruner’s theory of Discovery Learning is accepted to be cognitive rather than developmental. In some other resources, Bruner is mostly included in developmental or constructivist class. On the other hand, while Albert Bandura is mostly classified as behaviourist, Bandura himself opposes to behaviourism. This difficulty in classification is natural. Because it is impossible to make a statement independent of behaviourist approach while dealing with cognitive approach or to make a statement independent of cognitive approach while handling constructivist approach (Akdeniz, et al., 2016)

Therefore, the teaching staff should be familiar with these theories to raise awareness on how learning takes place such that they help learner to be effective in their learning. Lack of these skills will result into difficulties in understanding the learning process and helping students to learn according to their capacity and developmental stages. Even though the curricula are developed according to the developmental level of the beneficiaries, the implementers need to be familiar with concepts related to teaching and learning. They should also be conversant with courses objectives assessments. The following is to discuss on assessment of educational objectives through Bloom’s model and how it is helpful to teachers  

2.4.4 Cognitive Skills Assessment

Assessment and evaluation do mean the same thing in general terms but their meanings are differentiated in professional educational settings. Assessment is the process that the teacher conducts to measure how much a student has learned. It can be done at any time the teacher needs to measure that extent and decide for further improvement, in teaching methodology, conducting a remedial or in helping the individual learners. Assessment is a general term that is used to encompass everything a teacher does to ascertain  the level at which students have mastered the subject matter, can perform certain tasks, or exhibit certain behaviours. Assessment includes the collection, analysis, and interpretation of various kinds of information useful for educational decisions (Salkind & Rasmussen, 2008). To measure the learner’s achievements, the teacher should be taking into account the educational objectives in different domains but mainly in cognitive domain. There are three domains of educational objectives to be assessed: cognitive, psychomotor and affective, but in assessment and evaluation the cognitive domain is basically considered.

Cognitive domain includes all forms intellectual activities – all those behaviours that can be called thinking. It is further classified into sublevels/ categories which, according to Bloom, are arranged in a hierarchy from the simplest to the most complex.  “Bloom’s taxonomy contains six categories of cognitive skills ranging from lower-order skills that require less cognitive processing to higher-order skills that require deeper learning and a greater degree of cognitive processing (Adams, 2015). Therefore, this taxonomy has been considered as an original tool for assessment and evaluation.

Thus those categories are: knowledge which is related how much the learner has gained, comprehension that relates to understanding of materials learnt, application which is about the use of previously learned information in new and concrete situations to solve problems,  synthesis that may be viewed as the complement to, and opposite of, analysis,  analysis that involves higher order questions requiring students to think critically and in depth, and evaluation that requires learners to judge the merit of an idea, a solution to a problem, or an aesthetic work (KIE, 2010).

In this research, the study will be guided by Jean Piaget’s cognitivism and cognitive domain assessment combined with constructivism. This is because cognitivism process information and constructivism deals with developing the information already acquired by an individual. At all levels of education, these models are helpful in teaching, learning and assessment of Instructional objectives. The researcher always wonders the reasons why the country would employ people who do not have the skills demonstrated above. The research also will seek to address the challenges the unqualified teachers meet when they are delivering and assessing the students. 

The theories above did not specify whether they are applicable on some courses and not on others. Here the research focuses on technical vocational education training in Rwanda. This type of education implies much practice than theories but you cannot practice what you don’t understand. Bloom’s taxonomy may also be applied to technical courses since the technical education in Rwanda was introduced to solve Rwandans day to day life problems and to find effective and efficient way to sustainable development of the country. It is in that regard the research came up with an issue of pedagogical skills in this sector. Teachers have technical skills but most of them are not equipped with these skills which will enable them to be effective in teaching and assessment.

2.5 Empirical Literature Review

Some studies related to TPACK have been conducted and the findings are discussed below: 

2.5.1 Teachers Level of Technological Knowledge, Pedagogical Knowledge 
Content Knowledge (CK) and Technological Pedagogical Content Knowledge (TPACK) Teaching is a profession that needs a combination of TPACK package components. The following findings reveal what has been revealed by different studies on those components and on their combination. In a study conducted in Estonia by Piret (2015) the impact of in-service teachers’ training TK, it was found out that there was a difference between the pre-course and post-course surveys as revealed by the study mean scores. It was stated that in the post-course test teachers’ self-assessments were the highest in keeping up with important new technologies and frequently playing around with the technology.

Wendy (2017) conducted a survey in the United States of America Schools, and the findings revealed that participation in the workshop conducted to improve technology used resulted in a positive change in behaviour, improved technology self-efficacy, and increased ability to overcome obstacles and barriers associated with classroom technology integration among the research respondents. Piret (2015) study also revealed a remarkable growth in teachers’ TPACK after training. The post-course survey showed that teachers were confident about their ability to combine mathematics lessons with appropriate technologies and teaching methods and they say they can choose technologies that enhance the content for a lesson.

Piret and Wendy findings are very important in this research study since they assessed the changes that were aroused by TPACK training, similarly to this study intended to assess the impact of TPACK training in Rwanda TVET tutors.  Another study conducted by Postareff, Lindblom-Ylänne and Nevgi (2007) to assess The effect of pedagogical training on teaching in higher education indicated that more than half of the teachers felt that participation in the pedagogical training had made them more aware of their approach to teaching and of their teaching methods. These teachers further believed that their reflective skills had developed during the training. Ten teachers considered that they received theoretical knowledge, new ideas, advice as well as new viewpoints from participation in the pedagogical training. Nine teachers evaluated that their willingness to develop as teachers and their motivation to apply new teaching methods increased.  

In addition, a survey administered by Knolton (2014) to investigate the relationship that exists between (a) TPACK sub-domains, (b) pedagogical training, and (c) personal technology, the findings indicated that the group who rated themselves lower in PK, 86% of the group indicated that they had never attended or completed an educational technology course, compared to 65% of the group who rated themselves higher on the pedagogical scale and had attended or completed an educational technology course.

In a quasi-experimental study conducted by Iserbyt, Ward and Li (2015) to assess Effects of improved content knowledge on pedagogical content knowledge and student performance in physical education; a workshop on badminton game Content Knowledge was organized and the findings after training indicated that was substantively different before and after the workshop and that student performance was also significantly different. The researchers suggested that this happened because the teacher had a deeper understanding of badminton following the workshop.

To examine interrelation between Mathematical Content Knowledge (MCK) and Mathematical Pedagogical Content Knowledge (MPCK), a study was carried out by Müjgan and Selahattin (2017). It has been indicated that the inadequacy of teacher candidate’s MCK might negatively affect her/his MPCK application in the classroom. It was also noted that in cases where pre-service teachers’ MCK was good, but their MPCK was insufficient, the lessons were also ineffective. The researchers concluded that CK itself is not sufficient for effective teaching; teachers also need to have deep and wide peda​gogical content knowledge (PCK).

A survey that was conducted by Schmidt, et al (2009) sought to assess the teachers’ level of integration technology in pedagogy. The study was focusing on teachers’ self-assessment of the extent to which they use technology. The study concluded and recommended that teachers must have an intuitive understanding of the complex interplay between the three basic components of knowledge (CK, PK, TK) by teaching content using appropriate pedagogical methods and technologies.

In their study Schmidt, et al., (2009), the results upon the instrument they had designed to measure the pre-service teachers’ level of technology integration indicated that it was a promising instrument for measuring their self-assessment of the TPACK knowledge domains. They only designed the survey instrument for pre-service teachers but also in-service teachers should be evaluated using a similar or different instrument.  In a survey conducted on the level of TPACK of English Language instructors, by Naran (2016), the findings stated that the participants were much competent in Content Knowledge (CK) since their highest mean was about understanding the texts written in English. On the other hand, the lowest mean score was in Technological Pedagogical and Content Knowledge (TPACK) whereby participants did not think that they were highly competent in integrating technology into their content teaching with sound pedagogy. 

The above results demonstrated that teachers were competent in their subject content but it was quite hard for them to deliver it using technology. The study conducted by Bate and Maor (2010) proved that Pedagogical Knowledge (PK) takes precedence over other knowledge domains. Technological knowledge did not seem to be interesting and useful to early career teachers. They “hold a wide variation of beliefs, knowledge, perceptions of what ICT is, and how these can be harnessed in the classroom”

Even though it has been proved by the above findings, Training the in-service teachers, teacher educators, and pre-service teachers is of foremost importance for the right use of technology which can go with the content and pedagogy. Training a teacher in using ICT is more crucial than acquiring a large number of computers. Teachers have to be trained to facilitate the learning process which is real, achievable, exciting, and non threatening (Manchikanti, 2017). It is in this regard this research seeks first to assess the level of TPACK of tutors in Rwanda, second, train them and finally evaluate the impact of this training. 
Teaching is a multifaceted profession, which requires the integration of different knowledge domains. To enhance the quality of the integration of technology into our teaching, a broader conceptualisation of the use of the technology is needed and, in particular, to enable an authentic context for teachers and students to learn about educational technology (Maor & Roberts, 2014). “Technological Pedagogical Content Knowledge (TPACK) is a conceptual framework for teachers to teach effectively using technology. This framework originates from the opinion that use of technology in educational context would be effective only if content, pedagogy and technology are aligned carefully” (Manchikanti, 2017)

2.5.2    Technological Pedagogical and Content Knowledge in African Countries

In African countries, as in other countries, TPACK model is being adopted in instructional planning and implementation to catch up with developed countries whereby this model can easily be in use due to availability of resources. The results of the findings from a study conducted by Tolera and Ziyn (2017) revealed that pedagogical skills training had an effect on teaching skills in using lesson planning, active learning, and continuous assessment and classroom management among Ethiopian teachers. After training, the majority of the trainees changed their mind to create various instructional strategies, identified optional way of instruction, and working with students through instruction. 

As an impact, the instructors were moving from traditional approach to teaching to relatively acceptable modern ways of instruction. In a the research conducted in South Africa by Verona et al (2013), on South African Mathematics teachers’ dataset of the Second Information Technology in Education Study, the results proved that 39% of the research participants were not aware that they had skills to incorporate ICT in their usual teaching methods, whereas 61% reported that they did not know the situation in which and when they would incorporate ICT and new teaching methods. 

It has also been observed that an ideal teacher is able to integrate knowledge of technology, mathematics, content and pedagogy...., knows in which teaching and learning situations ICT use is suitable and has a positive effect on their learners’ knowledge and skills (Verona, Blignaut, Nieuwoudt, Els & Suria, 2013). Above 70% of teachers with TPACK agreed that they observed impact on their students’ knowledge, skills and attitude. Only 19% of them reported that there was no impact. On the other hand, less than 10% indicated that there was a decrease in their students’ knowledge, skills and affect. In the South Africa International Conference on Education, held in South Africa from 19 to 21 September 2016, at Manhattan Hotel Pretoria, it was argued that TPACK framework should be adopted to enhance the ICT use by teachers (Batiibwe & Bakkabulindi, 2016). 

Classroom management is one of the factors influencing effective teaching and students’ performance. The findings of the research conducted by Department of Educational Technology, University of Botswana on the Effective Classroom Management and the Use of TPACK proved that: The use of instructional materials make learners to appreciate the topic and the learners can apply the lesson taught to real life situation….., effective classroom management can best be achieved through the use of instructional media (Olatoye, Nleya, & Batane, 2013). 
This study also proved that the teachers who do not use instructional media make the learners passive to participate in classroom activities. The investigation carried out by Osafo (2016) found out that among the Contributing Factors to Pre-service Mathematics Teachers’ e-readiness for ICT Integration in Ghana; Technological Pedagogical Content Knowledge (TPACK) had a considerably high positive weight. The findings revealed that Technological Pedagogical Content Knowledge is the most important factor for determining the e-readiness of pre-service mathematics teachers and it contributes 42.1% to the total variance in pre-service mathematics teachers’ perceived readiness. These findings confirm Koehler and Mishra’s (2006, 2009) theory of Technological Pedagogical Content Knowledge which indicates that TPACK is the basis of effective teaching with technology.

In addition, the survey conducted to investigate the extent to which teachers’ learning of Technological Pedagogical Content Knowledge (TPACK) has an impact on their classroom practices in Tanzania, researchers evaluated the difference between pre and post intervention results and found out that there was a teachers’ perceived ability of using technology in teaching, improved as a result of the intervention. Classroom observation conducted also confirmed teachers’ perceived impact of technology in their teaching as a result of TPACK development (Kafyulilo, Fisser & Voogt, 2012). 

After having attended six lessons, students at Kibasila secondary school were given the opportunity to share their experiences with the technology-enhanced lessons through a questionnaire and most of them perceived computer as interesting and useful in the learning of difficult science concepts. They also reported that through the use of technology, they were more involved in the learning process than when they learned without the use of technology. Therefore, the use of technology encouraged shifting from teacher-centred approach to learner –centred approach.

In another study conducted by Kafyulilo, Fisser & Voogt (2013) to assess the effect of support on the teachers’ collaboration in design teams to develop Technological Pedagogical Content Knowledge (TPACK) in Chang’ombe and Jitegemee secondary schools, Tanzania, teachers were given four support options during their professional development program: collaboration guidelines, online learning materials, exemplary lessons and human support (an expert). When asked about the impact of each support on their collaboration and learning of technology integration, the majority of the participants from both schools indicated high level of agreement towards the expert. 
However, it has been reported that the two schools differed on the second best support; while Chang’ombe showed that exemplary lessons were the second best, Jitegemee showed that online learning materials were the best next to the expert. In the second design, teachers from Chang’ombe indicated high level of agreement with exemplary lessons, while teachers from Jitegemee showed high level of agreement towards the expert.

In another study conducted on Tanzania Primary schools Environmental Education teachers by Kiwonde (2018), it has been found out that it was not easy for 74% of interviewed teachers to teach using ICT facilities and amongst the reasons there was ineffective ICT training. Training in this field would boost their performance. It is clear that ICT is a big challenge for them to improve their teaching activities preparation and implementation. A 100% of the respondents in this study, who attended ICT training, revealed that trainings were not effectively covered especially on practical parts and pedagogical issues. This was a major challenge that the teachers faced with regard to the mentioned ICT trainings. Therefore, enough time to cover the content was needed for them to be equipped with effective knowledge and skills in instructional media choice. 

2.5.3  Technological Pedagogical and Content Knowledge in Rwanda

Rwanda is country which is fast growing in terms of economy through different sectors. Education has become a key to the country development. Different efforts have been deployed to enhance the quality of education in Rwanda. Technology is at the heart of most of instructional policies implementation. Technical education is emerging since 2009. Even though all these efforts are being made, it is quite hard to find available research related to TPACK in general, and no many baselines for researchers who want to conduct studies on TPACK in Technical vocational Education (TVET) in this country. It is in this regard that the researcher reviewed the few available articles on integration of ICT in teaching.

A study conducted to correlate Information Communication Technology with public primary schools’ efficiency in Rwanda, a survey carried out in Nyagatare District, came out with results showing that ICT in primary schools is poorly used. It has also proved that there is a significant relationship between the use of ICT and primary schools efficiency in Nyagatare District (Munyengabe, He, & Zhao, 2018). The results showed that Information Communication Technology (ICT) integration in teaching and learning is important Rwandan primary schools. 
Basing on the above research findings, researchers recommended that effective use of ICT tools in teaching and learning processes in primary schools is needed, promotion of the One Laptop Per Child Programme in all primary schools would help learners become familiar with ICT use and finally, teachers need to advance their technological knowledge of computers and other technological tools related to teaching and learning processes. They also argued the government of Rwanda to allocate ICT equipment equally in all schools and generate funds specifically for promoting the ICT use at the primary schools’ level.

On the other hand, a survey was conducted on teachers’ perceptions on ICT integration for enhancing Teaching and Learning through the Implementation of One Laptop Per Child Program in Primary Schools of Rwanda. The findings showed that Teachers’ perceptions on ICT show their interest to integrate ICT into teaching and learning processes…. Teachers also are aware that ICT will help learners to do their self-coaching and that teachers can use technology to illustrate and demonstrate new content (Munyengabe, Zhao, He, & Hitimana, 2017). Due to lack of adequate skills to use ICT in teaching and learning process, lack of adequate technological equipment, infrastructure, teachers’ motivation, teachers are facing challenges hindering them to effectively and efficiently deliver their subjects. 

