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Abstract: 

Technology is nowadays present in everything people do. It is a powerful tool for people to work, 

entertain, communicate, learn, or teach. Technology is a needful tool for many professionals, and 

teachers are not an exception. Both students and teachers benefit from the use of technology in 

classrooms, and there has been considerable investment in that sense. However, there is a key factor 

to see return, that is commonly ignored, the teachers. Knowing the factors that determine the 

acceptance of technology by Portuguese teachers are this study’s main concern. 

This study proposes an extended Technology Acceptance Model (TAM) that integrates students’ 

influence, job satisfaction, technical support, training and age into the original model to explore the 

factors that affect the usage intention towards the interactive whiteboard by Portuguese teachers. The 

proposed model was tested using the data collected from a questionnaire developed for this study. The 

empirical analysis is carried out by the two step structural equation modeling, assessing the reliability 

and validity of both the measurement and structural models.  

The results confirm the positive effects of job satisfaction, perceived ease of use, perceived usefulness, 

students’ influence, and training (trough perceived ease of use) in the intention to use the interactive 

whiteboard. Perceived usefulness had the largest positive influence. It is also suggested by the results 

that perceived ease of use gains importance as a determinant of intention for older teachers. After two 

new paths were proposed during the analysis, the model explains 85% of the variance in usage 

intention.  

Keywords: Technology Acceptance, Usage intention, Structural Equation Modeling, Interactive 

Whiteboard, Portuguese teachers, Technology in Education.   
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Resumo: 

A tecnologia está hoje presente em tudo o que fazemos. É uma poderosa ferramenta no trabalho, no 

lazer, na comunicação, no ensino... É uma ferramenta cada vez mais indispensável para muitos 

profissionais e os professores não são exceção. Tanto professores como alunos beneficiam da sua 

utilização na sala de aula e avultados investimentos têm sido feitos nesse sentido. Contudo, para se 

alcançarem os benefícios esperados, há um fator fundamental que é, muitas vezes, ignorado - os 

professores. Entender os fatores determinantes da aceitação de tecnologia por professores 

portugueses é o objetivo maior deste trabalho. 

Propõem-se uma extensão ao Modelo de Aceitação de Tecnologia (TAM), que integra as variáveis -

influência dos alunos, satisfação profissional, apoio técnico, formação e idade - para entender os fatores 

que determinam a intenção de uso do quadro interativo. O modelo proposto foi testado com dados 

recolhidos por resposta a um questionário. A análise empírica recorreu à modelação de equações 

estruturais, testando a validade tanto do modelo de medição quanto do estrutural. 

Os resultados confirmam a influência da satisfação profissional, da facilidade percebida de uso, da 

utilidade percebida, da influência dos alunos e da formação na intenção de uso do quadro interativo, 

sendo que a utilidade percebida demonstrou estatisticamente uma maior influência. É também sugerido 

pelos resultados obtidos que a facilidade percebida de uso tenha uma importância maior para os 

professores mais velhos. Depois de na análise serem propostos dois novos caminhos, o modelo explica 

85% da variância na intenção de uso do quadro interativo.  

Palavras-chave: Aceitação de tecnologia, Intenção de uso, Modelação de Equações Estruturais, 

Quadro interativo, Professores portugueses, Tecnologia na educação.   
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1 – Introduction  

This chapter has the purpose of explaining the background and motivation of the problem at stake and 

define the objectives, methodology and structure of this dissertation. 

1.1 Problem Background and Motivation  

The education has, nowadays, a technological facet never imagined by previous generations of both 

teachers and students. The technological development brings emerging devices and systems that 

demand an effort from schools to properly integrate and take advantage of them. 

Information Technology (IT) can improve teaching by boosting what is already in practice or by giving 

professionals new and better ways of teaching. The way teachers prepare their lessons can be improved 

using technology as access to textual and audiovisual content, which enables to make lessons more 

complete and attractive, and enhances the active involvement of students. Students exposed to 

technologies they will likely use later in their professional careers have an increased productivity and 

better communication with friends and family (Belo et al., 2014). On the other hand, IT can favor 

knowledge transmission by content sharing platforms or the use of websites during lessons. However 

these advantages seem dependent on the way technology is used and integrated into the teaching and 

learning processes, being the availability of technology not enough to present results on student learning 

by itself (Comi et al., 2017).  

Back in 2007, newspapers have announced that a new plan for informatization in schools, the 

Technological Education Plan (TEP) would bring one computer to each classroom in Portugal (Lusa, 

2007). TEP came to scene aiming to place Portugal in the top 5 European countries regarding the 

technological modernization in education sector within three years. The plan also aimed to train and 

certify both students and teachers in IT skills (Resolução Conselho de Ministros 137/2007). Such 

ambitions were followed by an economic crisis that restricted the budget available for public schools to 

invest in technological modernization (P. Santos, personal communication, March 1, 2018). 

The Education Ministry led by Maria de Lurdes Rodrigues, from the 17th constitutional government, had 

a strong opposition from education professionals, mainly because of the evaluation procedures (Lobo, 

2012). These same government and minister were responsible for the TEP approval. Right during the 

implementation period of the TEP, serious divergences led to the greatest teacher’s protest in Portugal, 

which joined 100 thousand professionals in the streets fighting mainly for the respect they considered 

was withdrawn by that minister (Portugal Diário, 2008).  

After just three years of implementation, the investment had already reached 400 million euros. The 

TEP has equipped Portuguese schools like no other plan before, with 2 million computers and 15 

thousand interactive whiteboards distributed in 2010. The Portuguese teachers had a new work 

environment, but the planned training programs were not fulfilled (Pereira, 2011). When one tries to 

bring modernization into whatever field, resistance to change is a reality to be faced. In this specific 

case, there was an ageing professional class, unsatisfied with its superiors, which probably is why, then, 

TEP was considered “another imposition” or “just more work” (Duarte, 2015). The TEP, whose primary 
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concerns were to provide access to technologies and improve teachers’ skills, did not predict those 

factors as barriers to fully succeed.  

The resolution of the Council of Ministers in which TEP was approved, refers an international analysis 

which considers three factors as critical for technological modernization in education, namely access, 

competencies, and motivation. This same analysis concluded that for those countries where the access-

related barriers were overtaken, the motivation-related barriers gained importance (GEPE, 2008). 

In recent years, many studies highlighted a key factor for a successful integration of technologies in 

schools: its teachers (Chow, 2015; Comi et al., 2017; Sánchez-Prieto et al., 2017). Knowing the factors 

that determine the technology acceptance by these professionals is a trump card to develop new 

educational technologies and design training initiatives (Sánchez-Prieto et al., 2017).  

In 2018, Apple is organizing events to introduce to both students and teachers a new iPad with stylus 

support (Heater, 2018). Since in 2017 the tech giant was still outmaneuvered in the educational field by 

Google’s Chromebook and Microsoft Windows devices (Liao, 2018). In this sector, Google has been 

dominating its competitors with low-cost laptops and free apps that are transforming public education, 

which is the result of an investment that started back in the fall of 2012 (Singer, 2017).  

The present dissertation intends to answer the question: which are, for these teachers, the critical factors 

for technology acceptance? By looking at the past, it is possible to seek answers for the future. Having 

Portugal been the setting of a national-level plan that equipped the schools with new technologies just 

a decade ago, studying the current state of technology usage and acceptance by these teachers, could 

bring insights for properly choose the framework to be used in this study, so it embraces all the important 

factors to test. This work intends to focus the study of technology acceptance in a specific technology, 

particularly one that is widely distributed in schools, but with low usage rates, so the results may 

contribute to the research in which future technological plans should rely on. This means that both the 

technology and the framework to be used will be selected based on the research conducted.  