The studies conducted in Rwanda, African countries as well as globally proved that technology is a key factor to schools internal and external efficiencies. As depicted in the above literature review, TPACK has been proved important to effectiveness in teaching. Some studies showed that there were positive changes in their performance after attending training on TPACK. In Rwanda, it seems there are no enough research studies conducted to find out the relevance of TPACK domains towards the tutors’ performance in general, TVET tutors, particularly. It is in this regard, the research sought to assess the impact of training on Technological, Pedagogical and Content Knowledge on performance of TVET tutors in Rwanda. 
2.5.4 Technical Vocational Education and Training (TVET)

In many countries, prestige and status continue to be attached to university education, and young people (and their parents) seek career paths in the so-called professional occupations, even though in many countries there are few employment opportunities in the profession for which they wish to train. Technical and vocational education and training (TVET) is often regarded as inferior, or as a second choice after professional education, regardless of the student’s interests (indeed passions) or abilities. Many people therefore dismiss promising and meaningful career paths in areas where employment demand is greater, simply because of the stigma attached to technical and vocational occupations (Borgen & Hiebert, 2002).

Japan, Korea and Singapore are the best examples of the VET system being well established. In these three countries, the VET system has contributed significantly in the process of economic development. The system of vocational and technical education in South Asia is thus characterized by low enrolment, high drop-outs, poor-quality of teachers, and inequitable access for women and rural populations, limited private sector involvement (Ramswarup, 2013). Here in this context, the poor quality of teachers means that they do not have enough skills to train the students in that field. Apart from the other factors affecting the countries’ economic development, the quality of teachers should not be regarded as insignificant since they play a big role in knowledge acquisition and assessment. They must be qualified in both the material to be learned and knowing how to successfully deliver them (pedagogical skills). 

2.5.5 Training of Technical Vocational Education and Training (TVET) Trainers in Some African Countries

Here the author discusses on some randomly picked examples of countries in Africa where Technical Education and Training is offered. Nigeria and Ghana were chosen for African countries in general, Kenya, Tanzania for the East African Community and Rwanda, specifically, where the research was conducted. 

2.5.5.1 Technical Vocational Education and Training in Nigeria

In Nigeria, there is the Nigeria Certificate in Education (NCE) Technical Programme which is a three-year post-secondary education aimed at providing technical teachers with the intellectual and professional background adequate for teaching technical subjects and making them adaptable to any situation in technological development (Japo, December 2013). In this country, Technical Education is offered in five different departments namely Automobile, Building, Electrical/Electronics, Metalwork and Woodwork Technology. Graduates from those departments are appointed to teach in either the Nigerian junior secondary schools or junior technical colleges as introductory technology. 

Basing on the statement above, in Nigeria, the teaching staff knows how learning takes place. They acquire the technical skills plus the pedagogical skills. They understand that students learn as individuals not groups. They are aware of different methodologies to be used when teaching. They understand that assessment is not done randomly. It has the taxonomy model to follow referring to the level of questions to be asked. Therefore, they are qualified for teaching in those technical schools. 

2.5.5.2 Challenges of Technical Vocational Education and Training in Ghana 

In Ghana, Integrated Community Centre for Employable Skills (ICCES) is an agency under the Ministry of Employment and Social Welfare with policy objective of filling the gap in employment generation by developing the young human resources in line with the poverty alleviation goal of the government of Ghana (Pongo, Effah, Osei-Owusu, Obinnim, & Kwame, 2014). In the above country, the Technical Education and Training is offered throughout the above programme. The researchers found out that before the establishment of ICCES the economic situation was bad, but it was good after its establishment at the research period. Apart from these solutions to these challenges encountered before, there are other challenges that have been found out by other researches.

Among the challenges that have been found out in this field, there are: technical and vocational institutions in Ghana are inadequate considering the number of Junior High School graduates in the system. This has resulted in large class size in the few existing Technical and Vocational Institutions. The large class sizes do not match with the supply and provision of training resources. This does not allow the instructor to attract and sustain the attention of all students during demonstration lessons. Also, the infrastructure and training facilities of the institutions are in deplorable state resulting in outdated training content. Their paper recommended Ministry of Education and other stakeholders in charge of Technical and Vocational Education and Training to formulate policies that will make TVET meet international standard so that graduates of TVET also meet the demands of international labour market (Agbeyewornu & Kassah, 2015).

The above research findings did not identify the impact of pedagogical knowledge to effective teaching, learning and students performance. They just found out a small number of graduates and a large class size, scarce of resources and infrastructure as the challenges of TVET in the country. On the other hand, these should not be the only determinants of economic development. 
Even though in their recommendations they suggested the formulation of the policies that would make graduates to meet the demands of the labour market, but they did not emphasize on the relevancy of trainers with required skills. They did not depict the importance of the pedagogical skills as well as the role of experience in teaching and learning process. Therefore, there is a gap in the above findings. For this time, the research shall focus on the challenges of lack of those skills and give a room to other researchers to analyse the role of experience in courses delivering in Technical Vocational Education and Training.

2.5.5.3 Technical Vocational Education and Training in Kenya

 Education and training in Kenya are governed by the Education Act (1968) which gives policy guidelines on the establishment and development of institutions, their management and administration, development of curricula, and teacher education (UNESCO-UNEVOC International Centre for Technical and Vocational Education and Training, November 2013). This reports states that TVET in Kenya is considered as the engine for socio-economic and technological transformation.  TVET Teachers in this country are professionally trained in two different ways as follows: Trainees are recruited after secondary cycle of education and put through an integrated curriculum featuring subject-specific and pedagogical courses, followed by a practical period in the industry before a student is certified as a diploma or degree holding TVET teacher; and Trainees initially obtain subject-focused specialisation and work experience in the industry before undertaking pedagogical training to become a TVET teacher.

In order to solve a problem of insufficient number of teaching staff in Kenyan TVET, they also recruit qualified technicians from industries to join a one year teacher training program before entering in the services.  Untrained technical teachers with appropriate skills may also join the programme for pedagogical training. Due to the difficulties associated with attracting qualified individuals for technical training, the government offers various incentives to the trainees. 

Even though TVET in Kenya is organized in terms of teaching, there are other findings showing that there are challenges to meet the country’s vision 2030. Amongst them there are: the adequacy of training facilities, relevance of facilities, relevance of curriculum and the trainers’ level of qualifications (Sang, Muthaa, & Mbugua, February 2012). Therefore, the technical teacher training is important when other factors are taken into account to the efficiency and effectiveness of technicians training.

2.5.5.4 Technical Vocational Education and Training in the United Republic of Tanzania 

 In Tanzania, there is a project that was initiated by the African Development Fund, Human and Social Development Department (OSHD) entitled “support to technical vocational education and training and teacher education” designed within the context of the national human resource development priorities and in support of the development of skills in the country. In the needs assessment conducted, the Government of Tanzania identified shortage of skilled labour as one of the major constraints to becoming a middle income country by 2025 as stipulated in the Vision 2025. To achieve this goal and transition to a middle income country requires the proportion of the high skilled working population to quadruple and that of medium skilled force to more than double. 

This would mean adding about 3 million high skilled and 7 million medium skilled workers by 2025. The project would assist in bridging this skills gap and support the country to improve the quality of its human capital critical for inclusive growth and poverty reduction. It is in this regard the project, in its sub-component 1.2 would support the building of capacity for strengthening Technical Education and Training (TET) to meet market and social demands for inclusive economic growth. 

The sub-component would provide resources for training of technical teachers in Competency Based Education and Training (CBET) curriculum, and development of teaching manuals for CBET curriculum delivery and tools for assessment (African Development Fund, 2014). Apart from in-service training in Tanzania, there are teacher training institutions like the Morogoro Vocational Instructors Training College (MVTTC). This college is under the administration of the Vocational Education and Training Authority (VETA). It is responsible for training Vocational Education Training (VET) teachers and trainers. It offers two programmes; the Vocational Teachers Certificate Course (VTCC) and the Diploma in Vocational Education and Training (DVoET). VTCC aims to develop TVET teachers’ pedagogical and management skills and help them develop relevant competencies whereas DVoET aims to enhance existing pedagogical and managerial skills of TVET teachers (UNESCO-UNEVOC International Centre for Technical and Vocational Education and Training, February 2016). 

Basing on the statement above, TVET trainers in the United Republic of Tanzania are equipped with relevant skills to enable them deliver the technical courses effectively and in an efficient manner. There are schools in charge of training the TET trainers and programmes designed to train those who joined teaching without pedagogical knowledge. This is done to enhance the teaching and learning for external efficiency. This will lead Tanzania to the middle income country by 2025.

2.5.5.4 Technical Vocational Education and Training in Rwanda

There are not many researches that studied the issues concerning Technical Education in Rwanda. Even few of them published showed some challenges in this field of training, but the pedagogical knowledge was not much demonstrated as a threat to effective teaching, learning and assessment. Some of them as discussed in a report that was published by Tumba College of Technology are the following: 

i. The urgent challenge is therefore to bridge the demand for jobs with the actual needs of society. 

ii. Politically, governments cannot afford not to invest in the skills of future generations. The Image and Status of TVET has consistently faced problems as it is perceived by some as second-class. These difficulties must be met with a renewed effort to raise the public perception of TVET. 

iii. Promotion of TVET for Girls and Women, this is essentially an issue of access to TVET and, once girls and women enter TVET institutions, how they are received and accommodated. 

iv. Attracting more female instructors and administrators into TVET is a
major challenge in the future. 

v. TVET Facilities and Equipment: There is a major problem associated with high cost of construction, equipment, maintenance and the provision of consumable training materials. 

vi. TVET Curriculum Reform and Development effect on labour market. 

vii. One salient trend is the growing convergence between TVET and academic curricula, resulting from technological change. 

viii. Teaching and Learning: As TVET becomes increasingly more knowledge oriented; the role of the teachers and instructors must change from the didactic imparting of skills and knowledge to the facilitation of learning. Learners-centred. TVET Planning: In most cases where TVET programs fail, appropriate and relevant parties are not involved at the planning stage. 

ix. Corruption: Most people restrict corruption to financial embezzlement. The worst aspect of it is related to policies that obscure TVET related programs which are capable of empowering the society with skills and competencies that could lead to standalones (Ayuba & Gatabazi, 2008).   

In fact, there should be more researches regarding Technical Vocational Education and Training in Rwanda. This field has been regarded as a field concerning rural population, but nowadays the situation has changed and needs researchers to find solutions to several issues arising day per day. In this chapter, a number of the following issues were discussed: Definitions of operational terms like Technological Knowledge (TK), Pedagogical Knowledge (PK), and Content Knowledge (CK). The chapter also discussed the teaching/learning process, behaviourism, cognitivism and constructivism as the Learning Theories, plus assessment of cognitive skills. Furthermore, Technological Pedagogical and Content Knowledge (TPACK) Theory and Technical Vocational Education and Training (TVET) were discussed.

In addition, the literature also reviewed training of TVET trainers in some African countries like Nigeria, Ghana, Kenya, The United Republic of Tanzania and Rwanda. The discussions indicated that Technical Education and Training is offered in the above stated countries and there are policies, regulations and strategies set for its proper implementation. The countries’ leadership understands that TVET is an engine for their economic growth. Some of them such as Nigeria, Kenya and Tanzania have established institutions in charge of training TVET trainers, but others have the concept in their policies which are not yet/at all implemented.   

2.6 Conceptual Framework

A conceptual framework is defined as a structure which the researcher considers to best explain the natural progression of the study being carried out. It is the researcher’s explanation of how the research problem would be explored. It describes the relationship between the main concepts of a study (Adom, Emad, & Joe, 2018). As a domain within the TPACK framework, technological pedagogical content knowledge refers to the knowledge required by instructors for integrating technology into their teaching in any content area (Knolton, 2014). 

Rwanda TVET tutors lack its full package to be effective in their performance. In this study, the conceptual framework as modified from Agodini, Dynarski, Honey & Levin (2003) showing the relationship between mastery of subject of specialization and TPACK training leading to appropriate choice of pedagogical approaches and a fitting instructional media to use during subjects delivery. This will result into the effectiveness of the training that will bring a measured impact (outcome) on Rwanda TVET tutors performance, through researcher observation and post-test survey. (Figure 2.2) below was used as a conceptual framework to assess the Assessment of the Effectiveness of Technological, Pedagogical And Content Knowledge on Performance of TVET Tutors in Rwanda. 
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Figure 2.2: A Conceptual Framework linking TPACK training to Rwanda TVET Tutors Performance

From figure 2.2 conceptual framework diagram, the teaching performance in Rwanda TVET Sector is dependent variables whereas the integration of TPACK model is the independent variable. That is, TVET tutors performance is influenced by the integration of the model as a result of TPACK training. It is in regards that, while assessing the impact of integrating Technological, Pedagogical and Content Knowledge it has been proved that training of in-service tutors is of paramount importance. Furthermore, as shown by the Figure 2.2, there are also other intervening variables, within this relationship between TPACK training and teaching performance in Rwanda TVET sector, that may influence the TVET tutors performance such as TVET Tutors experience, prior pedagogical knowledge, motivation, teaching Facilities, and class size. 

2.7 Chapter Summary and Gap Identification

The literature review for this particular study dealt with different issues related to Technological, Pedagogical and Content Knowledge. The definitions of operational terms and theoretical perspectives have been discussed. Under this section, Technological Content; Pedagogical Content; Content Knowledge and Technological, Pedagogical and Content Knowledge have been analysed. Other related theories have been discussed. It is in this regard that teaching learning process, learning and cognitive assessment theories and cognitive skills assessment have been discussed. 
The empirical literature has also been reviewed. For this purpose, teachers’ level of technological, Pedagogical and Content Knowledge model and its related findings have been portrayed from global to local perspectives. It has been proved that the integration of technology in teaching is very important. Findings at different levels have revealed that teachers who are equipped with TPACK perform better than those who are not. Thet studies (Piret: 2015; Wend: 2017; Knolton: 2014; Iserbyt, Ward and Li: 2015) showed that TPACK training has a remarkable impact on teachers’ confidence and performance improvement. 

On the other hand, there are research gaps on the same issue in Rwanda context. Firstly, all the findings available to the researcher were just dealing with the use of ICT in schools and focusing on the importance of the implementation of One Laptop per Child. Therefore, TPACK model has not been investigated in this country, Rwanda. Secondly, no specific studies have been conducted in Rwanda to investigate the impact of TPACK in Technical Vocational Education and Training (TVET) institutions. These are the gaps the research sought to fill in and establish the baseline for further research studies. 

CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter deals with the research paradigm, research design, research population, sample size, sampling techniques, research instruments, and data collection procedures as well as data analysis. To determine the level of Technological Pedagogical and Content Knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges, the pre-test was conducted. This was done in January 2019, followed by the training that took place in June 2019. In December 2019 a post-test was conducted for the same purpose, to the same respondents i.e. the treatment and control groups. 
3.2  Research Paradigm 

This research was conducted under positivism worldview. The positivism paradigm is grounded on experimental research. In its pure form, the scientific method, involves a process of experimentation that is used to explore observations and answer questions (Kivunja & Kuyini, 2017). It is used to search for cause and effect relationships in nature. It is chosen as the preferred worldview for research, which tries to interpret observations in terms of facts or measurable entities. Therefore, the researcher focused on this paradigm to investigate the impact of TPACK training on the performance of TVET tutors in Rwanda. 
3.3 Research Design

The research used the experimental design. The Experimental design was chosen to determine whether the acquisition of Technological Pedagogical and Content Knowledge (TPACK) can influence the teaching and assessment in TVET in Rwanda IPRCs. The researcher sought to compare the pre-test results and the post-test ones amongst the teaching staff in IPRCs. The study sought to identify the changes that would be brought by the training session after assessing the level of TPACK of TVET Tutors in Rwanda. 
A simple module on awareness on issues and skills on teaching technology, pedagogy and subject content has been developed, a pre-test was given to a selected sample of both treatment and control groups, who were considered to be representative of Rwanda Technical Vocational Education and Training Institutions’ trainers from different IPRCs; to establish their current knowledge levels in all aspects of technology, pedagogy and content. Afterwards, Tutors were divided into two sample groups; one group to be trained and the other to be a control group. Next, the training was conducted to the treatment group. After the training, tutors were given a four months period to go and practice what they had acquired in the training. Afterwards, a post-test was given to both groups (treatment and control) to determine the performance level after training and practice. The mean scores of the two groups pre-test and post test performance levels was compared to find the impact of TPACK (independent variable) on the tutors’ performance (dependent variable).   
3.4 Target Population

The research was conducted in Rwanda, and the target population was made of 8 Integrated Polytechnic Regional Colleges, which are affiliated to Rwanda Polytechnic. The accessible population was 481 teaching staff members from Rwanda Polytechnic Higher Learning Institution (RP), four (4) different Integrated Polytechnic Regional Colleges (IPRCs). The researcher decided to choose TVET institutions because there is no single institution that was established to train their tutors in terms of technology integration in teaching and pedagogy integration in their activities planning and implementation. 
3.5 Sample Design

3.5.1 Sample Size

The sample size was determined by Slovin’s Formula as the population size is definite. That formula is given and explained as follows:

                 N

 n=       1+Na2

  Where:

a= level of significance or reliability level (equals to 0.05)

N: Population size

n: sample size.

The teaching staff sample size will be:             481
         = 218 and 

                                                                      1+481*(0.05)2

Thus, the sample size drawn from the target population of 481 is 218 teaching staff members. 
3.5.2 Sampling Techniques 
In Rwanda, There are 8 Integrated Polytechnic Regional Colleges (IPRCs) which are under Rwanda Polytechnic Higher Learning Institution (RP). We used the non-probability sampling technique whereby the purposive sampling was used. Purposive sampling refers to the selection of sample on the basis of informed judgment that the group is likely to be representative. Four (4) IPRCs were selected as a sample of TVET Institutions. This is because these institutions offer technical training at all levels of Rwanda TVET Qualification Framework (RTQF). This sample represented the TVET institutions around the country- Rwanda.
The purposive sampling technique used the following inclusion criteria to qualify them in this: for the teacher/trainer-respondents (1) teaching at any level of RTQF in any subject; (2) from the selected institutions under the study; (3) not having received any previous training related to one of TPACK. The teacher/trainer-respondents were chosen in simple random sampling from the teaching staff.

3.6 Data Collection Method
3.6.1 Data Collection Instruments
The study was conducted using questionnaires for pre- and post-tests, a training module and an observation tool. The questionnaires were containing close-ended questions to determine the effect of Technology, Pedagogy and Content Knowledge upon the tutors’ performance. To not deviate from the research objectives, and to avoid other extraneous variables (respondents’ interactions with other people) that may interfere with the findings, respondents were requested to respond immediately after receiving the questionnaires and respond in person not as a group. 
Between the pre-test and the post-test, there was a use of the training module that enhanced their awareness on the issues related to TPACK and the training facilitated for the post-test. This post-test was conducted four (4) months after the training. The researcher designed an observation tool that was used to check if the research objectives were met this observation checklist was used three (3) months after the training. It was a one month assessment. Attitude scale method was used on the questionnaires. This is a method called Likert Method of summated ratings. It consists of collecting a number of statements about a subject, and assigning a five-scale value to each of the responses:
3.6.2  Administration of Data Collection Instruments

The questionnaires were used to measure the TPACK level of TVET tutors and the observation checklist used to assess whether or not the research participants were meeting the expectations after training. The following data collection procedures were implemented: before the distribution of the pre-test questionnaires, an introductory letter was secured from the Management of the Open University of Tanzania to be addressed to the authorities of Rwanda Polytechnic under which the research was conducted for authorization to conduct it.

 After the approval, the researcher identified the training sites and hired research assistants who helped in conducting the pre-test, training and post-test. Respondents were then communicated about the site, the tests and training dates. On the first day, the pre-test was conducted. Therefore questionnaires were distributed for responding and resubmitted for coding. One month later, the training was conducted for a two days period. Questionnaires for pre-test were distributed to 218 respondents; and 192 (88%) of them were returned, coded and analysed.  By distribution, 91/91 questionnaires were from IPRC Kigali, 37/42 from IPRC Gishari, 30/49 from IPRC Ngoma and 34/36 from IPRC Musanze. 
The returned questionnaires were enough to make general conclusion on the research questions. After pre-test results, respondents were divided into two groups; a treatment and a control group. The treatment group was made of 99 respondents while the control group was of 93. Training was organized and conducted for the treatment group. After training, the treatment group was given a period of practice and observation for the researcher. After four months, post-test questionnaires were distributed to both treatment and control group.  

The Questionnaires for the post-test were also distributed to 192 respondents comprising both treatment and control group; but 179 of them (93.2%) were returned and analysed.  59/62 treatment group and 26/29 control group questionnaires were from IPRC Kigali, 36/37 control group from IPRC Gishari, 28/30 also control group from IPRC Ngoma and 30/34 treatment group from IPRC Musanze. The returned treatment group questionnaires were 89/99 while 90/93 questionnaires from the control group were returned. The missing questionnaires were represented by 00 indicating that the questions were not answered. The returned questionnaires were enough to make general conclusion on the research questions. 
During the distribution of the pre and post-test questionnaires, we requested the respondents to sign the informed consent and fill out the questionnaires without leaving any part of it unanswered, to avoid personal biases to influence in determining their level of knowledge. The retrieved questionnaires were checked to see if they were completely filled in. After the distribution of questionnaires, the data collected was organized, analyzed and interpreted.

3.7 Validity and Reliability of Research Instruments
Validity: This means that the research methods and instruments produced information relevant to the topic. In order to measure the validity of the data collected the researcher used questionnaires that were developed by the owners of TPACK model (Mishra and Koehrer) and tested them to a sample of respondents to confirm the content validity, the criterion related to the validity and the construct validity. Pre-test, post-test questionnaires and observation checklist were containing the same information. No loopholes that may lead to inaccuracy of the answers were detected. The guiding principle was Saunders’ statement that “The questions must be understood by the respondent in the way intended by the researcher and the answers given by the respondent must be understood by the researcher in the way intended by the respondent” (Saunders, Philip, & Thornhill, 2007) 
Reliability: Reliability is a measure of how consistent the results from a test are. Reliability is qualified if you administer a test to a subject twice and get the same score on the second administration as on the first. For the reliability of the research instruments, a pilot study was done before conducting the pre-test survey. The instruments produced similar responses over a several number of presentations and therefore the data collected was compared with the data from other sources like surveys conducted by other researchers in TPACK. The responses to each question were correlated with those to the other questions to measure consistency.
3.8 Research Data Analysis Plan
To determine the profile of the respondents, frequency and percentage distribution were used. To analyse the data relating to the level of technological knowledge, pedagogical knowledge, Content Knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges and relate the levels of Technological, Pedagogical and Content Knowledge with teaching performance of the teaching staff in the Integrated Polytechnic Regional Colleges, Independent samples t-Test were performed to compare pre-test and post-test scores mean. For the more accurate statistics, SPSS software served in data analysis.
3.9 Ethical Issues 
This study considered three areas of ethical consideration: voluntary participation,
confidentiality, and anonymity. To ensure that ethics is practiced in this study as well as utmost confidentiality for the respondents and the data provided by them, the following was done: coding all the questionnaires for anonymity, requesting all the respondents to sign the informed consent, acknowledgement of authors cited in the study and the presentation of the findings in a generalized manner.

CHAPTER FOUR

FINDINGS

4.1 Introduction

This chapter presents the research findings. Pre-test and post-test results have been demonstrated in the same tables with reference to the research objectives, questionnaires and general observation checklist. The research objectives were to:  (1) Establish the effect of technological knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance; (2) Analyse the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges; (3) Establish the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges.

Moreover, objective (4) was to analyse the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges. “Teachers must have an intuitive understanding of the complex interplay between the three basic components of knowledge (CK, PK, TK) by teaching content using appropriate pedagogical methods and technologies (Schmidt, et al., 2009). The following are the findings: 
4.2 Presentation of the Findings
The findings for this research study are presented in terms of frequency average percentages on hand and descriptive statistics stating the results in terms of mean and standard deviation on the other hand. All the variables statistics were computed in regards to Likert scale to measure the respondents’ attitudes towards their level of knowledge in its different domains. Those are: Technological Knowledge (TK), Content Knowledge (CK), Pedagogical Knowledge (PK), Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK) and Technological Pedagogical Content Knowledge.

The scales in tables were represented by numbers that are meant for: 

1: Strongly disagree

2: Disagree

3: Neither agree nor disagree

4: Agree

5: Strongly Agree

The Independent Samples t Test were used to compare the means of pre-test and post-test in both treatment and control groups in order to determine whether there was statistical evidence that the associated population means were significantly different. The null hypothesis (H0) and alternative hypothesis (H1) of the Independent Samples t Test were expressed in the following way:

H0: µ1 = µ2 ("Pre-test and post-test results are not significantly different")

H1: µ1 ≠ µ2 ("Pre-test and post-test results are significantly different ")

If p is less than our chosen significance level α = 0.05, we can reject the null hypothesis, and conclude that the mean score between pre-test and post-test results is statistically significantly different. If p is greater than our chosen significance level α = 0.05, we fail to reject the null hypothesis, and fail to conclude that the mean score between pre-test and post-test results is statistically significantly different.

For each knowledge type, a number of statements were given to the research respondents, and the following are the findings: 
4.2.1 The Effect of Technological Knowledge (TK) of the IPRCs Teaching Staff on teaching Performance
The research study sought to assess the level of Technological Knowledge of the academic staff in Integrated Polytechnic Regional Colleges before and after training. A number of similar questions were asked to establish that level and the mean scores findings compared in the Table 4.1
Table 4.1: The Effect of TK of the Teaching Staff in IPRCs on Teaching Performance
	Respondent Group
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference

	
	
	
	
	
	
	

	Treatment Group
	Mean.TK
	Equal variances assumed
	3.089
	.080
	1.400
	196
	.163
	.20000

	
	
	Equal variances not assumed
	
	
	1.400
	160.193
	.163
	.20000

	Control Group
	Mean.TK
	Equal variances assumed
	7.113
	.008
	2.856
	184
	.005
	.41183

	
	
	Equal variances not assumed
	
	
	2.856
	146.833
	.005
	.41183


Source: Primary Data from Respondents (developed in 2019)

The independent samples t-test output in Table 4.1 for the Treatment group showed that the t-Test for Equality of Means p-value displayed was 0.163; which means that the mean score between pre-test and post-test results was not statistically significantly different. On the other hand, the Control group p-value displayed was 0.005; which means the mean score between pre-test and post-test results was statistically significantly different. 
4.2.2 The Effect of Content Knowledge (CK) on Teaching Performance of the IPRCs Teaching Staff  
In order to find out the extent to which tutors in IPRCs are equipped with Content Knowledge in their area of specialization, close ended questions were asked to establish the respondents’ perception on their level and the results findings presented in terms of independent samples t-test in the Table 4.2.
Table 4.2: The Effect of CK of the Teaching Staff in IPRCs on Teaching Performance
	Respondent Group
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference

	
	
	
	
	
	
	

	Treatment Group
	Mean.CK
	Equal variances assumed
	7.039
	.009
	1.201
	196
	.231
	.15404

	
	
	Equal variances not assumed
	
	
	1.201
	127.457
	.232
	.15404

	Control Group
	Mean.CK
	Equal variances assumed
	5.881
	.016
	2.529
	184
	.012
	.32392

	
	
	Equal variances not assumed
	
	
	2.529
	126.332
	.013
	.32392


Source: Primary Data from Respondents (developed in 2019)

The independent samples t-test output in Table 4.2 for the Treatment group showed that the t-Test for Equality of Means p-value displayed was 0.232; which means that the mean score between pre-test and post-test results was not statistically significantly different. The Control group p-value displayed was 0.013. This also means that the mean score between pre-test and post-test results was not statistically significantly different. 

4.2.3 The Effect of Pedagogical Knowledge (PK) on Teaching Performance of the IPRCs Tutors 
The research study sought to examine the perception of the respondents on their Pedagogical Knowledge level before and after training and the responses were statistically presented in the Table 4.3 in terms of independent samples t-test results as follows: 

Table 4.3: The Effect of PK of the Teaching Staff in IPRCs on Teaching Performance
	Respondent Group
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference

	Treatment Group
	Mean.PK
	Equal variances assumed
	16.493
	.000
	-6.421
	196
	.000
	-1.11616

	
	
	Equal variances not assumed
	
	
	-6.421
	194.670
	.000
	-1.11616

	Control Group
	Mean.PK
	Equal variances assumed
	.000
	.997
	2.880
	184
	.004
	.51478

	
	
	Equal variances not assumed
	
	
	2.880
	182.691
	.004
	.51478


Source: Primary Data from Respondents (developed in 2019)

The independent samples t-test output in Table 4.3 for the Treatment group showed that the t-Test for Equality of Means p-value displayed was 0.001; which means that the mean score between pre-test and post-test results was statistically significantly different. On the other hand, the Control group p-value displayed was 0.004; which means the mean score between pre-test and post-test results is statistically significantly different.  

4.2.4 The Level of Technological Pedagogical and Content Knowledge (TPACK) of the IPRCs Tutors
The research study sought to assess the level of Technological Pedagogical and Content Knowledge on IPRC teaching staff before and after undertaking training. The Table 4.4 shows the respondents’ perception about the statements leading to discovering their ability in combining the above required teaching practice knowledge. The findings were presented in terms of independent samples t-test results.

Table 4.4: The Effect of TPACK of the Teaching Staff in IPRCs on Teaching Performance
	Respondent Group
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference

	
	
	
	
	
	
	

	Treatment Group
	Mean.TPACK
	Equal variances assumed
	1.800
	.181
	-7.835
	196
	.000
	-1.67340

	
	
	Equal variances not assumed
	
	
	-7.835
	195.804
	.000
	-1.67340

	Control Group
	Mean.TPACK
	Equal variances assumed
	7.167
	.008
	.525
	184
	.600
	.12186

	
	
	Equal variances not assumed
	
	
	.525
	179.838
	.600
	.12186


Source: Primary Data from Respondents (developed in 2019)

The independent samples t-test output in Table 4.4 for the Treatment group revealed that the t-Test for Equality of Means p-value displayed was 0.001; which means that the mean score between pre-test and post-test results was statistically significantly different. On the other hand, the Control group p-value displayed was 0.600; which means the mean score between pre-test and post-test results was not statistically significantly different.  

4.3 Presentation of the Observation Findings on the Performance of TVET Tutors in Rwanda IPRCS after Training

Before the post-test, an observation period of four months followed the training period. 67 respondents were observed during their performance, be it in training preparations or delivery activities. The observed respondents were in the treatment group. A set of observation statements was prepared as a checklist and used to confirm the outcomes. The findings for this observation period were presented in terms means and standard deviation. All the variable statistics were computed in regards to a checklist for each category of knowledge to measure the respondents’ level of performance at each category. Those categories are: Technological Knowledge (TK), Content Knowledge (CK), Pedagogical Knowledge (PK), Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK) and Technological Pedagogical Content Knowledge. The observation checked if the respondent performance was:

1: Not observed

2: Unacceptable

3: Needed improvement

4: Meeting expectations

5: Exceeding expectations

Table 4.5: Observed Means for Rwanda IPRCs Tutors’ Performance
	Respondent Group
	N
	Minimum
	Maximum
	Mean

	Treatment group
	MeanTK
	67
	3.50
	4.10
	3.7388

	
	MeanCK
	67
	3.38
	4.25
	3.7743

	
	MeanPK
	67
	3.63
	4.13
	3.8582

	
	MeanPCK
	67
	3.60
	4.00
	3.7940

	
	MeanTCK
	67
	3.71
	4.14
	3.8891

	
	MeanTPK
	67
	3.38
	4.00
	3.8097

	
	MeanTPACK
	67
	3.50
	3.83
	3.6343

	
	Valid N (listwise)
	67
	
	
	


Source: Primary Data from Respondents (developed in 2019)

To ensure that respondents were meeting the expectations, the researcher fixed the cut off point at 3.6. Basing on the findings in Table 4.5, the observation findings revealed that the lowest mean score was 3.6343 (TPACK) and the highest was 3.8891 (TCK). As the observation aimed at checking the Tutors’ performance after training, the above scores show that the respondents were meeting the expectations in their performance. They were highly equipped with Technological Content Knowledge.  

4.4 Conclusion 

This chapter presented the findings basing on the study objectives. It dealt with introduction, and presentation of findings, where by the effect of Technological Knowledge (TK) of the IPRCs teaching staff on teaching performance, the effect of Content Knowledge (CK) on teaching performance of the IPRCs teaching staff, the impact of Pedagogical Knowledge (PK) on teaching performance of the IPRCs tutors, and the level of Technological Pedagogical and Content Knowledge (TPACK) of the IPRCs tutors have been described. It also presented the observation findings on the performance of TVET tutors in Rwanda IPRCS after training.    
CHAPTER FIVE

ANALYSIS AND DISCUSSION OF RESEARCH FINDINGS

5.1 Introduction

This chapter presents the analysis and discussion of results of the research findings. The analysis and discussion intend to depict the relationship between the training that had been conducted and the IPRCs tutors’ performance. The analysis is based on the level of knowledge of the research respondents before the training and after. In this case, as described in chapter four, the independent samples T-Tests were taken into account for analysis and discussion. The research study analysis considered 95% as a Confidence Interval of the difference; i.e a=0.05.  
The discussions also included the observation findings. The independent samples t-test outputs for both treatment and control groups have been analyzed and the results were observed: Levene’s test checked if the variances of pre-test and post-test were or were not equal. Thus, we looked at the top row of the output tables where it was greater than 0.05 and considered the bottom output row where it was less than 0.05. The following is the researcher view of the findings. 