The theoretical frameworks used to study technology acceptance rely in diverse knowledge areas such 

as organizational management, psychology, and information systems. Those models, particularly those 

with empirical validation in the educational field, are going to be studied and compared. In what regards 

the selection of the research model are at stake both the options of using a studied model with good 

results in this field, or developing a new one that can embrace all the features of these professionals 

and the environment in which they work.  

1.2 Thesis Objectives  

The primary ambition of this dissertation is to discover the most influential factors for the acceptance 

and use of technology by Portuguese teachers. This study should be performed by the application of a 

model, that intends to explain the intention to use technology and/or the usage behavior. To do so, the 

present thesis’ goals are: 

(1) To study which initiatives were taken to equip Portuguese schools with new technologies 



3 
 

(2) To analyze the use of technology by Portuguese teachers and which technologies are available 

in Portuguese schools. 

(3) To select the technology in which the study should focus. 

(4) To characterize the professional class.  

(5) To review the literature available about the existent models to study technology acceptance, its 

results and critics, and the application of those models to teachers.  

(6) To select or develop the research model based on both context and theoretical backgrounds. 

(7) To collect data through the application of a questionnaire aiming a sample size of at least 200 

teachers. 

(8) To test the hypothesized model. 

1.3 Research Methodology 

Regarding the characterization of the problem, the methodology to be followed includes study the public 

reports by the Portuguese Education Minister and the Organization for Economic Co-operation and 

Development (OECD) about the technological plan and its implementation, the use of technology by 

Portuguese teachers, and the characterization of the professional class. It is also expected that some 

interviews will be performed to teachers related with the integration of technology in schools, what 

should bring important insights for the factors that must be considered for the research model 

development, and the availability and use of technology in Portuguese schools. 

For the literature review, the methodology to be used includes research for papers with relevant 

keywords such as technology acceptance, technology in education, teachers’ acceptance of technology, 

or intention to use technology, the most suitable papers were downloaded from online academic 

publication databases like B-on, Science Direct, or ResearchGate. Since there is a great amount of 

literature about technology acceptance, recent papers with extended literature reviews on the subject 

will be preferred to provide an overview of the most relevant theories and models. Papers related to 

those theories should then be analyzed more in-depth.  

The data collection methodology will rely on the development of a questionnaire based on relevant 

literature. This questionnaire will be distributed to teachers from primary to secondary education. Some 

assumptions may be needed to deal with missing data. The proposed model will be implemented in 

proper software and tested with the collected data (questionnaires). The results from this step regard 

the validity of the model, the fitness to the data, and should bring answers to the main question of this 

dissertation “Which are the most influential factors for technology acceptance by Portuguese teachers?”. 

The Figure 1 depicts the main steps to be followed for the development of this dissertation.    
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Figure 1 - Dissertation's main steps. 

1.4 Outline  

Introduction – The background and motivation of the dissertation’s problem along with its objectives, 

structure, and the methodology to be followed are revealed.  

Problem Definition – The Portuguese technological plan, defined by the education minister, is described. 

The use of technology by Portuguese teachers is studied along with the characterization of the 

professional class. In this chapter, are also detailed the results of the interviews with the teachers 

performed by the author with the main objective of bring inputs for the development or selection of the 

research model.  

Literature Review – This chapter is dedicated to the relevant literature regarding technology acceptance 

and how the existent theories and models have been applied to the education sector. This should bring 

the most important concepts, the most used and tested variables, and the most suitable methodologies 

to be taken further. 

Research Methodology – The methodology for the dissertation will be detailed such as the data 

collection and analysis procedures for the variables proposed, considering both the problem definition 

and the literature review chapters.  

Data analysis – The results for this study are presented. The chapter begins with the sample 

characterization and then describes the results obtained for the measurement and structural models 

validity, reliability and the analysis of the research hypotheses.  

Results Discussion – The obtained results from the statistical analysis are discussed in detail as well as 

the decisions made along the data analysis.  

Conclusions – This chapter provides the conclusions of this dissertation, resuming the most important 

findings and contributions taken from this work, along with the limitations of the study and proposals for 

future work.  
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2 -  Problem Definition  

This chapter presents the assessment of the technological education plan (the most recent initiative that 

took place in Portugal to equip the schools with technology), studies the use of technology by 

Portuguese teachers, the features and benefits of the interactive whiteboard, and characterizes this 

professional class.  

2.1 Technological Education Plan  

In 2007, the Technological Education Plan (TEP) was approved with its management, coordination, 

monitoring, and evaluation, a responsibility of the Education Ministry. This plan focused its efforts on the 

technological modernization of schools in such a way that Portugal would be, as of 2010, part of the top 

5 most advanced European countries in educational technology assets. When the plan was discussed 

in the council of ministers, the Education Ministry brought some conclusions regarding the technological 

modernization of Portuguese schools. At that moment, the main struggles were the ageing of the 

computer assets, the internet speed, the lack of competences in Information Technologies (IT), by both 

teachers and students, and the need to computerize the school management processes. These 

conclusions were taken from an international analysis which considers three factors as critical for 

technological modernization in education, namely access, competences, and motivation (Resolução de 

Conselho de Ministros, 137/2007). As shown in (Figure 2), motivation was not a prime concern at the 

time of the TEP development. Comparing these results with other European countries is possible to 

conclude that as the access-related barriers are overtaken, the motivation-related barriers gain 

importance (GEPE, 2008). 

 

Figure 2 - Barriers identified for technological modernization in education. Adapted from Resolução de Conselho 
de Ministros,137/2007. 

The plan set some goals for the first three years of implementation: to decrease the ratio of students per 

computer, to decline the differences between schools in internet access, to increase the use of 

technologies by teachers and students, and to train and certify both students and teachers in IT skills 

(Resolução de Conselho de Ministros, 137/2007). Converting these goals into numbers, the TEP 

proposed: one computer per five students, one computer and video projector per classroom, one 

interactive whiteboard per three classrooms, and total broadband coverage until 2010 (Pedro, 2011).  

Politically, the plan had the great importance to promote the public schools as a place for equal 

opportunities, and quality of education (Duarte, 2015). 
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The TEP was developed following some European strategies and locally influenced by the economic 

power of some multinational companies, such as Microsoft, Intel, or Cisco. (Duarte, 2015). Although 

these pressures did result in a national scale, and highly expensive program, there were some problems 

in what concerns its implementation inside schools. One of the reasons pointed to justify the unfavorable 

environment for change, was the strong divergence between the teachers and their superiors at the 

government. (Duarte, 2015). Such divergence was responsible for the greatest teacher’s protest in 

Portugal (Portugal Diário, 2008).  

Professionals also referred how the project was a centralized decision imposed on schools, instead of 

something created as a local project responding to the local needs. There was a sudden transition from 

a traditional environment to a highly technological equipped school and the teachers were expected to 

accept the new technologies and be prepared to properly use the available assets without the fulfilled 

implementation of the planned training programs. A local team, composed by teachers, present in each 

school, was designated to help their colleagues in dealing with the new technologies, but their support 

was mainly for teaching how to use the equipment instead of how to integrate it in the teaching processes 

(Pereira, 2011). 

Presented by the OECD, the results from the Program for International Student Assessment (PISA) in 

2009, show that the students percentage with access to a computer at school was around 90% with 

Portugal as one of the best countries in this kind of statistics (OECD, 2011). Portugal presented great 

improvements in this report which warned attention from the media, and TEP was pointed as one of the 

reasons behind these results (Pereira, 2011). 

For such a program, there are important political concerns that strongly influence its implementation and 

success. This plan had a significant advertising role for José Sócrates’ governments. Still, it was not 

considered how changing the educational paradigm, in teaching and learning, by technologically 

equipping schools, would require a time that is not in line with the electoral cycle. The four years of the 

government were not enough to show results, and it seems that the following government strongly 

disinvested in the TEP (Duarte, 2015). 

After a 400 million euros investment, two million computers distributed, and three years of TEP, the 

education minister, Maria de Lurdes Rodrigues, considered that the work and study conditions highly 

improved with the plan implementation (Pereira, 2011). This opinion is inconsistent with the OECD’s, in 

their report Students, Computers and Learning: Making the Connection, published in 2015. This report 

stated that countries, like Portugal, which have invested heavily in the technological modernization of 

their schools, have not shown significant improvements in student achievement, regarding reading, 

mathematics or science (OECD, 2015). Although the school technology infrastructure in Portugal 

continues to stand out from the other countries (which is attributed to the implementation of TEP), the 

country is placed under the OECD average in statistics like: the index of technology use at school, or 

students and teachers using computers during mathematics lessons. In the same report, developed 

almost a decade after TEP approval, Portugal is far away from the top 5 countries regarding the ratio of 

number of students per computer; and the differences between advantaged to disadvantaged schools 

are significant at the student-computer ratio (OECD, 2015). 
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These results suggest that the availability of assets do not imply actual usage and that the TEP failed in 

some of its goals, either by disinvestment or not considering some local particularities, resulting in 

unattainable goals. However, the plan’s contribution to the technological modernization of schools is 

unequivocal (Duarte, 2015). 

Regarding the focus of this work, it is also important to refer how the TEP never focused on studying 

the technology acceptance by teachers, pointing only the lack of IT competencies as a barrier related 

to the professionals (Resolução de Conselho de Ministros, 137/2007). Nowadays, it is widely recognized 

how teachers are the key factor to successfully introduce technologies in schools (Chow, 2015; Comi et 

al., 2017; Sánchez-Prieto et al., 2017). Still, neither the TEP or previous projects considered strategies 

regarding the teachers’ motivation to use technology or how to improve it. Behind this reasoning is the 

belief that increasing the availability of technologies and the competencies to deal with them should be 

a prime concern and would lead to increased motivation to use (Pedro, 2011). 

2.2 Use of technology by Portuguese teachers 

Pedro (2011), in her doctoral dissertation, studied the educational integration of technologies by 

Portuguese teachers. The research concluded that the teachers from schools in which the TEP was 

fully implemented (equipped with the computers, video projectors, and interactive whiteboards) showed 

the same kind of usage for those equipments as their colleagues in schools with limited and obsolete 

equipment, which was using the technology for lesson planning. The study categorized the use of 

technology by teachers in different dimensions, such as: lesson planning, professional usage of e-mail, 

support to evaluation, or classroom usage. The use of technology in classroom is sometimes left behind 

due to the professionals’ preference to use technology in an isolated environment, rather than expose 

their lack of skill in front of their students.  

The European Schoolnet and the University of Liège (2012) published the results of a survey regarding 

the use of technology in education. From the analysis of the Portuguese results, it is possible to conclude 

that in Portugal the use of technologies by teachers is higher than the European average, since the 

percentage of teachers using technologies in at least 25% of their lessons varies from 38% to 69% 

(depending on the grade). It was also reported the teachers’ confidence in their skills with technologies 

(Figure 3), which is also higher than the European mean. The confidence with social media skills was 

rated as 2.59 (from 1 to 4) for all grades, while the confidence with operational skills has a mean of 3.46 

(from 1 to 4) for all grades. Finally, the report also shows how in Portugal the incentives or rewards 

provided to teachers who use technologies are inexistent in contrast to other European countries. 
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Figure 3 - Percentage of students by type of teacher (confidence/attitude and access/obstacles). Reproduced 
from European Schoolnet & University of Liège, (2012). 

In 2013, a census regarding the use of technologies in schools, concluded that in Portugal, in what 

concerns the percentage of students from the fourth grade whose teachers are comfortable in using 

computers in their teaching is 54.9%. However, the results are lower in what concerns the percentage 

of teachers with access to computer staff, or percentage of teachers who consider having support for 

integrating computers (Cosgrove et al., 2014).   

In contrast to what was observed at the time of TEP development, in 2013 only 9.2% of Portuguese 

secondary level teachers indicate they have a high need for professional development in “ICT skills for 

teaching”. According to the same report, the percentage of teachers who reported using technology with 

high frequency in lessons is 35%. It was tested if the characteristics “teacher of mathematics” and 

“teacher of humanities” could influence the use of technology. The odds ratios are below 1 for both the 

characteristics, which means that there is no substantial relationship between being a teacher either of 

mathematics or humanities and the use of technology. Then, the classroom context was tested as a 

factor able to influence the use of technology. It was concluded that, in Portugal, a classroom with 

students who present behavioral problems, or are from socio-economically disadvantaged homes, 

encourages the use of technology (OECD, 2014a).  

Also in 2013, a research team from Lisbon, reported the use of technology in Portuguese secondary 

schools. The studied schools revealed a high diversity in the technology use, questioning the equality 

of opportunities for the students. The research concluded that in Portuguese schools there is space for 

both teachers who use technologies in a regular basis and for those who hardly use it. Some differences 

were found related to the teachers’ conceptions, areas, and age. Finally, the study concluded that the 

availability of technological assets is important but not enough to promote the use of technology for 

pedagogical purposes (Abrantes et al., 2013).  

Duarte (2015) studied the utilization rates for the assets allocated by the TEP. The interactive 

whiteboards showed no significant usage by teachers, while the computers and video projectors present 

a high utilization rate (80.8%). This work also stated that 50% of the inquired teachers consider 

themselves active users of technology in their lessons.  

After all, the considerations on the technology usage by Portuguese teachers, by both national and 

international reports, place Portugal in great positions compared to other European countries. Still, this 

usage, namely the use of computers and video projectors, which contribute the most to the prominent 
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statistics, is significantly distinct from the use of technology to provide innovative learning methodologies 

of group work, such as game-based learning or project-based learning, or even the use of the interactive 

whiteboard, an asset allocated by the TEP which presents low utilization rates (Pedro, 2011; Duarte, 

2015). 

2.2.1 The evolution of technological assets’ availability 

As previously stated, the availability of technological assets in Portuguese schools was a prime concern 

for the TEP development, since the access-related barriers to the use of technology were of great 

significance at that time (Resolução de Conselho de Ministros, 137/2007). This section presents the 

available resources for the Portuguese teachers to integrate in their lessons.  

According to the most recent official report on technological modernization of schools, there are, in 

Portuguese schools (only considering mainland Portugal), 316 133 computers for educational purpose. 

These computers are both portable and desktop, having 64% of them more than three years and 85% 

internet access. The number of interactive whiteboards, already referred as the least used asset from 

the TEP, is 36 426, all over the country, with an average of 9 per school. Still, there are 49% of schools 

without interactive whiteboard (DGEEC & DSEE, 2017a). In Figure 4 it is possible to analyze the 

evolution of these values from 2007 until 2016.  