5.2 The Teaching Staff in the Rwanda Integrated Polytechnic Regional Colleges are Equipped with Technological Knowledge

As presented in Table 4.1, the value of the t-Test for Equality of Means t statistic was 1.4000, and its corresponding p-value displayed was 0.163. This means that the mean score between pre-test and post-test results is not significantly different. On the other hand, the value of the t statistic was 2.856, and its corresponding p-value displayed was 0.005. This does not mean that it could be concluded that there was a significant difference in both control group pre-test and post-test results findings.  This means that no changes occurred in both treatment and control group after TPACK training. 

This complies with the TPACK theorists’ statement revealing that technologies have come to the forefront of educational discourse primarily because of the availability of a range of new, primarily digital, technologies and requirements for learning how to apply them to teaching. These new technologies incorporate hardware and software such as: computers, educational games, and the Internet and the myriad applications supported by it (Mishra & Koehrer, 2006). 

The above findings also proved constructivist theory stating that constructivism is a learning theory based on the notion that students actively construct knowledge (Salkind & Rasmussen, 2008). As much as the children interact with the community, they are constructing their knowledge. The respondents, when checking on their educational background, were trained in TVET schools mostly in Rwanda. They were trained to serve in industries. They used, at school, to manipulate technological tools and equipment. This made them conversant with different technological materials. Their intention was not being able to use these materials in teaching, but in their daily activities.  

Even though the respondents revealed that they are equipped by required Technological Knowledge, some challenges were discovered on their ability to solve their own technical problems. For this statement, before training 8.9% of the respondents strongly disagreed with the statement; 18.6% disagreed and 14.6% of them were undecided. The post-test findings revealed that 8.9% of the respondents strongly disagreed with the statement, 18.4% disagreed and 14.0% of them were undecided. Even though the tutors proved to be equipped with Technological Knowledge, the majority of them accepted that they cannot solve their own technical problems. This means that if their technological tools and equipment are damaged or encounter a technical problem and there in no option to replace them or no immediate support, they will stop from teaching or use traditional teaching for some of them who may have such experience.  

The above challenges have also been identified by other researchers (Amy, Jacovina, Russell, & Soto, 2016) who have conducted studies on integration of technology in teaching. Although teachers generally appreciate the benefits of educational technologies, they often find smooth and effective integration of new educational technologies challenging. From acquisition of new technology equipment to adaptation of curricula and teaching techniques to incorporate new educational tools, technology integration presents significant challenges to educators at each level of school systems. Therefore, it is very important to hire technical support staff to assist those who may not be familiar with some technological tools and equipment or may face technical problems for them not to interrupt teaching activities. 
Apart from hiring technical supports, training should be conducted to teaching staff to gain some basic skills in solving the technical problems that may arise during teaching/learning exercises. There are some minor challenges that may not require the technical support to be present in classroom. For instance a teacher may need to connect his laptop to a projector. His/her laptop requires him/her to first go to settings and connect manually to the projector. This would not require external assistance. (S)he may handle it on his/her own.   

Basing on the above Treatment group results, whereby it was stated that there was no significant difference between the treatment group respondents pre-test and post-test mean scores; and referring to the scores (4.1495 and 3.9495 for pre-test and post-test respectively), it was concluded that the treatment group of TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges were equipped with enough Technological Knowledge (TK) both before and after training. This was confirmed by the observation findings whereby this group was found to be equipped with TK at a mean score of 3.7388≤4 equivalent to “the research population meets the expectations”.  

Basing also on the above control group results, whereby it was stated that there was a significant difference between the group respondents pre-test and post-test; and referring to their mean scores (4.1527 and 3.7409 for pre-test and post-test respectively with mean difference of +0.41183), and it could not be concluded that the control group of TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges were not equipped with enough Technological Knowledge (TK) both before and after training. The mean difference between the two tests may have been big due to the respondents who had showed that they were able to use their technological knowledge at a high level and did not respond to post-test questions. 
The conclusion may be drawn from both means rounded. They will all fall into four which agree with research questions to investigate the ability of the respondents to use and manipulate technological tools and equipment.  Generally the mean scores rounded were 4 for both Treatment and Control Groups; pre-test and post-test. This implies that there was no significant difference in respondents mean scores before and after training. Therefore, Rwanda TVET tutors were equipped with enough Technological, Knowledge before and after training. 

The above findings are compromising Piret, (2015) and Wendy, (2017) findings since his findings had revealed that there was a significant growth in teachers’ TK after training. This may be due to the fact that TVET schools are Technology-oriented while general schools focus on general knowledge.  General education provides knowledge and skills in different domains other than Technical Domain. You may find Schools and Universities providing theoretical technical education like training engineers that require forming engineering project designers but who cannot put into practice what they design. On the other hand, TVET institutions train technicians who must manipulate technological tools. This may be a reason why this study findings revealed that there was no significant difference between pre-test and post-test results.  

5.3 The Pedagogical Knowledge of the Teaching Staff in Rwanda IPRCs should be Improved to Enhance their Teaching Performance 

Data from pre-test and post test revealed that TVET trainers in Rwanda were not highly equipped with Pedagogical Knowledge before training since pre-test results showed that approximately 47% (results revealed by frequency tables) of them are the respondents who strongly disagreed, disagreed or were neutral with the statements testing their PK level. Only about 53% agreed and strongly agreed with the statements. After training, the post-test results revealed that 74.9% of the respondents were equipped with pedagogical knowledge. The percentages increased from24.8% to 41.9% of the respondents who agreed with the statements made and from 28.4% to 32.9% who strongly agreed. This shows that there has been a difference between pre-test and post-test TVET tutors’ performance.

Comparing the means for respondent groups, the overall mean for the treatment group is 2.82 and 3.71 for the control group in pre-test. On the other hand, the overall mean for the treatment group is 3.94 and 3.19 for the control group in the post-test. This shows that before training, the control group was strong and treatment group was equipped with little knowledge and this was increased by training. On the other hand, the control group was not trained and their mean score decreased due to some respondents who had participated in pre-test but did not will to respond again to research questions. Table 4.3 indicates the results for the independent samples t-test that compared pre-test and post-test means to find out if there was a significant difference between them. 
In that regard, the reasons for the above findings can be justified by the other research studies that have proved that “knowledge and skills in how to teach is also a must. Effective teachers understand and are able to apply strategies to help students increase achievement” (Maivaji, 2014). Mastering the subjects to be taught is not enough, but teachers, to be effective, should understand how learning takes place and be able to use different methods to teach and technologies to use such that students perform well as individuals. This research study also sought to investigate the difference in performance levels between the respondents who received a pedagogical training (treatment group) and those who did not (control group). 

The independent t-test output in Table 4.3 for the treatment group exposed that the value of the t-Test for Equality of Means t statistic was -6.421, and its corresponding p-value displayed was 0.001. This means that the mean scores between pre-test and post-test results are significantly different. On the other hand, Control group value of the t statistic was 2.880, and its corresponding p-value displayed was 0.004. This means that it could be concluded that difference between control group pre-test and post-test was not much significant in the results findings. Therefore, the null hypothesis should not be accepted or rejected.  

Referring to the Treatment group results, whereby it was stated that the mean scores between pre-test and post-test results are significantly different; and basing on their mean scores (2.8283 and 3.9444 for pre-test and post-test respectively), it was concluded that TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges improved their Pedagogical Knowledge (PK) after training. This was also confirmed by the observation findings whereby this group was found to be equipped with PK at a mean score of 3.8582≤4 equivalent to checklist statement saying that “the research population meets the expectations”.  

Also referring to the Control group results in the same Table 4.3, whereby it was stated that it could be concluded that the difference between the control group pre-test and post-test was not much significant in the results findings even though the null hypothesis should not be accepted or rejected; and referring to their mean scores (3.7124 and 3.1976 for pre-test and post-test respectively with mean difference of +.51478), and it could be concluded that the control group was equipped with little Pedagogical Knowledge (TK) before and after training. The mean scores are not satisfactory and they lead to a conclusion that this group’s Pedagogical Knowledge level was low before and after training.  

Generally, the mean scores rounded were 4 for the Treatment and ≥3 for the Control Groups; pre-test and post-test. This implies that there was a significant difference in respondents mean scores before and after training in the Treatment group and no significant difference in the Control group mean scores. Therefore, evaluating the results, trained Rwanda TVET tutors were equipped with enough Pedagogical Knowledge after training but untrained ones were not able to appropriately perform their delivery activities since most of them were lacking pedagogical knowledge.
The above findings can be confirmed by other research studies like the one that was conducted by (Postareff, Sarii & Nevg, 2007). This found out that “A training group of teachers and their students were studied at the beginning of teachers’ training, and 1 year later. The training group became less teacher-centred and more student-centred by the end of the 4–18 months training. In addition, their teaching skills improved significantly after the training as judged by students” (Postareff, Sarii & Nevg, 2007). 
Teaching is a very important and dynamic profession. It requires practitioners to update their methodologies as the world is developing fast. Teachers, trainers and tutors should get trained to be equipped with relevant knowledge that would enhance their teaching activities. Studies have also demonstrated that teachers have a strategic contribution in determining student successes. The combination of early cognitive abilities and effectiveness of teachers will affect 65% of the success of students and if supported by the quality of learning then the interaction will benefit for 90%. In this case, teachers also influence student achievement. In addition, it is not deniable that to produce students who are ready to compete in modern world, they must be educated by teachers who have adequate capacity and competence in accordance with future needs…. Therefore, teachers need to improve their knowledge and skills to improve and explore their teaching practices (Ningtiyas & Jailani, 2018).

These findings are confirming Tolera and Ziyn (2017) and Postareff, Lindblom-Ylänne and Nevgi (2007) studies that indicated that pedagogical skills training had an effect on teachers’ teaching skills. Training conducted to them has changed their mind to create various instructional strategies and working with students through instruction. Therefore, instructors decided to move from traditional approach to teaching to relatively acceptable modern ways of instruction. 

Most of TVET trainers in Rwanda Polytechnic/Integrated Polytechnic Regional Colleges were not trained to train. They were trained to serve in companies. It is not easy for trainers, who are not aware of how learning takes place and which methodologies and tools to use, to be effective. They need boosting their skills with an ingredient that would make their teaching enjoyable. Students are motivated by teachers who can adapt the teaching activities to their learning styles. Therefore, pedagogical training would be highly needed for this purpose.

5.4 The Teaching Staff in the Rwanda Integrated Polytechnic Regional Colleges are Equipped with Content knowledge

Even though many research studies have proved that knowledge and skills in how to teach is necessary; it should be important to tutors/trainers to be equipped with enough Content Knowledge before any other type of knowledge before performing teaching activities. This research study also sought to investigate the difference in performance levels between the respondents who were trained (treatment group) and those who were not (control group). It should be noted that fully implementing the training module was also important in Content Knowledge implementation. 
In this context, pre-test and post test were conducted and the findings in Table 4.2 have revealed that TVET trainers in Rwanda were highly equipped with Content Knowledge before and after training since pre-test as well as post-test results showed that 85.3% and 89.8% of the respondents agreed and strongly agreed with the statements testing their CK level.

Comparing the means for respondent groups, the overall mean for the treatment group was 4.2235 and 4.2433 for the control group in pre-test; while the overall mean for the treatment group was 4.0694 and 3.9194 for the control group in the post-test. All of the above means turn around four (rounded). This shows that both treatment and control groups results proved that respondents were highly equipped with Content Knowledge before and after training. Table 4.2 indicates the results for the independent samples t-test that compared pre-test and post-test means to find out if there was a significant difference between them. 

The independent samples t-test output in Table 4.2 revealed that the value of the t-Test for Equality of Means t statistic was 1.201, and its corresponding p-value displayed was 0.232. This means that the mean scores between pre-test and post-test results were not significantly different. On the other hand, the value of the t statistic was 2.529, and its corresponding p-value displayed was 0.013. This does not mean that it could be concluded that there was a significant difference in both control group pre-test and post-test results findings. The mean score difference was considered for this case to portray the equality between the pre-test and post-test results. 
Basing on the above Treatment group results, whereby it was stated that there was no significant difference between the treatment group respondents pre-test and post-test mean; and referring to their mean scores (4.2235 and 4.0694for pre-test and post-test respectively), it was concluded that TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges were equipped with enough Content Knowledge (CK) both before and after training. This was confirmed by the observation findings whereby this group was found to be equipped with CK at a mean score of 3.7743≤4 equivalent to “the research population meets the expectations” in Likert scale statements.  

Basing also on the above Control group results, whereby it was stated that we failed to accept that there was no significant difference between the control group pre-test and post-test mean scores but could not also state that there was a significant difference between the scores due to reference made to their mean scores (4.2433 and 3.9194 for pre-test and post-test respectively with mean difference of .32392), it was concluded that TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges were equipped with enough Content Knowledge (CK) both before and after training. Even though the group was not trained, we failed to accept that there was no difference between pre-test and post-test. The pre-test mean was higher than the post-test mean. This could not surprise since some of the respondents who had participated in pre-test did not participate in post-test. 

Generally the mean scores rounded were 4 for both Treatment and Control Groups; pre-test and post-test. This implies that there was no significant difference in respondents mean scores before and after training. Therefore, Rwanda TVET tutors were equipped with enough Content Knowledge before and after training. The results above showed that tutors in IPRCs are recruited on content knowledge basis.  Reference is made to the above results analysis; it is clear that trainers in Rwanda TVET institutions are equipped with adequate content knowledge. This would be a very important baseline for them to become effective teachers. 
The need for pedagogical knowledge training is of more importance to build the teaching staff capacity in those institutions. There is no single school established to offer a degree or certificate in technical education. That is why the findings depicted the quality image of content knowledge in them and a poor one in pedagogical knowledge.  As discussed in the literature review, the above findings are in line with Iserbyt, Ward and Li (2015) and Müjgan and Selahattin (2017) studies results stating that positive changes in PK lead to higher teaching performance. A poor CK results into poor teaching performance.   

 Technological Pedagogical and Content Knowledge (TPACK) Training should be Conducted to the Teaching Staff in IPRCs

The data collected in pre-test and post test revealed that TVET trainers in Rwanda were not highly equipped with Technological Pedagogical and Content Knowledge before training since pre-test results showed that 61% of the respondents strongly disagreed, disagreed or were neutral with the statements testing their TPACK level. Only about 39% agreed and/or strongly agreed with the statements. After training, the post-test results revealed that 70.9% of the respondents were equipped with Technological Pedagogical and Content Knowledge. 
The percentages increased from 17.8% to 18.3% of the respondents who agreed with the statements made and from 21.2% to 52.6% who strongly agreed. This shows that there has been a difference between the TVET tutors performance pre-test and post-test results. The above results confirm Manchikanti’s (2017) findings stating that Technological Pedagogical Content Knowledge (TPACK) is a conceptual framework for teachers to teach effectively using technology. This framework originates from the opinion that use of technology in educational context would be effective only if content; pedagogy and technology are aligned carefully. 
Mastering the subjects to be taught is not enough, but teachers, to be effective, should understand how learning takes place and be able to use different methods to teach and technologies to use such that students perform well as individuals. This research study also sought to investigate the difference in performance levels between the respondents who received training (treatment group) and those who did not (control group). Comparing the means for respondent groups, the overall mean score for the treatment group was 2.2879 and 3.1577for the control group in pre-test. On the other hand, the overall mean score for the treatment group was 3.9613and 3.0358 for the control group in the post-test. This shows that before training, the control group was a little stronger and treatment group was equipped with little TPACK. 
After training the level of TPACK for the treatment group increased. Even though the used sampling technique as simple random, it has been discovered that the majority in the control group were the teaching staffs who were teaching cross-cutting modules like mathematics, languages, research methodology and entrepreneurship. Most of them hold a pedagogical background. They attended the Higher Learning Institutions that offer Bachelors in Education like the former Kigali Institute of Education (currently known as University of Rwanda/College of Education). The post-test control group results revealed that their mean score decreased due to some respondents who had participated in pre-test but did not will to respond again to research questions after training. 