 

Figure 4 - The evolution of the number of computers for educational purposes in Portuguese schools. Data for 
2007-2008 from GEPE (2009), 2008-2009 from GEPE (2010), 2009-2010 from GEPE (2011), 2010-2011 from 

DGEEC (2012), 2011-2012 from DGEEC & DSEE (2013), 2012-2013 from DGEEC & DSEE (2014), 2013-2014 
from DGEEC & DSEE (2015), 2014-2015 from DGEEC & DSEE (2016), and for 2015-2016 from DGEEC & DSEE 

(2017a). 

There is a considerable drop from 2010-2011 to 2011-2012, probably justified by with the end of the 

TEP implementation period and the economic depression, along with the transfer of the computers from 

educational purposes to administrative purposes, since this last field has increased the number of 

computers in the same period. Although the investment in computers, started by the TEP, has 

decreased over the years, the investment in interactive whiteboards seems to have had a different 

behavior (Figure 5).  
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Figure 5 - Number of interactive whiteboards in Portuguese schools (blue) and percentage of schools equipped 
with interactive whiteboards (green). Data for 2007-2008 from GEPE (2009), 2008-2009 from GEPE (2010), 

2009-2010 from GEPE (2011), 2010-2011 from DGEEC (2012), 2011-2012 from DGEEC & DSEE (2013), 2012-
2013 from DGEEC & DSEE (2014), 2013-2014 from DGEEC & DSEE (2015), 2014-2015 from DGEEC & DSEE 

(2016), and for 2015-2016 from DGEEC & DSEE (2017a). 

The interactive whiteboard is the perfect example of how increasing the availability of a technology does 

not mean an increased use of it. The fact is that, in Portuguese schools, this kind of board has been 

used as a projection screen, and the teachers refer the lack of competences for the use of this specific 

technology (Machado et al., 2016).  

It is also important to refer that, for the available technological assets, the technical constraints are 

frequent, and the responsiveness for repairs or problem resolution is unsatisfactory. The technical 

support functions are usually taken over by more solicitous students or teachers (Pedro, 2011). 

2.2.2 Inside View - The Interviewees’ opinion on the use of technology by 

teachers and the available resources 

Ten teachers involved with the technological plan, members of the school board, or with other essential 

roles in schools, were interviewed to provide an inside view and important barriers to the use of 

technology for this study. Their opinions are relevant to, along with other conclusions taken from this 

chapter and the literature review, understand which variables are important to consider for the proposal 

of the research model.  

The interviewed teachers were first asked about the available technologies for them and their colleagues 

to work with. Their answers are synthetized in Figure 6. When asked to identify which of the invoked 

technologies were least used, teachers were unanimous in referring the interactive whiteboard, having 

the e-learning platforms, and tablets also been pointed out as not frequently used. 
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Figure 6 - Available technological resources in Portuguese schools. 

In what concerns the interactive whiteboard, P. Santos, classified it as a waste of money considering its 

low utilization rates (personal communication, March 1, 2018). According to the most recent data, 36426 

interactive whiteboards are present all over Portuguese schools (DGEEC & DSEE, 2017a). Such 

technology costs around 1500€ (Intermedia, 2018). So, a 54 million euros investment was made for the 

boards to be used as a projection screen. Again about this technology, P. Oliveira stated the lack of 

skills by teachers for its use and the higher dedication it demands (personal communication, March 19, 

2018). 

The interviews proceeded by inquiring the teachers about the available training opportunities for the use 

of these technologies. The teachers were, once again, unanimous in affirming that nowadays there is 

no appropriate training. C. Andrade classified the offer as residual (personal communication, March 11, 

2018). Pedro Santos pointed out how some of the available opportunities need to be paid by the 

teachers (personal communication, March 1, 2018). Which probably justifies T. Gomes’ opinion that the 

professionals involved are in lower number than required (personal communication, March 18, 2018). 

The directives from school boards or the minister concerning the use of technology by teachers seem 

to be absent. In what regards the technological plan and its contribute on the availability of technological 

resources, a decade after its approval, the teachers referred its merit at that time, but also pointed how, 

nowadays, those resources are obsolete, aged, and outdated. P. Oliveira stated how teachers are 

witnessing the death of these assets without the proper replacement (P. Oliveira, personal 

communication, March 19, 2018). 

Concerning the core of this study, the teachers were asked about the factors they consider significant 

barriers to the use of technology by themselves and their colleagues. The ageing of the teaching class 

was largely referred, along with lack of training and the discouragement with the profession. After this 

direct question, the teachers were asked to attribute a mark from 1 to 5 (“not relevant” to “significantly 

relevant”) to some factors that may represent barriers to the acceptance of technology (Figure 7). The 

factors with a higher value are age and training, followed by perceived usefulness, perceived ease of 

use, technical support, students influence, and job satisfaction. Job satisfaction is the factor which more 

teachers have classified with the maximum mark, meaning that an unsatisfied teacher would be less 

motivated to use technology.  
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Figure 7 - Interviewees' classification, from 1 to 5, for the importance of the presented factors 

The teachers agreed that, nowadays, technology is an essential part of the teaching process, enabling 

the classes to be more attractive and explanatory.  

2.3 The interactive whiteboard  

The interactive whiteboard stood out from the other technologies during the interviews, the investment 

in this technology was even classified as a waste of money. This fact is of great interest to this 

dissertation since it is a technology that is available to the Portuguese teachers (51% of the Portuguese 

schools are equipped with these assets (DGEEC & DSEE, 2017a)) and presents no significant usage 

(Duarte, 2015). Understanding the factors behind the low acceptance of this technology may prevent 

failures in the integration of future technologies.  

The investment in interactive whiteboards as a classroom tool is not exclusive to Portugal, England 

made a similar investment which led to a significantly increased presence of this technology in English 

schools. Similarly to Portugal, the interactive whiteboard in England is not necessarily used interactively. 

It is reported how this technology have been used to present examples like a traditional chalkboard, 

reinforcing a teacher-centered style of delivery (Jewitt & Moss, 2010).  

Türel, in 2011, calculated that there were about 50% of classrooms in Denmark, 47% in the Netherlands, 

and 45% in Australia, equipped with interactive whiteboards (Türel, 2011). Many studies about the 

integration and acceptance of the interactive whiteboards in schools, as well as its pedagogical potential 

have been published internationally, during this last decade, including from Germany (Schmid, 2009), 

Turkey (Balta & Duran, 2015), Brazil (Soares, 2010), Hungary (Biró, 2011), South Africa (Slay et al., 

2008), Taiwan (Meng, 2011), USA (Pourciau, 2014), Australia (Bennett & Lockyer, 2008), Flanders (Van 

Laer et al., 2014), or Saudi Arabia (Alghamdi & Higgins, 2015).  

The interactive whiteboard, also referred as “smart board”, was developed in 1991 and consists in an 

electronic whiteboard, attached to a video projector, which, with the help of a specific pen, is used as a 

touchscreen connected to a computer. This board allows the teacher to be placed in front of the board 
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instead of behind the computer. This technology is present in classrooms as an interactive tool for 

engaging students during lessons (Pourciau, 2014). Its software provides a variety of functions (Table 

1), and allows images from other technologies to be displayed on the board, those can be moved or 

transformed, producing enlarged and interactive images, animation, and text (Hennessy & London, 

2013). Regarding the software used on an interactive whiteboard, usually, the manufacturers provide 

solutions specifically designed for their technology, which can be acquired during purchase or 

downloaded from their websites. These solutions frequently offer, alongside with the specific tools, some 

teaching content and electronic classroom materials, such as educational games, electronic protractors 

or stopwatches, squared paper for use in mathematics, among others (Bannister, 2010). 

It was exposed before how the interactive whiteboard is mainly used, by Portuguese teachers, as a 

projection screen, which represents a failure in exploiting the innovative pedagogical advantages of this 

technology (Vita et al., 2018). The potential advantages are described as increased enjoyment and 

participation by students, as well as an easier explanation of complex concepts (Wong et al., 2015). It 

is particularly useful for teachers because it can help in demonstrating some skills (such as using a ruler, 

thermometer, or microscope) and in explaining processes and concepts with graphic and dynamic 

representations (Hennessy & London, 2013).     

Table 1 – Some examples of the tools of the interactive whiteboard. Data and images from Bannister, (2010). 

Tools Description Image 

Pen 

tools/highlighters 

The pen tools allow changes in 

the size, color, and properties of 

pen lines. These can be used to 

label diagrams or take notes on a 

blank page. 
 

Drag and 

Drop/Matching 

Allows to drag and drop objects, 

moving them around the screen. 

This allows creating many 

interactive exercises. 

 

Text/Handwriting 

Recognition 

The interactive whiteboard 

software can turn into text 

something that was written with 

the pen tool. It is also possible to 

convert that handwriting into 

another language, which can be 

useful to foreign language 

classes.  
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Tools Description Image 

Times/Stopwatches 

and Clocks 

These timers allow the teacher to 

manage the duration of some 

lesson segments and are 

programmed to play a sound at 

the end of an activity. 

 

Subject Tools 

These tools work like their real 

counterparts and can be used 

precisely. Many of these tools 

were developed around 

Mathematics and Science, 

although more recently some word 

generators, timeline makers, and 

spellcheckers were developed to 

other subject areas.  

Interactive 

Authoring 

Teachers can create activities that 

combine movement, sound, 

images and text, along with 

programming specific correct and 

incorrect answers. 

 

 

2.4 Characterization of the professional class  

There is a significant gender and age disproportion among Portuguese teachers. The average 

Portuguese teacher, considering the teachers from middle and high schools, is a woman around her 

50s, and with more years of teaching than the OECD average (Table 2) (OECD, 2014a). Since, the age 

is referred as an important factor for resistance to change, and specifically for the integration of new 

technologies (Abrantes et al., 2013), the significant ageing of this professional class in Portugal (in 

2015/2016 42.2% of the Portuguese teachers were more than 50 years old, and 39.7% of them were 

between 40 and 49. (DGEEC & DSEE, 2017b)) may give an outlook for the main study purpose. It is 

suggested that age should be considered as a variable to be used in the research model, as suggested 

by the results of the interviews.  

The time spent preparing lessons, correcting students’ work, and keeping order in the classroom is 

higher than OECD average, whereas the actual teaching class-time is lower (OECD, 2014a). One of the 

interviewees, C. Andrade, stated how the interactive whiteboard was the least used technology because 

of the dedication it demands (personal communication, March 11, 2018). The total working time per 

week for a Portuguese teacher is 44,7 hours, the second greatest value in Europe from the TALIS report, 

which includes the teaching time, lessons planning, marking student work, teamwork, and student 
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counselling (OECD, 2014a). Hence, it is easy to conclude that there is not that much time left for learning 

how to deal with interactive whiteboards or preparing specific materials for this technology. Regarding 

the job satisfaction, the sentence chosen by OECD to describe TALIS 2013’s results fits perfectly 

“Teachers love their job, but feel undervalued, unsupported, and unrecognized”. Portuguese teachers 

present lower levels of satisfaction compared with their international peers (OECD, 2014b). 

These statistics assume great importance in a study on the technology acceptance among a 

professional class. There are considerable differences in job satisfaction, age, and total working time 

per week when comparing Portuguese teachers with the OECD average. In what concerns the job 

satisfaction, the next section aims to provide more in-depth insights, by analyzing the most recent 

conflict between these professionals and their superiors. 

  Table 2 - The Portuguese teachers, their teaching practices, and job satisfaction. Data from OECD (2014a], 
except for teachers' age which comes from DGEEC & DSEE (2017b). 

TEACHERS PT OECD 
average 

Female teachers 73.2% 68% 

Teachers under 30 years old (lower and upper secondary education) 0.7% a   

Teachers above 50 years old (lower and upper secondary education) 42.2% a   

Average years of experience 19.4 16.2 

TEACHING PRACTICES     

Teaching time per week (hours) 21 19 

Total working time per week (hours)  44.7 38.3 

Individual time per week spent planning and preparing lessons 
(hours)  

9 7 

Time per week spent marking and correcting students' work (hours) 10 5 

Class-time spent on administrative tasks (such as marking 
attendance)  

8% 8% 

Class-time spent on keeping order in the classroom 15.7% 12.7% 

Class-time spent on actual teaching and learning tasks 75.8% 78.7% 

TEACHERS' JOB SATISFACTION     

Teachers who regret decided to become a teacher 16.2% 9.5% 

Teachers who would still choose to work as a teacher 71.6% 77.6% 

Teachers who wonder whether it would have been better to choose 
another profession 

44.5% 31.6% 

Teachers who believe the profession is valued in society  10.5% 30.9% 

a - values not reported 

 

One of the interviewed teachers, M. Dias, said that, from her point of view, the acceptance of a new 

technology by Portuguese teachers may be influenced by job satisfaction. Dias stated how the schools 

are nowadays full of aged teachers, undervalued by their superiors, and without great career 

perspectives, who are not willing to do more than reach the minimum requirements. These teachers are 

not motivated to invest in learning how to use a new technology that may require more working time, 

such as the interactive whiteboard (personal communication, March 26, 2018).  

Dias was referring to the most recent conflict with the government, which concerns the teacher’s career 

progression, which has been resulting in newspapers headlines and strike threats. As the year of 2018 
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started, and the aftermath of the economic crisis seemed to be fading away, the Portuguese civil 

servants had their careers “defrosted” (a “career freeze” means that, for a specified period, the 

employees have no right to the supposed career progression, with the respective wage increases). 

However, the teachers need the service time to be able to progress in their career, and the government 

intends not to consider the years in which the careers were frozen (Carriço, 2017). Put it simple, the 

government intends to erase, for career progression purposes, nine years and 124 days of work (periods 

of career freeze between 30th August 2005 to 1st January 2008, and 1st January 2011 to 1st January 

2018) (FENPROF, 2017). 

Ten levels compose the teaching career in Portugal, reaching the next level, which depends on the 

service time, comes with a salary increase. Because of these years of career freeze, and its inexistent 

reposition, when comparing the present level for a particular teacher with its supposed level, considering 

its service time, the monetary losses for the professional can reach 13 000€/year. These changes are 

resulting in a condition, for some teachers, in which they are not able to reach the highest career step, 

even if they work until the legal age limit (70 years old). Teachers refer to this attitude from the 

government as discriminatory when compared with other civil servants’ careers (FENPROF, 2017). 

2.5 Chapter conclusion 

This chapter provided an overview of the use of technology by Portuguese teachers and the technical 

resources available at Portuguese public schools for these professionals to integrate into their teaching 

practices. The technological education plan (TEP), approved in 2007, is responsible for bringing assets 

to schools during the past decade, overcoming the access-related barriers to the use of technology in 

education. Although, as stated by the interviewee teachers, these equipments need a quick reposition, 

because, in 2018, most of them are outdated.  