The independent samples t-test output in Table 4.4 showed that the value of the t-Test for Equality of Means t statistic was -7.835, and its corresponding p-value displayed was 0.001. This means that the mean scores between pre-test and post-test results are significantly different. On the other hand, the value of the t statistic was 0.525, and its corresponding p-value displayed was 0.600. This means that there was no significant difference between the mean scores of control group pre-test and post-test results.  

Referring to the above Treatment group results, whereby it was stated that the mean scores between pre-test and post-test results are significantly different; and referring to their mean scores (2.2879 and 3.9613 for pre-test and post-test respectively), it was concluded that TVET Tutors in Rwanda Integrated Polytechnic Regional Colleges improved their Technological Pedagogical and Content Knowledge (TPACK) after training. This was also confirmed by the observation findings whereby this group was found to be equipped with TPACK at a mean score of 3.6343≤4 equivalent to the checklist statement saying that “the research population meets the expectations”.  

Referring also to the above control group results, whereby it was stated that there was no significant difference between the mean scores of control group pre-test and post-test; and referring to their mean scores (3.1577  and 3.0358 for pre-test and post-test respectively with mean difference of +0.12186), and it could be concluded that the control group was not equipped with enough Technological Pedagogical and Content Knowledge (TPACK) both before and after training. The mean scores are not satisfactory and they lead to a conclusion that this group’s Technological Pedagogical and Content Knowledge level was low before and after training. 

The pre-test findings confirm Verona, et al. (2013) study where the results proved that 39% of the research participants were not aware that they had skills to incorporate ICT in their usual teaching methods, whereas 61% reported that they didn’t know the situation in which and when they would incorporate ICT and new teaching methods.  On the other hand, post-test findings confirm that an improved TPACK leads to a better tutor’s performance. This was stated by Verona, Blignaut, Nieuwoudt and Els (2013) referring to their findings where above 70% of teachers with TPACK agreed that they had observed impact on their students’ knowledge, skills and attitude. Only 19% of them have reported that there was no impact. On the other hand, less than 10% indicated that there was a decrease in their students’ knowledge, skills and affect.
TPACK is a full package for any trainer who is willing to join academic area since it would arouse in him/her the interest to understand his/her students’ capacity in learning. Therefore he/she will be able to teach and assess them as individuals not as a whole. “Teachers must have an intuitive understanding of the complex interplay between the three basic components of knowledge (CK, PK, TK) by teaching content using appropriate pedagogical methods and technologies (Schmidt, et al., 2009). No professional teacher/tutor would miss any type of knowledge and confirm that he/she is effective in teaching/learning process. The gap would create imbalance in all activities related to teaching performance from preparation to delivery. 

CHAPTER SIX

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Introduction 

6.2 Summary

This study entitled “Impact of integrating Technological, Pedagogical and Content Knowledge on teaching performance in Rwanda TVET Sector: A Case of Integrated Polytechnic Regional Colleges” was conducted in Rwanda Polytechnic; Integrated Polytechnic Regional Colleges. It was guided by the following four objectives, namely: 

i. Identify the effect of technological knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance

ii. Analyse the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges

iii. Identify the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges.

iv. Analyse the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges.

The study used experimental design to determine whether the acquisition of Technological Pedagogical and Content Knowledge (TPACK) has been proven to influence the teaching performance in TVET in Rwanda IPRCs. It was conducted in four phases. Those are: (1) pre-test, (2) training sessions for treatment group, (3) observation period and (4) post-test. The sample population was taken from four IPRCs and the sampling techniques used were probability sampling with purposive sampling. 
The research respondent targeted were 218 but 192 responded and returned the questionnaire in the pre-test. The Post-test was conducted to all those 192 respondents who returned the questionnaire but only 179 questionnaires were returned. The research questionnaire was made of close-ended statements that would be reacted upon using Likert scale. The same statements were brought in observation period to check if the respondents were meeting the training expectations. Statistics Package for Social Sciences (SPSS) software was used to calculate the respondents mean scores and compare pre-test and post-test mean scores using Independent samples t-Test.

The findings came out with the following results considering the research objectives:

To identify the effect of technological knowledge of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance, the findings proved that tutors in IPRCs are equipped with TK. This was concluded referring to the results that showed there was no significant difference between pre-test and post-test results for both treatment and control groups. The only challenge identified was that even though the tutors proved to be equipped with Technological Knowledge, the majority of them accepted that they cannot solve their own technical problems. This means that if their technological tools and equipment are damaged or encounter a technical problem and there in no option to replace them or no immediate support, they will stop from teaching or use traditional teaching for some of them who may have such experience.
To analyse the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges, the findings revealed that Rwanda TVET tutors were not equipped with pedagogical knowledge before training and improved it after training. Those who were not trained remained with the little knowledge they had. This was witnessed by the results showing that only 53% of the respondents were equipped with PK before training. In the end, the figures increased and it was found out that 74.9% of trained respondents were equipped with PK after training. As the aim was to assess the difference between pre-test and post-test results, it was concluded that there was a significant difference in respondents mean scores before and after training in the Treatment group and no significant difference in the Control group mean scores.

In addition, to identify the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges, the findings proved that tutors in IPRCs are equipped with TK. This was concluded referring to the results that showed there was no significant difference between pre-test and post-test results for both treatment and control groups. Pre-test and post test findings in Table 4.2 showed that 85.3% and 89.8% of the respondents agreed and strongly agreed with the statements testing their CK level. The comparison of the pre and post test mean scores revealed that there were no significant differences for both treatment and control group. 

Finally, to analyse the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges, the findings revealed that Rwanda TVET tutors were not equipped with Technological Pedagogical and Content Knowledge before training and improved it after training. Those who were not trained remained with the little knowledge they had. This was proved by the results showing that only 39% of the respondents were equipped with TPACK but after training, 70.9% of them were equipped. This is an increase of around 31%. To assess the difference between pre-test and post-test results, it was concluded that there was a significant difference in respondents mean scores before and after training in the Treatment group and no significant difference in the Control group mean scores.

6.3 Summary of Study Findings 

6.4 Conclusions

This study has proved that effective integration of technology and pedagogy in Technical Vocational Education and Training will improve the tutors training delivery in Rwanda. Generally the results showed that before training, the research respondents were equipped with a little pedagogical knowledge. They also have a very low TPACK. This means that even though they were equipped with Technological and Content knowledge, little knowledge of Pedagogy caused imbalance in training delivery, and therefore they could not train properly. After training, the results revealed that there was a remarkable improvement in training activities for the treatment group and no significant improvement was shown by the control group.

Referring to the research findings; objective one sought to identify the effect of technological knowledge of TVET tutors in the Rwanda Integrated Polytechnic Regional Colleges on teaching performance and the results revealed that the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges are equipped with Technological knowledge. The only challenge revealed by respondents is inability to solve their own technical problems. This may result into stopping class activities if encountered with such challenges in delivering sessions. 

On the other hand, the findings of objective two that aimed at analysing the effect of pedagogical knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges confirmed that The Pedagogical Knowledge of the Teaching Staff in Rwanda IPRCs should be improved through training sessions to enhance their Teaching Performance. The TPACK training results revealed that there has been a difference between pre-test and post-test TVET tutors’ performance for the treatment group whereas the results in the same Table 4.2 showed that before training, the control group was equipped with a high level of PK compared to the treatment group before TPACK training. After the training, the treatment group was at the highest level compared to the control group PK level. 

Referring to objective three results whereby the study sought to identify the effect of Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges proved that the teaching staffs in the Rwanda Integrated Polytechnic Regional Colleges is equipped with Content knowledge. The study results revealed that there has been no difference in mean scores between treatment or the control groups TVET tutors’ performance pre-test and post-test.

Finally, the study objective four that was intended to analyse the effect of combined Technological Pedagogical and Content Knowledge on the teaching performance of the teaching staff in the Rwanda Integrated Polytechnic Regional Colleges revealed that Technological Pedagogical and Content Knowledge (TPACK) training should be conducted to the Teaching Staff in IPRCs to improve and enhance their performance. The TPACK training results revealed that there has been a difference between pre-test and post-test TVET tutors’ performance for the treatment group whereas the results in the same Table 4.4 showed that before training, the control group was equipped with a low level of TPACK and this remained stagnant while the treatment group level increased after training.

On top of the above results, the researcher administered observation sessions to the treatment group. As the observation aimed at checking the Tutors’ performance after TPACK training, the results showed that the respondents were meeting the expectations in their performance. To ensure that respondents were meeting the expectations, the researcher fixed the cut off point at 3.6. The lowest mean score was 3.6343 (TPACK) and the highest was 3.8891 (TCK). Therefore, research respondents were meeting the expectations in all TPACK framework domains.

Therefore, being equipped with Technological Knowledge and Content Knowledge is a good baseline for them to enhance their teaching strategies. They only need to be coached on how to combine the knowledge they have to be effective. It is just being trained on how learning takes place and how to choose technological tools appropriate to the types of students they have in their classes. Students will benefit from the new teaching strategies. The quality of output will improve and the external efficiency will be appreciated at the labour market. 
6.5 Recommendations

Basing on the results revealed above and conclusions drawn from the study research objectives, it was portrayed that TVET Tutors in Rwanda are equipped with Technological Knowledge and Content Knowledge; whereas they need training sessions to improve their PK and TPACK. The following are recommended to improve the Rwanda TVET tutors’ performance:

6.5.1 Recommendations for Action
Even though it has been revealed by objective one that Rwanda TVET tutors are equipped with Technological Knowledge, it has also been found out that the majority cannot handle their technical problems. We would therefore recommend the government to incorporate Information Technology tools maintenance courses in training the pre- and in-service staff. Basing on the second and forth research objectives whereby the respondents showed that they are not equipped with PK and TPACK respectively, the government should establish a pre-service institute dedicated to training trainers who would teach in Technical and Vocational Education and Training schools at all Rwanda Education Qualification Framework levels. This institute would serve in producing qualified trainers equipped with required skills to effectively train TVET students. 

Those in-service teaching staff should be offered Technological and Pedagogical Training to enhance their teaching activities preparation and implementation.  The technological training should focus on maintenance troubleshooting and repair of IT equipment. This would stop hiring employees who would provide ineffective and inefficient output in the institutions’ graduates’ production. These staff should be also trained on solving some small technical problems that they may face during their teaching session preparation and implementation.
Due to the fact that there are no institutions dedicated to training TVET trainers in Rwanda and this results into poor performance of those in service, private sector in Rwanda should invest in establishing training and consultancy companies that would upgrade the tutors’ level of TPACK. Those companies would provide training sessions to TVET tutors willing to acquire skills related to teaching/learning process. They would also assess the tutors’ ability to teach integrating technology and pedagogy in their activities preparation and implementation.
Even though there is no TPACK training institutions, the personnel willing to join academic staff would train himself about how learning takes place and teaching strategies and some frequently used technological instructional media maintenance and repair. Recruitment process should consider TPACK model during assessment of candidates’ capacity in teaching. This would remove the imbalance in knowledge and teaching performance. It would also increase the graduates thirst in attending training sessions related to Educational Technology instructions.
TPACK has been introduced due to PCK (Pedagogical Content Knowledge) was missing an integral part to meet the current situation of education requirements. The world is evolving so fast and teaching is responding to the societal needs. TPACK was established to integrate Technology in Teaching. Different study works hove found out that Technology is very important in today’s teaching performance. This study has proved that TVET sector in Rwanda needs more Pedagogical skills than Technological Knowledge. This is because Technical Education and Training is all about technology. The training staffs are equipped with both Technological knowledge, but they lack skills related to how learning takes place. 
They need to understand different learning theories such that they may choose which one to adopt in their teaching activities. Therefore, there is a need for in-service TPACK training in general, and Pedagogical training in particular. There is also a need for institutions responsible for training pre-service TVET trainee-trainers. This will fill in the gap of lack of qualified trainers at Rwanda Polytechnic/IPRCs.   
6.5.2 Recommendations for Further Studies 
It has been found out that there is a shortage of studies related to TPACK in Rwanda, hence researchers should fill in this research gap. Similar studies to this should be conducted in schools to assess and determine the gap in teaching activities and its impact on the quality of education for advocacy purpose. This would allow policy makers to think about the possible solutions to the challenges education system in Rwanda is encountering. Rwanda TVET Trainer Institute (RTTI) would prepare its curricula based on the research findings to meet the TVET Sector and labour market needs. 
To address the gap in this study, further research studies should be conducted to compare the level of TPACK between the general education and TVET teaching staff. This would identify the challenges each type of education is encountering and plan in accordance with the need skills gap to fill in. Researchers should also take into consideration the different levels of education at Rwanda Education Qualification Framework. 
Demographic information may influence the performance of individual teaching staff. There may be some reasons why some staffs may perform better than others like the availability of the technological tools in some institutions located in a particular town and those located in rural area may be facing challenges of tools supply. Therefore where materials are, staff may exercise themselves to be conversant with the use of the available equipment while those who do not have them stay stagnant until when the tools become available. Thus this may help to determine if the location of institution may affect the use of TPACK model in instructional activities. 
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APPENDICES

APPENDIX I: RWANDA TVET TRAINERS TRAINING COURSE ON ICT INTEGRATION IN TRAINING PLANNING AND DELIVERY (FOR RESEARCH PURPOSE)

PRE-TRAINING REQUIREMENTS

Trainer Preparation

The most important resource of any training is the trainer himself/herself. For this specific training, he/she must be equipped with the following: Basic computing skills, which include knowledge of simple computer functions, commands and processing, desktop applications, web browsers and online tools. Familiarity with the material that he/she uses when teaching (Content Knowledge). Prior to training, he/she must be aware of the various types of resources available as well as their use and application in the classroom.
Participant Information

129 Technical and language modules trainers with not less than 3 years of experience at Diploma Level from IPRC Kigali, IPRC Huye, IPRC Karongi, IPRC Gishari, IPRC Kitabi, IPRC Musanze, IPRC Rulindo, and IPRC Ngoma will be trained at their respective institutions. 
Training Design

This training programme is designed using the Contextualized Technological, Pedagogical and Content Knowledge (CTPACK) framework (Diaz, 2012), an adaptation of the TPACK Framework (Mishra and Koehler, 2006) derived from Pedagogical Content Knowledge (Shulman, 1986). The framework emphasizes that effective teachers should not only possess mastery of their subject areas (content knowledge) nor teaching strategies and techniques (pedagogical knowledge), but also of appropriate technological tools and resources (technological knowledge). These three aspects are integrated and work in synergy to create a multi-faceted type of knowledge. It is as important to contextualize TPACK; that is, to understand its implications and applications in one’s immediate environment. This is the kind of layered understanding that must be cultivated in teachers and learners.
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Source: (Koehler, 2011)
This training is very important for the researcher to compare the performance of the trainees before and after the training. The researcher will first conduct a pre-test prior to the training to determine the level of Rwanda TVET trainers’ knowledge in relation to integration of Technology into teaching planning and practice. A post-test shall also be conducted to determine the new knowledge and compare the previous performance to the current (post-training) one.
At the end of this training, participants will be able to integrate technology to Pedagogy they use in Instructional Planning and content delivery. They will also identify the challenges of instructional planning in the third world countries. The training will focus on the following:

i. Definition of terms: Technology, Pedagogy, Content and Knowledge

ii. Rationale for ICT Competency Framework for Teachers

iii. Theories of Learning

iv. Memory and forgetting 

v. Integration of Technological Pedagogical Content Knowledge in TVET  teaching plan and delivery

vi. Assessment theory (Assessment of Educational Objectives)

vii. Challenges of technology integration in TVET Instructional Planning, delivery and assessment in the third world countries and possible solutions to those challenges.

Trainers must also remember to balance activities. There shall be ample time devoted to hands on exercises, input sessions, and collaborative work, and even mealtimes and health breaks. They will also consider which session to prioritize and emphasize. Trainers must also prepare a number of energizers as they may be needed depending on the length, time and extent of the training sessions.
Human Resources 
As the training will be conducted at different sites – IPRCs head offices, each site will have a senior trainer, a co-trainer and a support staff who will facilitate technically and in other logistical support, if necessary.

Suggested training timetable 

The following tables show the important components of the training programme implemented on a 5-day schedule; however, the duration of the training can be adjusted according to the trainers’ needs.