As the access-related barriers are overcome, the motivation-related barriers take place (as noted in 

2007) and this is the core of the present study. OECD reports, interviews, and thesis on this subject 

were analyzed to understand how Portuguese teachers make use of technology. It was possible to note 

that these professionals are skilled and confident in using technology, being the computer and the video 

projector the technologies most used. The opposite seems to happen with the interactive whiteboard, 

tablets, and some e-learning platforms. The interactive whiteboards represent a substantial investment 

by the minister, and although the implementation period of the TEP finished in 2011, the number of 

these assets in Portuguese schools remained growing over the years. The most recent numbers result 

in a 54 million euros investment for the interactive whiteboard to be used as a projection screen, being 

the pedagogical advantages allowed by its interactivity, and its many useful tools put aside. This finding 

was particularly interesting, since the availability is not a problem, and the teachers are active users of 

other technologies. What makes this technology different to the others to justify the lower acceptance 

by these professionals?  

The interviews with the teachers brought some factors that may affect the acceptance of a new 

technology. The most referred factors, and the ones which obtained a higher mark from the inquiry were 

age and training. Improving the teachers’ skills with technology was one of the core goals of the TEP. A 

decade after, the teachers note a declining offer, and some of the existent need to be paid by the 



17 
 

professional. The job satisfaction was the factor which more teachers have classified with the maximum 

mark (meaning “strongly related” with the acceptance of a new technology).  

After these interviews provided factors such as age, and job satisfaction, having one of the interviewees 

referred the discouragement felt in the profession as one of the barriers to explore the potential of a new 

technology, a section exploring this professional class is presented. The findings may summarize the 

Portuguese teachers as an ageing, undervalued, and dismayed class. These professionals spend more 

time working on administrative tasks, preparing lessons, marking students work, and keeping order in 

the classroom than their OECD’s peers, being the actual teaching time, and consequently the time to 

make use of technology in the teaching process, lower than the OECD average.  

This chapter brought not only important factors to be considered when choosing, or developing, the 

framework to be used in this study, but also a technology in which the acceptance questions may be 

focused, the interactive whiteboard. This technology is widely distributed in Portuguese schools and 

presents lower usage rates when compared to other technologies brought by the TEP. The interactive 

whiteboard is a classroom technology not only in Portugal but in many other countries, the cost-benefit 

analysis of such a device depends on the way it is used and integrated by teachers. The advantages of 

its use are the increased enjoyment and participation by students, as well as an easier explanation of 

complex concepts by resorting to graphical and dynamic representations. 
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3 – Literature Review  

Over the years, the study of technology acceptance has been relying on frameworks that suggest 

variables and relationships between them that by being applied to collect and analyze data from surveys 

to specific professionals, have been able to predict and explain technology usage and acceptance. 

Therefore, the evolution of the models and theories on technology acceptance needs to be revisited, as 

well as how they have been developed and extended, and the critics pointed to each one of them. It is 

also important to understand how the scientific community has decided on which framework or 

combination to use in studies regarding educational technology acceptance. This chapter intends to 

provide a basis for the selection or development of the framework to be used in this study.  

3.1 Theories and Models for Technology Acceptance  

3.1.1 Theory of Reasoned Action 

The Theory of Reasoned Action (Figure 8), introduced by Fishbein and Ajzen in 1975, was the basis for 

the development of TAM (see section 3.2.2) (Davis et al., 1989). By bringing concepts from the social 

psychology, this was one of the first theories developed to understand the acceptance of technology 

(Rondan-Cataluña et al., 2015). This theory makes use of the premise that humans, as rational beings, 

consider the consequences of their behaviors in the process of forming their attitude toward behavior. 

This attitude determines the behavioral intention (BI) (Hwang et al., 2015). Besides that, BI is also 

affected by the subjective norm (SN). SN refers to the perceived social influence of relevant peers to 

the individual, specifically their opinions on the performance of the behavior in question, and the 

motivation presented to comply with it. The normative beliefs (i.e. the perceived behavioral expectations) 

represent the least-understood part of the model at the time Davis developed TAM, and intent to explain 

the evaluation of the subjective norm by the individual. So, the subjective norm is the result of the 

multiplication between the normative belief and the motivation to comply with the peers, and by summing 

it to the attitude toward behavior, the BI is calculated (Davis, 1986). 

 

Figure 8 - Theory of Reasoned Action. Adapted from Fishbein & Ajzen, (1975) 

The TRA explains and predicts behavior, thus, can be used in various fields that may not be technology-

related. Kurland criticizes TRA because of the assumption that actions are totally under the individual’s 

control and this fails since systemic constraints can also moderate behaviors. According to the author’s 

research on the application of this theory, TRA is described as a strong predictor of behavioral intentions, 

but fails in predicting the actual behavior (Kurland, 1995). This theory is also criticized because it does 

not mention variables such as fear, mood, threat and previous experiences which affect behavioral 

intention (Momani & Jamous, 2017). In studies in which the behavioral intention and the behavior are 

measured at the same time, TRA is limited (Abbasi, 2011). Using TRA implies identify beliefs that are 
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significant regarding the behavior in study, since this is a general theory in which the beliefs are not 

specified (Al-Mamary et al., 2016). 

3.1.2 The Technology Acceptance Model - Development, Modifications and 

Extensions (TAM2 and TAM3) 

Fred D. Davis firstly developed the Technology Acceptance Model (TAM) in 1985 for his doctorate 

proposal. The goal was to understand the user acceptance processes and provide a model for the 

system designers and implementers to predict acceptance and usage of those systems before their 

implementation. Davis proposed that the actual use of a system can be explained by the stimulus given 

by its features and capabilities that creates motivation to use the system (Davis, 1986). TAM uses as a 

theoretical backdrop the Theory of Reasonable Action (TRA), proposed by Fishbein in 1967 and 

analyzed and refined by Fishbein and Ajzen in 1975 (Lai, 2017).  

The way beliefs are specified, modeled and measured varies from TRA to TAM. Also, both behavioral 

intention (BI) and subjective norms are excluded from the TAM’s first draft. BI was not included because 

Davis considered that when individuals have not formed an intention regarding a behavior, their attitude 

would better predict the choice than the BI (Davis, 1986). However, Davis kept developing this model 

throughout the years and in 1989, the researcher presented a new version of the TAM in which 

introduces the BI variable, previously omitted in the first draft. In this first modification to TAM (Figure 

9), BI is the main determinant of usage, being influenced by the person’s attitude toward using and the 

perceived usefulness. The model recognizes that there may exist other factors influencing the user’s 

decision and state them as external variables (Lai, 2017). Perceived usefulness and perceived ease of 

use, concepts brought by Davis, are defined as the way a professional believes that the use of a specific 

system would affect his or her job performance (PU) and the belief that a system would not require a 

physical or mental effort (PEOU) (Davis, 1986).  

 

Figure 9 – The Technology Acceptance Model. Adapted from Davis et al., (1989) 

In 1996, Venkatesh and Davis studied the antecedents of PEOU. At that time, TAM was being widely 

used to predict the user acceptance of new technologies, and the authors found important to further 

study the perceived ease of use, since it is a determinant of intention to use and perceived usefulness. 

The model used (Figure 10) included the external variables, which the authors stated that may refer not 

only to the design features, but also the training, the nature and implementation process (Venkatesh & 

Davis, 1996). This final version of TAM removed the attitude toward using (ATU) construct from the 

Davis’ 1989 TAM, based on the finding that both perceived usefulness and perceived ease of use have 
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a direct influence on BI and that the effect of attitude decreases over time (Rondan-Cataluña et al., 

2015).  

 

Figure 10 - Final version of TAM. Adapted from Venkatesh & Davis, (1996) 

Venkatesh and Davis carried on the research about technology acceptance and adoption, and in 2000, 

aiming to improve the understanding of user adoption behavior, the authors developed and tested a 

theoretical extension of TAM, based on the two pillars: social influence processes and cognitive 

instrumental processes, resulting in TAM2 (Venkatesh & Davis, 2000). TAM2 complements TAM based 

on the premise that humans behave in a way that furthers their higher-level goals (Hwang et al., 2015). 

This new model comes into scene after consistent findings in which perceived usefulness was a key 

determinant of intention to use, due to this, some variables that influence PU are added (Figure 11). The 

social influence processes result in variables like subjective norm, voluntariness and image (the 

individual’s desire to maintain a favorable social standing). The cognitive instrumental processes 

brought the variables job relevance (applicability of the technology in study), output quality (if the 

technology was helpful), result demonstrability and perceived ease of use (Marangunić, N., et al. 2015). 

Voluntariness is a moderating factor of the subjective norm and it was introduced to account for 

technologies that are mandatory for the user (Hwang et al., 2015).  

 

Figure 11 - Technology Acceptance Model 2. Adapted from Venkatesh & Davis, (2000) 

TAM2 suggests that in mandatory contexts, subjective norm has a direct linkage to the intention through 

compliance (Li, 2010). Compliance refers to a response to a request that may be implicit or explicit in a 

context which the target recognizes that is being urged to respond in a desired way (Cialdini & Goldstein, 

2004). This means that if there is a reward/punishment feedback on performing or not the desired 
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behavior, the social influence of compliance will occur and the individual will use the system. In contrast, 

in voluntary contexts, social influences on intention occur indirectly through internalization (incorporation 

of important referent’s belief into own belief structure) and identification (expectation of having a gain or 

a higher status within a group by performing a behavior) (Li, 2010). The results revealed that TAM2 

performed well in both voluntary and mandatory environment (Lai, 2017).   

In 2008, Venkatesh and Bala combined TAM2 and the model of the determinants of perceived ease of 

use, developed by Venkatesh in 2000, and came up with an integrated model of technology acceptance, 

the TAM3. This new model brought a complete network of the determinants of technology adoption and 

use (Venkatesh & Bala, 2008). The model is formulated based on a theoretical framework that the 

authors claim to be a synthesis of all prior research in this field and includes four different types of 

determinants for PEOU and PU: individual differences, system characteristics, social influence and 

facilitating conditions (Alomary & Woollard, 2015). TAM3 (Figure 12) suggests that experience is a 

moderating factor between: perceived ease of use (PEOU) and perceived usefulness (PU), computer 

anxiety (new variable) and PEOU, PEOU and BI (these relationships were proposed by TAM3’s authors, 

and are indicated with the green lines in the figure) (Al-Mamary et al., 2016). The research in technology 

adoption has been adding some new variables to the Technology Acceptance Model, so the model 

would better apply to the context of the studies (Chen et al., 2011). Baenbasat and Barki claim that 

these extensions have only created confusion (Baenbasat & Barki, 2007).  

In summary, TAM brings the factors in which the users base their decision on when and how to use a 

specific technology. The concepts of perceived ease of use (PEOU) and perceived usefulness (PU), 

brought by Davis in 1986, remained during the years as the key to predict potential users’ behavior. 

Usually, all TAM, TAM2 and TAM3 are applied in voluntary contexts, where users believe they have a 

choice regarding the usage or not of a system, but the mandatory contexts are also relevant to study 

(Al-Mamary et al., 2016).  
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Figure 12 - Technology Acceptance Model 3. Adapted from Venkatesh & Bala, (2008) 

3.1.3. Technology Acceptance Models – Criticism  

A research proposing a mix between TAM and Task-technology fit model referred the lack of task focus 

as a weakness of TAM, so the authors came with the proposal of explicitly include task characteristics 

at TAM’s usefulness concept (Dishaw & Strong, 1999). This argument of modify TAM to include more 

variables is also supported by Legris, Ingham and Collerette who performed a meta-analysis aiming to 

integrate many results and determine its homogeneity. The results from such analysis suggested that 

TAM should be modified to include other constructs since it can explain consistently only 40% of system 

use, still, the authors claimed TAM as useful model (Legris et al., 2003). 

In 2007, Richard P. Bogozzi published an article in which TAM was studied and criticized. At that time, 

the study of technology acceptance was reaching a stage of chaos with fragmented knowledge. The 

main critics of TAM point to its simplicity, that was considered a barrier when dealing with a wide range 

of technologies, adoption situations and differences in both decision making and makers. Also, it is 

referred that the main works developed to improve this model have essentially added predictors for 
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either PU or intentions. The author found a lack of literature in explaining PU and PEOU, redefining the 

existing variables and how those variables produce their effects (Bagozzi, 2007).  

Concerning the extension TAM2, this brings new constructs to the original model, which brought a 

clearer view of the issues hidden in the TAM. TAM2 explained 60% of the variance in the acceptance 

behavior, which is higher than the original TAM. Still, this new model keeps some limitations of its 

predecessor, such as considering that there is limitless freedom in intention to act. TAM2 is also 

criticized because it only adds constructs to the PU (Abbasi, 2011).  

In summary, TAM represents a quick and inexpensive way to evaluate an individual’s perception of a 

technology. This model is generally referred as parsimonious and easy to apply, but one must pay the 

trade-off of losing some information, because of some lacking variables (Samaradiwakara & 

Gunawardena, 2014). On the other hand, TAM3 is criticized because it has too many variables and 

relationships between them (Alomary & Woollard, 2015). 

3.1.4 The Theory of Planned Behavior – Development, The DTPB and Criticism 

The Theory of Planned Behavior (TPB) (Figure 13), proposed by Ajzen in 1991, attempts to overcome 

some limitations of the TRA in dealing with behaviors in a mandatory context (Kurland, 1995), by adding 

it the variable Perceived Behavioral Control (PBC) to the constructs attitude and subjective norm 

(Sharma & Mishra, 2014). TPB is a widely cited and applied theory, it refers the intention as the main 

predictor of actual behavior, being this intention determined by attitude toward behavior and subjective 

norm, as well as the PBC (reflects the perceived internal and external constraints on behavior) (Al-

Mamary et al., 2016). 

 

Figure 13 - Theory of Planned Behavior. Adapted from Ajzen, (1991) 

These three components, attitude, subjective norms and PBC, explain behavioral intention before the 

behavior occur. This theory analyzes the consumer expected behavior, considering that their decisions 

reflect the maximization of the benefits of the different courses of action. It is considered one of the most 

efficient theories to predict human behavior (Al-Mamary et al., 2016), and is an example of a social 

psychological theory that has been applied to understand the technology acceptance (Li, 2010).  

TPB aggregates control beliefs (the perceived presence of factors to facilitate or not the performance of 

a behavior) into the single construct PBC, while the research suggests that there might exist additional 

factors that may account for variance in predicting the behavioral intention and the actual behavior 
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(Abbasi, 2011). Besides that, the theory does not consider the environmental or economic factors that 

may influence the behavioral intention (Truong, 2009). 