	DAY 1 SCHEDULE

	Time
	Activity
	Responsible person

	Session one

	08:00-8:30
	Arrival of Trainees and Trainers
	Co-trainer

	08:30-08:45
	Introductory remarks
	Senior Trainer

	08:45-9:00
	Presentation of the training plan and design
	Logistics support staff

	09:00-10:30
	Topic one: Introduction and definition of terms: Technology, Pedagogy, Content and Knowledge
	Co-trainer

	10:30-11:00
	Discussions
	Senior trainer and co-trainer

	11:00-11:30
	Tea break

	Session Two

	11:30-12:30
	Topic two: Rationale for ICT Competency Framework for Teachers
	Senior trainer

	12:30-13:30
	Discussions in groups
	Co-trainer

	13:30-14:00
	Presentations
	Senior trainer and co-trainer

	14:00-14:10
	Synthesis of day one sessions
	Trainees Secretary

	14:10-14:15
	Day one closing remarks
	Senior trainer

	DAY 2 SCHEDULE

	Time
	Activity
	Responsible person

	Session one

	08:00-8:30
	Arrival of Trainees and Trainers
	Co-trainer

	08:30-08:45
	Introductory remarks
	Senior Trainer

	08:45-10:30
	Topic three: Theories of Learning
	Senior trainer

	10:30-12:30
	Scenarios Discussion in groups
	Co-trainer

	12:30-13:30
	Presentations
	Senior trainer and co-trainer

	13:30-13:40
	Synthesis of day two session
	Trainees Secretary

	13:40-13:45
	Day two closing remarks
	Senior trainer

	DAY 3 SCHEDULE

	Time
	Activity
	Responsible person

	Session one

	08:30-09:00
	Arrival of Trainees and Trainers
	Co-trainer

	09:00-09:15
	Introductory remarks
	Senior Trainer

	09:15-10:30
	Topic four: Memory and Forgetting
	Senior trainer

	10:30-10:45
	Discussions
	Co-trainer

	10:45-11:00
	Tea Break

	Session Two

	11:00-12:30
	Topic five: Integration of Technological Pedagogical Content Knowledge in TVET  teaching plan and delivery
	Senior trainer

	12:30-13:30
	Group discussions and teaching plans and aids design
	Co-trainer

	13:30-13:40
	Synthesis of day three sessions
	Trainees Secretary

	13:40-1:45
	Day three closing remarks
	Senior trainer

	DAY 4 SCHEDULE

	Time
	Activity
	Responsible person

	Session one

	08:30-09:00
	Arrival of Trainees and Trainers
	Co-trainer

	09:00-09:15
	Introductory remarks
	Senior Trainer

	09:15-10:30
	Teaching practice (Model of combining the content, technologies and teaching approaches)
	Co-trainer

	10:30-11:00
	Comments on the teaching practice
	Senior trainer

	11:00-11:30
	Tea Break

	Session Two

	11:30-13:00
	Topic Six: Assessment theory (Assessment of Educational Objectives)
	Senior trainer

	13:00-13:45
	Group discussions and preparation of model examination questions
	Co-trainer

	13:45-13:55
	Synthesis of day four sessions
	Trainees Secretary

	13:55-14:00
	Day four closing remarks
	Senior trainer

	DAY 5 SCHEDULE

	Time
	Activity
	Responsible person

	Session one

	08:30-09:00
	Arrival of Trainees and Trainers
	Co-trainer

	09:00-09:15
	Introductory remarks
	Senior Trainer

	09:15-10:30
	Presentation and discussions on the prepared model questions
	Senior trainer

	10:30-11:00
	Tea Break

	Session two

	11:00-12:30
	Topic seven: Discussion on the challenges of technology integration in TVET Instructional Planning, delivery and assessment in the third world countries and possible solutions to those challenges.
	Senior trainer and co-trainer

	12:30-14:00
	Synthesis of all the training sessions and discussions
	Trainees Secretary

	14:00-14:15
	Training closing remarks
	Senior trainer

	14:15-15:00
	Food and drinks sharing and tickets distribution to trainees and trainers
	Logistical support staff


TRAINING MODULE ON TECHNOLOGICAL PEDAGOGICAL AND CONTENT KNOWLEDGE

INTRODUCTION

Currently, with the globalization, technology is ruling all over the world. All the domains are struggling to integrate technology in all their sectors. Technology is a broad concept that can mean a lot of different things. For the purpose of this training, technology is referring to digital technology/technologies. That is the digital tools we use such as computers, laptops, iPods, handhelds, interactive whiteboards, software programs, etc. Education is the process of facilitating learning, or the acquisition of knowledge, skills, values, beliefs, and habits. This module will help the trainees to understand the effective in which technology will facilitate in acquisition of knowledge, skills and attitude.

TOPIC ONE: DEFINITIONS OF TERMS: TECHNOLOGICAL, PEDAGOGICAL, CONTENT KNOWLEDGE

Technological knowledge (TK) 

Technology is defined as almost everything that is artificial—the clothes we wear, the cars we drive, the pencils we use to scribble notes, and the computers we use to browse the Web. On the other hand, Technological knowledge is defined as understanding of how to use computer software and hardware, presentation tools such as document presenters and projects, and other technologies used in educational contexts. Most importantly, it covers the ability to adapt to and learn new technologies. It is important to note that it exists in a state of ﬂux, due to the rapid rate of change in technology (Mishra & Koehler, 2009). 
Pedagogical knowledge (PK)

There are two views about the term pedagogy. The first is the broad view in which pedagogy means the process of bringing up a person, usually a child, while educating him or her to grow into an accepted, responsible and functional member of the society. This term was coined from a Greek word pais(noun) which means child and again (verb) which means to lead. Put together the two words became pedagogy which means to lead a child and directing his or her growth. In ancient Greece it meant to lead a child into the limelight of knowledge and to acquire customs of the society (Digolo, 2014).
The second view of pedagogy which is a more focused concept is that pedagogy is the process of teaching, especially the process of teaching that goes on in school classrooms and university lecture halls and laboratories. Therefore, this is a discipline which deals with effective teaching, learning and assessment as the way to enhance this process. It is all about the skills the teacher has and the tasks conducted to enable students to acquire new knowledge and skills in different subjects. It is in this context our research shall be directed.

“Pedagogy… is the science, art, and craft of teaching. Pedagogy also fundamentally includes the decisions which are taken in the creation of the broader learning culture in which the teaching takes place and the values which inform all interactions” (Bill Lucas, 2012). This science is very important for all trainers to be effective. The details will be discussed in the later paragraphs. Thus, this is the way a teacher must plan his teaching considering different principles and practices of educational ideologies.
On the other hand, pedagogical knowledge is the acquired skills that will enable the teacher to effectively conduct his/her teaching activities. A teacher must be aware of the students’ behaviour and understand the ways he should handle their challenges. He/she must understand different methodologies to use while delivering the subjects and different types of assessments, when to assess, how to, what questions to ask, and so on. “Knowledge is often defined as a belief that is true and justified” (Hunt, 2003). This researcher found that this can be measured by the methods that rely on the correctness of the answers one is providing in relation to the questions asked. When he has knowledge, he provides correct answers, as opposed to when he doesn’t, he provides incorrect answers.
Content knowledge (CK)

This refers to the amount and organization of knowledge per se in the mind of the teacher (Shulman, 1986). It is knowledge about the actual subject matter that is to be learned or taught (Mishra & Koehrer, 2006). There are many different subject matters. Each subject has its content. Teachers should clearly understand the content of the subject they are supposed to cover. They should also understand the level of the students they teach such that the content does not go beyond the capacity of those beneficiaries. Technical school tutors must possess technical knowledge and understanding of the subjects in their fields. Their teaching involves more practice than theory. They are supposed to understand the steps to reach a particular target. For instance, if a masonry tutor is teaching, he must know that a house starts with designing and budgeting. They have to be aware that construction activities begin with the building setting out, then, wall erection, ceiling, cement pavement, wall plastering, and so on. If they are supposed to teach all of these processes, they ought to master each process content knowledge. 
TOPIC TWO: RATIONALE FOR ICT COMPETENCY FRAMEWORK FOR TEACHERS

There is a commonly accepted view that Education systems will need to effect changes to prepare citizens for lifelong learning in the emerging 21st Century Knowledge‐Based Societies. The global shift towards Knowledge‐based Economies will require a change in the traditional view of the learning process itself. It will require an understanding of how traditional (text based) and new (digital based) classroom technologies can be used to facilitate learning environments in which students are engaged in the kind of team and project work that can enable them to take greater responsibility for their own learning and construction of knowledge. It will require a ‘reconceptualization’ of teacher professional learning for a digital age. Competence with technology integration is the basis for effective change. Teachers will need to lead by modeling effective ICT skills and lifelong learning strategies. Students will need to see their teachers applying technology in authentic and integrated ways that will enable students to engage in problem solving, project collaboration and in creatively extending their abilities and capacities to acquire and construct knowledge.
In November 2008 the UNESCO ICT‐Competency Framework for Teachers (ICT‐CFT) project was launched marking the culmination of many attempts made by governments, academia, and the private sector to establish a universal terminology and competencies for ICT use in teacher development. The framework promotes a teacher development model for effective ICT integration across six education system domains of Policy, Curriculum and Assessment, Pedagogy, ICT, Organization and Administration and Teacher Development. ICT competencies or standards are descriptions of what a qualified teacher should know and be able to do with technology in educational settings. The adoption of an ICT competency framework has a number of advantages, namely: 

It will be clear for all to see what is required of a qualified teacher in terms of knowledge, skills, behaviors and attitudes for ICT use in educational settings.

If a clear framework of ICT teacher competence is in place, then:

All pre‐service teacher education institutions will need to make sure that they graduate teachers to meet the required level standards of those competencies (beginner, applying, proficient or transformative competency levels);

All in‐service providers will have to ensure that they provide ICT professional development programs which meet national priorities.

Student teachers, practicing teachers, administrators, teacher educators and   other educators will be able to see the minimum ICT competencies required of them and will be able to place efforts towards achieving and maintaining those standards.

 Competency framework can focus ICT integration on transformative practices at the classroom level; where technology integration changes content as well as pedagogy (what students learn as well as how they learn).

Integration on transformative practices at the systemic level: leading to changes in the organizational and structural features of course provision. The general public can be confident that students are being taught by teachers/ educators who have achieved agreed and transparent ICT competency standards.

TOPIC THREE: THEORIES OF LEARNING

Learning theories are the different ways through which learners acquire, recall and retain knowledge, skills and attitude. Through these theories, the trainee shall acquire how learning occurs in educational settings. Therefore, knowledge of these theories may guide a tutor in choosing materials, technology and methods to use while teaching. In this discussion, the trainer shall focus on Behaviourism, Cognitivism and constructivism theories. 
Behaviourism   

Behaviourism is primarily concerned with observable and measurable aspects of human behaviour. In defining behaviour, behaviourist learning theories emphasize changes in behaviour that result from stimulus-response associations made by an individual. (Molly & Brown, 2014). Behaviour is directed by stimuli. An individual selects one response instead of another because of prior conditioning and psychological drives existing at the moment of the action (Parkay & Hass, 2000). For instance, a father always gets home from work with a piece of bread in his bag. Arriving to home, he takes the piece of bread out of the bag and gives it to his son. But before handing it, he requests the son to wash the hands first. This is done once, twice, three times and becomes a habit. At certain moment, the child will wash the hand even before the father request for that action. Even when the father will not bring the cake to home, the child will do the same exercise. Therefore this will be an automatic response to prior experience.
John B. Watson (1878-1958) and B. F. Skinner (1904-1990) are the two principal originators of behaviourist approaches to learning. Watson believed that human behaviour resulted from specific stimuli that elicited certain responses. Watson's basic premise was that conclusions about human development should be based on observation of overt behaviour rather than speculation about subconscious motives or latent cognitive processes (Shaffer, 2000). On the other hand, Skinner developed a more understandable model but complementing Watson’s findings. This is known as Operant Conditioning. His model was based on the premise that satisfying responses are conditioned, while unsatisfying ones are not conditioned. It is all about the rewarding of part of a desired behaviour or a random act that approaches it. He remarked that "the things we call pleasant have an energizing or strengthening effect on our behaviour" (Skinner, 2015).

According to the theory, all the behaviours can be unlearned and replaced by new behaviours. When one discovers that the behaviour he had is not acceptable by the surrounding world, he can replace it with the new one which is acceptable. It is just a matter or rewarding the acceptable response to a stimulus and punishing the unacceptable one. Assume that found his parents watching action movies and could always narrate the stories related to those movies to his mother and she is happy with the child’s stories and rewards this. After a particular moment the father discovers that the child watches wrong movies, instead of watching like English Club Broadcasts. 

He approaches his wife to discuss on what the child should watch from the television. They finally agree that the child will be watching cartoons and the English Club broadcasts and decide to reward him if he is able to explain what he saw in the above broadcasts. They will first explain him the reasons why the movies he is watching are not helpful for his better future and propose him the new channels to watch and narrate the related stories. Therefore, the child will start watching from the new channels and narrate them. He will finally automatically know when the emissions are broadcasted and often attend the television to follow the selected movies and emissions at the particular time. The previous behaviours will be forgotten. Under this theory, the two procedures/models (Classical and Operant Conditioning) have in common the fact that each presents the learner with an environmental event (a stimulus) that already elicits some behaviour.

Cognitivism          

Cognitivism is a learning theory that involves the study of mental processes such as sensation, perception, attention, encoding and memory that behaviourists were reluctant to study, because cognition occurs inside the ‘black box’ of the brain. There are proofs that computers were made in accordance to cognitive theory. Be it the brain, be it a computer, they all function employing information processing, input, processing and output or result. Brain is like a computing device and can be compared to computer storage. The figures below show the process of the theory above. 
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Source: Anne Jourdan, Orison Carlile & Annetta Stack (2008)
The pioneer of this theory is Jean Piaget (1896-1980). In his work Piaget said that “cognitive development is a genesis of structures. Cognition develops by refining and developing mental structure.” (Welko & Johannes, 1996). He (Piaget) identified the child’s four stages of mental growth. In the sensorimotor stage, occurring from birth to age 2, the child is concerned with gaining motor control and learning about physical objects. In the preoperational stage, from ages 2 to 7, the child is preoccupied with verbal skills. At this point the child can name objects and reason intuitively. In the concrete operational stage, from ages 7 to 12, the child begins to deal with abstract concepts such as numbers and relationships. Finally, in the formal operational stage, ages 12 to 15, the child begins to reason logically and systematically (Molly & Brown, 2014).
Therefore, this theorist argues teachers to design age-appropriate curricula and instructions considering age related characteristics. He gave an example saying that “at the elementary level, it is difficult for students to think abstractly and systematically, thus the concepts need to be more grounded in perceptual experiences; most inquiry steps might need to be teacher-initiated; more instruments, artifacts and tools are needed to maintain joint attention in collaboration. At the middle school and high school levels, more sophisticated scientific reasoning skills such as control of variable concepts can be emphasized in the science curriculum” ( International Baccalaureate Organization , 2012).
Constructivism    

Constructivism is a learning theory based on the notion that students actively construct knowledge. (Neil & Kristin, 2008). As much as the children interact with the community, they are constructing their knowledge. For instance, you will not imagine how it comes that kids learn languages spoken by the surrounding neighbours or the parents unless you understand this theory of constructivism. They begin with pronouncing words wrongly and finally make correct sentences. As they hear from their colleagues, they develop their language skills. Therefore, they progressively construct them language skills through the interaction with the environment. 
It is difficult to clearly differentiate Constructivism from cognitivism. This is because constructivism is a natural progression from cognitivism and both focus on cognitive processes. But whereas cognitivism focuses on how information is processed, constructivism focuses on what people do with information to develop knowledge. In particular, constructivism holds that people actively build knowledge and understanding by synthesizing the knowledge they already possess with new information (Anne, Orison, & Annetta, 2008). So, before constructivism takes place, cognition will first develop baseline for further acquisition.
Several studies have been conducted upon the different learning theories and their impact upon knowledge acquisition. Researchers classified them based on three main approaches dealing with learning theories. These are behaviourism, cognitivism and constructivism. It is very difficult to differentiate one theory from another since some theories can apply in more than one class in different ways. “For example; in some resources, Bruner’s theory of Discovery Learning is accepted to be cognitive rather than developmental. In some other resources, Bruner is mostly included in developmental or constructivist class. On the other hand, while Albert Bandura is mostly classified as behaviourist, Bandura himself opposes to behaviourism. This
difficulty in classification is natural. Because it is impossible to make a statement independent of behaviourist approach while dealing with cognitive approach or to make a statement independent of cognitive approach while handling constructivist approach” (Celal, et al., 2016).
Therefore, the teaching staff should be familiar with these theories to raise awareness on how learning takes place such that they help learner to be effective in their learning. Lack of these skills will result into difficulties in understanding the learning process and helping students to learn according to their capacity and developmental stages. Even though the curricula are developed according to the developmental level of the beneficiaries, the implementers need to be familiar with concepts related to teaching and learning. 
TOPIC FOUR: MEMORY AND FORGETTING

Daniel Tammet stood before the packed house at the Museum of History and Science in Oxford. He recited, from memory, the first 22,514 digits of pi, which is often rounded off to two decimal places, or 3.14. He completed this amazing feat in 5 hours and 9 minutes and made no mistakes. Scientists describe Daniel’s memory as nothing less than extraordinary. In fact, Daniel is one of only a half-dozen people worldwide with such gargantuan memory powers. He currently holds the European record for reciting digits of pi, but people elsewhere have broken his record. For instance, Akira Haraguchi correctly repeated the first 100,000 digits of pi (Associated Press, 2006e). 
Despite Daniel’s unbelievable ability to memorize numbers, he faces a number of life challenges. He can’t drive, doesn’t tolerate shopping well, and avoids the beach because of his compulsion to count every grain of sand. As a child, he struggled to learn spelling and even simple mathematics because the techniques being taught didn’t match his unique way of thinking (Schorn, 2007; Tammet, 2007, 2009). Few people have such incredible memories and, unfortunately, many others have memory problems.
Types of Memory

We often talk about memory as though it were a single process. In fact, a popular model of memory divides it into three different processes: sensory, short-term, and long-term memory (Baddeley, 2006). To illustrate each of these processes, we’ll examine what happens as you walk through a big-city mall
Sensory Memory

As you walk through a busy mall, you are bombarded by hundreds of sights, smells,
and sounds, including the music of a lone guitarist playing for spare change. Many of these stimuli reach your sensory memory. Sensory memory refers to an initial process that receives and holds environmental information in its raw form for a brief period of time, from an instant to several seconds. For example, after reaching your ears, the guitarist’s sounds are held in sensory memory for a second or two. What you do next will determine what happens to the guitarist’s sounds that are in your sensory memory. If you pay no more attention to these sounds in sensory memory, they automatically disappear without a trace. However, if you pay attention to the guitarist’s music, the auditory information in sensory memory is transferred into another memory process called short-term memory (Baddeley, 2009c).

Short-Term Memory

Because a few notes of the guitarist’s song sounded interesting, you shifted your attention to that particular information in sensory memory. Paying attention to information in sensory memory causes it to be automatically transferred into short-term memory. Short-term memory, also called working memory, refers to another process that can hold only a limited amount of information— an average of seven items—for only a short period of time; 2 to 30 seconds. Once a limited amount of information is transferred into short-term, or working memory, it will remain there for up to 30 seconds. If during this time you become more involved in the information, such as humming to the music, the information will remain in short term memory for a longer period of time. However, the music will disappear after a short time unless it is transferred into permanent storage, called long-term memory (Squire & Kandel, 2009)

Long-Term Memory

If you become mentally engaged in whistling along or wondering why the guitarist’s music sounds familiar, there is a good chance that this mental activity will transfer the music from short-term into long-term memory. Long-term memory refers to the process of storing almost unlimited amounts of information over long periods of time. For example, you have stored hundreds of songs, terms, faces, and conversations in your long-term memory information that is potentially available for retrieval. However, from personal experience, you know that you cannot always retrieve things you learned and know you know. We’ll discuss reasons for forgetting information stored in long-term memory. Now that you know what the three memory processes are, we’ll explain how they work together.

Remembering and Forgetting

Introduction: Watching a Crime

It was about nine at night when you entered the campus building, climbed
one flight of stairs, and began walking down the long hallway. You had just
finished your psychology paper and were going to slip it under the instructor’s door. Everything happened very quickly. From about the middle of the dimly lit hallway, a man with reddish hair and wearing a brown leather jacket jumped out from behind a half-open door and ran at you. Instinctively, you threw out your hands and tried to ward off the oncoming threat.


With a quick motion, the man grabbed your blue shoulder bag and pushed you down. At that instant, your eyes met. He pointed at you with a menacing gesture and said, “Don’t move or make a sound.” Then he checked the hallway, stepped around you, and was gone (adapted from Buckout, 1980).

A 12-second filmed sequence with a storyline similar to this one was shown on television. In the TV film, the assailant’s face was on the screen for several seconds. Next, the viewers were asked to watch a lineup of six men and then to call the TV station and identify which was the assailant. Of the more than 2,000 viewers who called in, only 200 identified the correct man; 1,800 selected the wrong one (Buckout, 1980). Without looking back, try to answer the following questions (answers at bottom):

What color was the mugger’s jacket?

What color and type was the student’s bag?

Besides the bag, what else was the student carrying?

The mugger’s exact words were “Don’t make a sound.” True or false?

When thrown down, the student yelled out “Stop!” True or false?

Of the 2,000 viewers who called in, 1,800 identified the correct assailant. True or false?

Recall versus Recognition

You probably found the first three questions harder because they involve recall. Recall involves retrieving previously learned information without the aid of or with very few external cues. For example, in questions 1–3, you were asked to recall colors or objects without having any choices. Students must use recall to answer fill-in-the-blank or essay questions. You probably thought the last three questions were easier because they involve recognition. Recognition involves identifying previously learned information with the help of external cues. In questions 4–6, you have only to recognize whether the information provided is correct. Students use recognition to decide which of the choices is correct on multiple-choice tests. Since multiple choice tests involve recognition, they are generally considered easier than fill-in-the-blank and essay questions, which involve recall.

Eyewitness Testimony

Question 6 asks about a very curious result. Although the assailant’s face was on the television screen for several seconds, 90% of the viewers identified the wrong person in a six-man line up. (For example, from the six faces below, can you identify the correct mugger?) 
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How can you clearly see someone’s face and not remember it? The answer to this question comes from studies on how eyewitness memories can be affected by suggestions, misleading questions, and false information. Although we generally assume that eyewitness testimony is the most accurate kind of evidence, you’ll see that this is not always true. 
Reasons for Forgetting

Sooner or later, every student faces the problem of having to take exams in several different courses on the same day. This situation can increase the chances of forgetting material because of something called interference. The theory of interference says that we may forget information not because it is no longer in storage or memory but rather because old or newer related information produces confusion and thus blocks retrieval from memory. We began this topic by asking why only 200 out of 2,000 viewers correctly identified a mugger’s face that was shown for several seconds on television. One reason viewers forgot the mugger’s face is that one or both kinds of interference were operating. 
If proactive interference was operating, it means that previously learned faces acted forward to block or disrupt remembering of the newly observed mugger’s face. If retroactive interference was operating, it means that new faces learned since seeing the mugger’s face acted backward to block or disrupt remembering of the mugger’s face. Thus, we may forget information that we did indeed store in long-term memory because of one or both kinds of interference. Besides interference, the other most common reason for forgetting involves inadequate retrieval cues.
What if you study for three exams? 

Students who take multiple tests on the same day often complain of studying long and hard but forgetting information that they knew they knew. In this case the culprit may be interference. Similarly, if you take two or more classes in succession, you may find that information from one class interferes with learning or remembering information from the others.
TOPIC FIVE: INTEGRATION OF TECHNOLOGICAL PEDAGOGICAL AND CONTENT KNOWLEDGE (TPACK) IN TVET TEACHING PLAN AND DELIVERY

TPACK, which in full stands for Technological Pedagogical Content Knowledge, is a theory that was developed to explain the set of knowledge that teachers need to teach their students a subject, teach effectively, and use technology. The seminal piece on the TPACK model was written in 2006 by Punya Mishra and Matthew J. Koehler in “Technological Pedagogical Content Knowledge: A Framework for Teacher Knowledge.” They explain that their theory comes after five years of studying teachers at all different grade levels with design experiments to see how their classrooms operated (Mc Graw Hill Education, 2017).

This theory is an extension of Shulman’s (1986) theory known as PCK which stands for Pedagogical Content Knowledge. PCK represents the blending of content and pedagogy into an understanding of how particular aspects of subject matter are organized, adapted, and represented for instruction. He didn’t discuss about technology and its relationship to pedagogy and content. This is because when he introduced this theory, technology was not as complex issue as it is today. 
Shulman’s approach still holds true, what has changed since the 1980s is that technologies have come to the forefront of educational discourse primarily because of the availability of a range of new, primarily digital, technologies and requirements for learning how to apply them to teaching. These new technologies incorporate hardware and software such as computers, educational games, and the Internet and the myriad applications supported by it (Mishra & Koehrer, 2006).
Twenty years later, Mishra and Koehler saw that the biggest change happening in education is the use of technology in the classroom. They noticed that technological knowledge was treated as a set of knowledge outside of and unconnected to PCK. After five years of research, Mishra and Koehler created a new framework, TPACK, which adds technology to pedagogical content knowledge and emphasizes the connections, interactions, and constraints that teachers work with in all three of these knowledge areas (Mc Graw Hill Education, 2017).
Teachers will have to do more than simply learn to use currently available tools; they also will have to learn new techniques and skills as current technologies become obsolete. This is a very different context from earlier conceptualizations of teacher knowledge, in which technologies were standardized and relatively stable. The use of technology for pedagogy of specific subject matter could be expected to remain relatively static over time. Thus, teachers could focus on the variables related to content and pedagogy and be assured that technological contexts would not change too dramatically over their career as a teacher (Mishra & Koehrer, 2006).    
TOPIC SIX: EDUCATIONAL MEASUREMENT AND EVALUATION

Measurement is a designation of qualities or assignment of numerical values/numbers to objects or events according to specified rules.  Man used principles of measurement to build shelters and tools, to select a mate, to kill prey, and to fashion clothing long before advent of educational or psychological tests. In education, tests are normally used to measure such dimensions as level of intelligence, the ability to apply a given principle in a variety of situations, the proportion of materials learnt or forgotten. 
There are basically two types of measurement; criterion referenced measurement and norm referenced measurement. Criterion referenced measurement: the purpose of this type of measurement is to determine whether each student has achieved specific skills or concepts and find out how much students know before instruction begins and after it has finished. It measures specific skills which make up a designated curriculum. These skills are identified by the teacher and the curriculum experts. Each skill is identified as an instructional objective. Each individual is compared with a preset standard for acceptable achievement. The performance of other examinees is irrelevant.
Norm referenced measurement: the purpose of this type of measurement is to rank each student with respect to the achievement of others in broad areas of knowledge. It discriminates between high and low achievers. Each individual is compared with other examinees and assigned a score – usually expressed as a grade. 

Evaluation is a process through which a value judgment is made from a variety of observation and from the background and training of the evaluator. It is used to measure how effective a particular approach or method to achieve specified ends. Tests should accurately measure specified attributes. But no matter how good tests may be, someone must interpret test results and decide upon the course of action that can best help the student. Before any far reaching decision is made, as much relevant information as possible about the student should be gathered. 

Evaluation of students learning requires the use of a number of techniques for measuring his/her achievement. However, evaluation is not merely a collection of techniques- it is a process, a systematic process that plays a significant role in effective teaching. It begins with the identification of intended learning outcomes and ends with a judgment concerning the extent to which the learning outcomes have been achieved. There are two types of evaluation namely summative evaluation and formative evaluation.

Summative evaluation assesses achievement with an end in mind such as a grade. It is typically quantitative, using numeric scores or letter grades to assess learner achievement. It looks at more than one learner’s performance to see how well a group did on a learning task that utilized specific learning materials and methods. By looking at the group, the tutor can evaluate the learning materials and learning process. Formative evaluation is the most suitable type of evaluation in a Learner-Centred Pedagogy. The purpose of formative evaluation is to gather information to understand strengths and weaknesses of learners in order to improve teaching and learning. It is carried out as the module is taught in form of continuous assessments, class works, presentations, etc. 
Taxonomy of Educational Objectives
There are three domains of educational objectives: cognitive, psychomotor and affective but in assessment and evaluation, we basically consider the cognitive domain.
COGNITIVE DOMAIN

These include all forms of intellectual activities – all those behaviours that can be called thinking. It is further classified into six sublevels which, according to Bloom, are arranged in a hierarchy from the simplest to the most complex. Knowledge: in assessing learners, the items should be related to knowledge – how much have they gained? Knowledge is (here) defined as the remembering (recalling) of appropriate, previously learned information. Verbs/words to help in writing items/objectives include among others who, what, when, where, define, enumerate, identify, label, list, tell, match, name, record, give, reproduce, select, state, etc. 
Comprehension: this relates to grasping (understanding) of materials learnt. Verbs to help in writing objectives include: explain, describe, summarize, account for, compare, contrast, distinguish.
Application/Synthesis: this is about the use of previously learned information in new and concrete situations to solve problems. It requires one to creatively apply prior knowledge and skills to produce a new. Verbs/words to use are: apply, classify, use, solve, find, how many, how much, which, what, etc.
Analysis: this involves higher order questions that require students to think critically and in depth. In analysis questions, students are asked to engage in to kinds of cognitive processes: to identify the motives, reasons, and/or causes for a specific occurrence, to analyse available information to reach a conclusion, inference or generalization based on that information. Verbs typically used include: identify motives/causes, draw conclusions, determine evidence, support, analyse, why, etc.

Evaluation: it requires the student to judge the merit of an idea, a solution to a problem, or an aesthetic work. The students may also be asked to offer an opinion on an issue.  

APPENDIX II: THE QUESTIONNAIRES FOR PRE AND POST TESTING

Pre-test Questionnaire for IPRCs teaching staff

Dear respondent, 

This pre-training survey is issued to examine the “impact of Technological, Pedagogical and Content Knowledge on performance of TVET tutors in Rwanda”. Your answers in the questionnaire shall be used for research. Information and identification provided will be treated with most confidentiality. For this reason, do not hesitate to answer intimately.

Kind regards!

Demographic information

Age  range:

18-25

26-30

31-40

41 and above

Gender: Female


Male

Educational Level

Advanced Level (A2)

(Advanced) Diploma (A1)/RTQF L6/7

Bachelor (A0)

Master 

PhD

Title: 

Teacher

Instructor

Tutorial Assistant

 Assistant Lecturer 

Lecturer 

Senior Lecturer

Area of specialization (Circle a corresponding letter)

Mechanical Engineering

Electronics and Telecommunication Engineering

Electrical Engineering

Civil Engineering

Computer Engineering 

Hotel and tourism engineering

Mathematics

Language

Entrepreneurship

Civic Education

Other (mention) ……………………………………………………………….

Your institution location:

Urban area 




Rural area 

Work experience

1-3 years

4-6 years

7-9 years

10-12 years

13 years and above

Pre-training questions

Technology is a broad concept that can mean a lot of different things. For the purpose of this questionnaire, technology is referring to digital technology/technologies. That is the digital tools we use such as computers, laptops, iPods, handhelds, interactive whiteboards, software programs, etc. Please answer all of the questions and if you are uncertain of or neutral about your response you may always tick in the “neither agree nor disagree” box. 

	
	Strongly Disagree
	Disagree
	Neither agree nor disagree
	Agree
	Strongly agree

	TK: Technological Knowledge

	
	I know using office programs like MS Word, Excel and Power Point
	
	
	
	
	

	
	I can communicate through internet
	
	
	
	
	

	
	I am able to use data like saving to Flash disks, CD, DVD, etc
	
	
	
	
	

	
	I can use printers, scanners and camera
	
	
	
	
	

	
	I know how to solve my own technical problems
	
	
	
	
	

	
	I can learn technology easily
	
	
	
	
	

	
	I keep up with important new technologies in my domain 
	
	
	
	
	

	
	I frequently play around the technology
	
	
	
	
	

	
	I know about a lot of technologies
	
	
	
	
	

	
	I have the technical skills I need to use technology in my teaching 
	
	
	
	
	

	CK: Content Knowledge

	
	I have sufficient knowledge about the modules I deliver
	
	
	
	
	

	
	I can think about the subject matter like an expert who specialize in my subject
	
	
	
	
	

	
	I can use my subject way of thinking
	
	
	
	
	

	
	I have various ways and strategies of developing my understanding
of the subject I deliver.
	
	
	
	
	

	
	I can use the knowledge I have in my field of work in innovative and creative thinking
	
	
	
	
	

	
	I have various ways and strategies of developing my understanding of the content in the course I deliver. 
	
	
	
	
	

	
	I have enough self-confidence to teach any subject specialization.
	
	
	
	
	

	
	I follow-up new sources and recent development (books/journals/articles) in the field of my subject specialisation.
	
	
	
	
	

	PK: Pedagogical Knowledge

	
	I can select teaching strategies which are convenient to achievements related to the course I deliver
	
	
	
	
	

	
	I can  adapt my teaching based-upon what students currently understand or do not understand
	
	
	
	
	

	
	I can adapt my teaching style to different learners 
	
	
	
	
	

	
	I know how to assess students performance in classroom
	
	
	
	
	

	
	I can assess students learning in multiple ways 
	
	
	
	
	

	
	I can use a wide range of teaching approaches in a classroom setting
	
	
	
	
	

	
	I am familiar with common students understandings and misconceptions 
	
	
	
	
	

	
	I know how to organize and maintain classroom management 
	
	
	
	
	

	PCK: Pedagogical Content Knowledge 

	
	I have knowledge of appropriate teaching methods in my subject specialization
	
	
	
	
	

	
	I have the ability to prepare effective activities in my subject specialization
	
	
	
	
	

	
	I have the ability to achieve goals in my lesson plan.
	
	
	
	
	

	
	I have the ability to help my students to link concepts in my subject specialization with other disciplines.
	
	
	
	
	

	
	I have the ability to develop students’ assessment tools particularly in my subject specialization.
	
	
	
	
	

	TCK: Technological Content Knowledge

	
	I know about technologies that I can use to the learning content of the module I deliver. 
	
	
	
	
	

	
	I know about technologies that I can use for understanding of the course content
	
	
	
	
	

	
	I have the ability to use the internet in the scientific research in my specialty (subject area).
	
	
	
	
	

	
	I have the ability to use social media to enrich my knowledge in my specialty (subject area).
	
	
	
	
	

	
	I have the ability to develop my knowledge in my specialty using new technologies.
	
	
	
	
	

	
	I have knowledge of new technologies related to my specialty.
	
	
	
	
	

	
	I have the ability to use appropriate new technologies to represent the content of my specialty (such as multimedia, simulation, and modelling).
	
	
	
	
	

	TPK: Technological Pedagogical Knowledge

	
	I can select technologies that enhance the teaching approaches for a lesson
	
	
	
	
	

	
	I can choose technologies that enhance students’ learning for a lesson
	
	
	
	
	

	
	My teaching experience has caused me to think more deeply about how technology can influence the teaching approaches I use in my classroom
	
	
	
	
	

	
	I am thinking critically about how to use technology in my  classroom
	
	
	
	
	

	
	I can adapt the use of technologies that I learned about to different teaching activities 
	
	
	
	
	

	
	I can select technologies to use in my  classroom that enhance what I teach, how I teach and what students learn
	
	
	
	
	

	
	I can use strategies to combine content technologies and teaching approaches in my classroom
	
	
	
	
	

	
	I can provide leadership in helping others to coordinate the use of content, technology, and teaching approaches at my school
	
	
	
	
	

	
	I can choose technologies that enhance the content for a lesson
	
	
	
	
	

	TPACK: Technological Pedagogical and Content Knowledge

	
	I can help my students to understand the content knowledge of the subject I deliver through various ways.
	
	
	
	
	

	
	I can choose technologies that enhance the content for a lesson
	
	
	
	
	

	
	I can use strategies that combine content, technologies and teaching approaches that I learned about in my coursework in my classroom.
	
	
	
	
	

	
	I can select technologies to use in my classroom that enhance what I teach, how I teach and what students learn
	
	
	
	
	

	
	I can teach lessons that appropriately combine the course content, technologies and the teaching approaches
	
	
	
	
	

	
	I can provide leadership in helping others to coordinate the use of
content, technologies, and teaching approaches at my school and elsewhere in the country.
	
	
	
	
	


Thank you for your commitment to answering this questionnaire! 

Post-test Questionnaire for IPRCs teaching staff

Dear respondent, 

This post-training survey is issued to examine the “impact of Technological, Pedagogical and Content Knowledge on performance of TVET tutors in Rwanda”. Your answers in the questionnaire shall be used for research and must reflect on the training you underwent. Information and identification provided will be treated with most confidentiality. For this reason, do not hesitate to answer intimately.

Kind regards!

Demographic information

Age  range:

18-25

26-30

31-40

41 and above

Gender: Female


Male

Educational Level

Advanced Level (A2)

(Advanced) Diploma (A1)/RTQF L6/7

Bachelor (A0)

Master 

PhD

Title: 

Teacher

Instructor

Tutorial Assistant

 Assistant Lecturer 

Lecturer 

Senior Lecturer

Area of specialization (Circle a corresponding letter)

Mechanical Engineering

Electronics and Telecommunication Engineering

Electrical Engineering

Civil Engineering

Computer Engineering 

Hotel and tourism engineering

Mathematics

Language

Entrepreneurship

Civic Education

Other (mention) ……………………………………………………………….

……………………………………………………………….……………………………………………………………….……………………………………………………………….……………………………………………………………….……………………………………………………………….……………………………………………………………….
Your institution location:

Urban area 




Rural area 

Work experience 

1-3 years

4-6 years

7-9 years

10-12 years

ears and above

Post-training questions

Technology is a broad concept that can mean a lot of different things. For the purpose of this questionnaire, technology is referring to digital technology/technologies. That is the digital tools we use such as computers, laptops, iPods, handhelds, interactive whiteboards, software programs, etc. Please answer all of the questions and if you are uncertain of or neutral about your response you may always tick in the “neither agree nor disagree” box. 

	
	Strongly Disagree
	Disagree
	Neither agree nor disagree
	Agree
	Strongly agree

	TK: Technological Knowledge

	
	I know using office programs like MS Word, Excel and Power Point
	
	
	
	
	

	
	I can communicate through internet
	
	
	
	
	

	
	I am able to use data like saving to Flash disks, CD, DVD, etc
	
	
	
	
	

	
	I can use printers, scanners and camera
	
	
	
	
	

	
	I know how to solve my own technical problems
	
	
	
	
	

	
	I can learn technology easily
	
	
	
	
	

	
	I keep up with important new technologies in my domain 
	
	
	
	
	

	
	I frequently play around the technology
	
	
	
	
	

	
	I know about a lot of technologies
	
	
	
	
	

	
	I have the technical skills I need to use technology in my teaching 
	
	
	
	
	

	CK: Content Knowledge

	
	I have sufficient knowledge about the modules I deliver
	
	
	
	
	

	
	I can think about the subject matter like an expert who specialize in my subject
	
	
	
	
	

	
	I can use my subject way of thinking
	
	
	
	
	

	
	I have various ways and strategies of developing my understanding
of the subject I deliver.
	
	
	
	
	

	
	I can use the knowledge I have in my field of work in innovative and creative thinking
	
	
	
	
	

	
	I have various ways and strategies of developing my understanding of the content in the course I deliver. 
	
	
	
	
	

	
	I have enough self-confidence to teach any subject specialization.
	
	
	
	
	

	
	I follow-up new sources and recent development (books/journals/articles) in the field of my subject specialisation.
	
	
	
	
	

	PK: Pedagogical Knowledge

	
	I can select teaching strategies which are convenient to achievements related to the course I deliver
	
	
	
	
	

	
	I can  adapt my teaching based-upon what students currently understand or do not understand
	
	
	
	
	

	
	I can adapt my teaching style to different learners 
	
	
	
	
	

	
	I know how to assess students performance in classroom
	
	
	
	
	

	
	I can assess students learning in multiple ways 
	
	
	
	
	

	
	I can use a wide range of teaching approaches in a classroom setting
	
	
	
	
	

	
	I am familiar with common students understandings and misconceptions 
	
	
	
	
	

	
	I know how to organize and maintain classroom management 
	
	
	
	
	

	PCK: Pedagogical Content Knowledge 

	
	I have knowledge of appropriate teaching methods in my subject specialization
	
	
	
	
	

	
	I have the ability to prepare effective activities in my subject specialization
	
	
	
	
	

	
	I have the ability to achieve goals in my lesson plan.
	
	
	
	
	

	
	I have the ability to help my students to link concepts in my subject specialization with other disciplines.
	
	
	
	
	

	
	I have the ability to develop students’ assessment tools particularly in my subject specialization.
	
	
	
	
	

	TCK: Technological Content Knowledge

	
	I know about technologies that I can use to the learning content of the module I deliver. 
	
	
	
	
	

	
	I know about technologies that I can use for understanding of the course content
	
	
	
	
	

	
	I have the ability to use the internet in the scientific research in my specialty (subject area).
	
	
	
	
	

	
	I have the ability to use social media to enrich my knowledge in my specialty (subject area).
	
	
	
	
	

	
	I have the ability to develop my knowledge in my specialty using new technologies.
	
	
	
	
	

	
	I have knowledge of new technologies related to my specialty.
	
	
	
	
	

	
	I have the ability to use appropriate new technologies to represent the content of my specialty (such as multimedia, simulation, and modeling).
	
	
	
	
	

	TPK: Technological Pedagogical Knowledge

	
	I can select technologies that enhance the teaching approaches for a lesson
	
	
	
	
	

	
	I can choose technologies that enhance students’ learning for a lesson
	
	
	
	
	

	
	My teaching experience has caused me to think more deeply about how technology can influence the teaching approaches I use in my classroom
	
	
	
	
	

	
	I am thinking critically about how to use technology in my  classroom
	
	
	
	
	

	
	I can adapt the use of technologies that I learned about to different teaching activities 
	
	
	
	
	

	
	I can select technologies to use in my  classroom that enhance what I teach, how I teach and what students learn
	
	
	
	
	

	
	I can use strategies to combine content technologies and teaching approaches in my classroom
	
	
	
	
	

	
	I can provide leadership in helping others to coordinate the use of content, technology, and teaching approaches at my school
	
	
	
	
	

	
	I can choose technologies that enhance the content for a lesson
	
	
	
	
	

	TPACK: Technological Pedagogical and Content Knowledge

	
	I can help my students to understand the content knowledge of the subject I deliver through various ways.
	
	
	
	
	

	
	I can choose technologies that enhance the content for a lesson
	
	
	
	
	

	
	I can use strategies that combine content, technologies and teaching approaches that I learned about in my coursework in my classroom.
	
	
	
	
	

	
	I can select technologies to use in my classroom that enhance what I teach, how I teach and what students learn
	
	
	
	
	

	
	I can teach lessons that appropriately combine the course content, technologies and the teaching approaches
	
	
	
	
	

	
	I can provide leadership in helping others to coordinate the use of
content, technologies, and teaching approaches at my school and elsewhere in the country.
	
	
	
	
	

	
	In general, my trainers have provided an effective model of combining the content, technologies and teaching approaches
	
	
	
	
	


Thank you for your commitment to answering this questionnaire!

APPENDIX III: IPRCs TUTORS’ INSTRUCTIONAL PLANNING AND DELIVERY OBSERVATION CHECKLIST

Date: …………………………..….. Class observed ………………………………..

Module observed: ………………………..…………………………………………..

…………………………………………..……………………………………………

	Observation checklist
	Exceeds expectations
	Meets expectations
	Needs improvement
	Unacceptable
	Not observed

	TK: Technological Knowledge

	1
	The tutor knows using office programs like MS Word, Excel and Power Point
	
	
	
	
	

	2
	The tutor can communicate through internet
	
	
	
	
	

	3
	The tutor is able to use data like saving to Flash disks, CD, DVD, etc
	
	
	
	
	

	4
	The tutor can use printers, scanners and camera
	
	
	
	
	

	5
	The tutor knows how to solve his/her own technical problems
	
	
	
	
	

	6
	The tutor can learn technology easily
	
	
	
	
	

	7
	The tutor keeps up with important new technologies in his/her domain 
	
	
	
	
	

	8
	The tutor frequently plays around the technology
	
	
	
	
	

	9
	The tutor knows about a lot of technologies
	
	
	
	
	

	10
	The tutor has the technical skills he/she needs to use technology in his/her teaching 
	
	
	
	
	

	CK: Content Knowledge

	11
	The tutor has sufficient knowledge about the modules he/she delivers
	
	
	
	
	

	12
	The tutor can think about the subject matter like an expert who specialize in his/her subject
	
	
	
	
	

	13
	The tutor can use his/her subject way of thinking
	
	
	
	
	

	14
	The tutor has various ways and strategies of developing his/her understanding of the subject he/she delivers.
	
	
	
	
	

	15
	The tutor can use the knowledge he/she has in his/her field of work in innovative and creative thinking
	
	
	
	
	

	16
	The tutor has various ways and strategies of developing his/her understanding of the content in the course he/she delivers. 
	
	
	
	
	

	17
	The tutor has enough self-confidence to teach any subject specialization.
	
	
	
	
	

	18
	The tutor follows-up new sources and recent development (books/journals/articles) in the field of his/her subject specialization.
	
	
	
	
	

	PK: Pedagogical Knowledge

	19
	The tutor can select teaching strategies which are convenient to achievements related to the course he/she deliver
	
	
	
	
	

	20
	The tutor can  adapt his/her teaching based-upon what students currently understand or do not understand
	
	
	
	
	

	21
	The tutor can adapt his/her teaching style to different learners 
	
	
	
	
	

	22
	The tutor knows how to assess students performance in classroom
	
	
	
	
	

	23
	The tutor can assess students learning in multiple ways 
	
	
	
	
	

	24
	The tutor can use a wide range of teaching approaches in a classroom setting
	
	
	
	
	

	25
	The tutor is familiar with common students understandings and misconceptions 
	
	
	
	
	

	26
	The tutor knows how to organize and maintain classroom management 
	
	
	
	
	

	PCK: Pedagogical Content Knowledge 

	27
	The tutor has knowledge of appropriate teaching methods in his/her subject specialization
	
	
	
	
	

	28
	The tutor has the ability to prepare effective activities in his/her subject specialization
	
	
	
	
	

	29
	The tutor has the ability to achieve goals in his/her lesson plan.
	
	
	
	
	

	30
	The tutor has the ability to help his/her students to link concepts in his/her subject specialization with other disciplines.
	
	
	
	
	

	31
	The tutor has the ability to develop students’ assessment tools particularly in his/her subject specialization.
	
	
	
	
	

	TCK: Technological Content Knowledge

	32
	The tutor knows about technologies that he/she can use to the learning content of the module he/she delivers. 
	
	
	
	
	

	33
	The tutor knows about technologies that he/she can use for understanding of the course content.
	
	
	
	
	

	34
	The tutor has the ability to use the internet in the scientific research in his/her specialty (subject area).
	
	
	
	
	

	35
	The tutor has the ability to use social media to enrich his knowledge in his/her specialty (subject area).
	
	
	
	
	

	36
	The tutor has the ability to develop his/her knowledge in his/her specialty using new technologies.
	
	
	
	
	

	37
	The tutor has knowledge of new technologies related to his/her specialty.
	
	
	
	
	

	38
	The tutor has the ability to use appropriate new technologies to represent the content of his/her specialty (such as multimedia, simulation, and modelling).
	
	
	
	
	

	TPK: Technological Pedagogical Knowledge

	39
	The tutor can select technologies that enhance the teaching approaches for a lesson.
	
	
	
	
	

	40
	The tutor can choose technologies that enhance students’ learning for a lesson
	
	
	
	
	

	41
	The tutor is able to critically use technology in his/her  classroom
	
	
	
	
	

	42
	The tutor's teaching experience has caused him/her to think more deeply about how technology can influence the teaching approaches he/she use in his/her classroom
	
	
	
	
	

	43
	The tutor adapts the use of technologies that he/she learned about to different teaching activities 
	
	
	
	
	

	44
	The tutor can select technologies to use in his/her  classroom that enhance how he/she teaches and what students learn
	
	
	
	
	

	45
	The tutor can use strategies to combine content technologies and teaching approaches in his/her classroom
	
	
	
	
	

	46
	The tutor can provide leadership in helping others to coordinate the use of content, technology, and teaching approaches at his/her school
	
	
	
	
	

	TPACK: Technological Pedagogical and Content Knowledge

	47
	The tutor can help students to understand the content knowledge of the subject he/she delivers through various ways.
	
	
	
	
	

	48
	The tutor can choose technologies that enhance the content for a lesson
	
	
	
	
	

	49
	The tutor can use strategies that combine content, technologies and teaching approaches that he/she learned about in the training.
	
	
	
	
	

	50
	The tutor can select technologies to use in his/her classroom that enhance what he/she teaches, how he/she teaches and what students learn
	
	
	
	
	

	51
	The tutor can teach lessons that appropriately combine the course content, technologies and the teaching approaches
	
	
	
	
	

	52
	The tutor can provide leadership in helping others to coordinate the use of content, technologies, and teaching approaches at his/her school.
	
	
	
	
	


APPENDIX IV: RESEARCH CLEARANCE LETTERS
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Intervening variables


TVET Tutors experience 


Prior pedagogical knowledge 


Motivation


Teaching Facilities


Class size
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TPACK Training


 











TVET Sector





Teaching Performance


Use and manipulation of Technological tools


Use of teaching approaches


Content delivery 


Assessment skills 
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Retrieval





Material from memory 





Perception





Sensory data





Attention





Action
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