After some limitations regarding the operationalization of the PBC were pointed to the TPB, Taylor and 

Todd proposed the Decomposed Theory of Planned Behavior (DTPB) in 1995 (Abbasi, 2011). Since in 

this new model the predictors of the TPB are combined with constructs from TAM, such as perceived 

usefulness and ease of use, this theory is also called Combined TAM and TPB (Li, 2010).  

The DTPB (Figure 14) decomposes the dimensions of attitude, subjective norm and perceived 

behavioral control into specific belief dimensions. Taylor and Todd proposed a set of attitudinal belief 

dimensions, derived from the existent literature, such as perceived usefulness, perceived ease of use, 

and compatibility (if an innovation fits the adopter’s existing values, previous experiences and needs) 

(Taylor & Todd, 1995).  

 

Figure 14 - Decomposed Theory of Planned Behavior. Adapted from Taylor &Todd, (1995) 

The subjective norm construct was decomposed into two groups with a significant impact on the decision 

to accept a new technology, namely peers and superiors. When there are opposite opinions between 

the two groups, the subjective norm effect is canceled (Taylor & Todd, 1995). The decomposition of 

perceived behavioral control was made into self-efficacy and facilitating conditions, respectively, internal 

and external control beliefs (perceived factors that influence the performance of a certain behavior). The 

facilitating conditions are divided into two groups, resource facilitation (like time and money) and 

technology facilitation (related to suitability) (Abbasi, 2011).  

DTPB is considered less parsimonious and more complex than the original models, even though, it 

brings a richer picture of the acceptance phenomenon (Hwang et al., 2015). This theory, just as the 

TPB, has the limitation of considering that the behaviors are planned before (Momani & Jamous, 2017). 

The authors claimed that this theory provides an increase in the explanation of the behavioral intention 

comparing to both TAM and TPB (Taylor & Todd, 1995).  
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3.1.5 The Motivation Model  

The Motivation Model was developed, in 1992, by Davis et al., applying the motivational theory to the 

study of IT adoption. The model postulates that there are both intrinsic and extrinsic motivations that 

influence behavior of the user. The intrinsic motivations refer to joy or satisfaction brought by performing 

that behavior. On the other hand, the extrinsic motivation refers to the perception a potential user has 

on how important performing a certain behavior may be regarding its outcomes, such as improved job 

performance or possible rewards/promotions. The constructs of perceived usefulness, ease of use and 

subjective norm are examples of extrinsic motivation (Sharma & Mishra, 2014). The factor job 

satisfaction, referred in the previous chapter as one of the most important barriers to technology 

acceptance by Portuguese teachers, according to the interviews, is a form of extrinsic motivation. This 

model has been applied to motivational studies, learning and healthcare, but does not seem to be so 

effective on technology acceptance field, because of some lacking factors (Momani & Jamous, 2017). 

3.1.6 Unified Theory of Acceptance and Use of Technology – Development, 

UTAUT2, and Criticism 

In 2003, Venkatesh et al., developed a new theory, aiming to compact all the previous knowledge on 

this field of technology acceptance, the Unified Theory of Acceptance and Use of Technology (UTAUT) 

(Al-Mamary et al., 2016). This theory focuses on four significant constructs seen as determinants of 

acceptance and that directly affect behavioral intention (BI) – performance expectancy, effort 

expectancy, social influence, and facilitating conditions. Just like the TRA and TAM, the actual behavior 

(i.e. actual use of the technology) is determined by the BI. However, in this theory the facilitating 

conditions are also a determinant of the actual behavior (Figure 15) (Rondan-Cataluña et al., 2015). 

Besides the four key constructs, the UTAUT includes four moderators – gender, voluntariness, 

experience, and age (Sharma & Mishra, 2014). 

The performance expectancy refers to the belief that, by using a specific system, the job performance 

will increase, like the concept of perceived usefulness from TAM. The effect of the performance 

expectancy on behavioral intention seems to be greater on younger men, being moderated by gender 

and age, just like the effort expectancy (identical to the perceived ease of use), although in this case, 

the effect is greater for younger women (Venkatesh et al., 2003). The social influence refers to the 

perception of those who are important to the potential user and have influence on his/her work and their 

opinions on the usage, similar to the subjective norm concept. The authors found that all the four 

moderators interfere in this relationship between social influence and the behavioral intention. The effect 

is stronger for older inexperienced women in mandatory contexts. The facilitating conditions (the 

resources present or not to facilitate the use of the system) are moderated by age and experience in its 

relationship with the actual behavior, being the effect stronger for older and experienced potential users 

(Abbasi, 2011). 

The authors claim this theory to be superior to its predecessors as it can explain around 70% of the 

variance in the acceptance behavior against 30 to 40% of the previous theories (Venkatesh et al., 2003). 

Nevertheless, UTAUT is criticized because of the statement that the theory is well-meaning and 

thoughtful presented, since researchers consider there are too many independent variables (Bagozzi, 
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2007). Although UTAUT is considered less parsimonious than its predecessors, it presents a vague 

grouping of items to measure the constructs, which brings problems to understand how this variety of 

items replicates in one single construct (Raaij & Schepers, 2008). This theory has been used mainly for 

theory-building, according to a review in 2011 (Sharma & Mishra, 2014).  

 
Figure 15 - UTAUT. Adapted from Venkatesh et al., (2003) 

In 2012, Venkatesh et al. proposed an extension of the UTAUT, the Unified Theory of Acceptance and 

Use of Technology 2 (UTAUT2), so it would be more suitable to studies with consumers (Venkatesh et 

al., 2012). For this study, with focus on organizational use of technology, there is no advantage in explore 

this framework.  

3.2 Models comparison – What makes a model better than the others? 

This section aims to compare the most used theories and models regarding technology acceptance. 

Selecting the appropriate framework to use in a study from this multitude of models is a critical task for 

researchers. There are the possibilities of pick constructs among the theories and models or choose 

one of them, ignoring the contributions of the alternatives (Venkatesh et al., 2003). The previous chapter 

presented the relevant theories on technology acceptance, which are similar in their structure, but differ 

in the explanation of behavior. To summarize, Table 3 presents the main positive and negative aspects 

of all the theories referred.  

These models are usually tested by using data collected from surveys which is analyzed through 

structural equation modelling (SEM), a method that includes confirmatory factor analysis, principal 

component analysis, path significance analysis, and latent growth modeling (Kline, 2010). According to 

the literature, although each theory has its specific advantages and disadvantages, the strength of these 

theories and models is measured by the R2 (coefficient of determination). This coefficient gives the 

percentage variation in actual behavior/usage explained by the variables of the model (Steel & Torrie, 

1960). It is also important for a model to be evaluated in terms of its parsimony (i.e. presents few number 

of variables), which suggests that the model will be easier to understand (Abbasi, 2011). The path 

significance (regards the relationships between variables stated by the models) is also measured in 

comparison studies, as well as the overall fit (measured by tests such as the Chi-square, Adjusted 

Goodness of Fit Index, or Relative Non-Centrality Index) (Taylor & Todd, 1995).  
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Table 3 - Theories for technology acceptance - positive and negative aspects. Developed by the 
author. 

Reference Theory/Model Positive Aspects   Negative Aspects 

Fishbein & 
Ajzen 
(1975) 

Theory of 
Reasoned 
Action   

• Explains insights into 
behavior. 

• Can be used in various fields.  

• Strong to predict behavioral 
intentions.  

• Assumes that behaviors 
are under volitional control. 

• Fails at predicting actual 
behavior. 

• Does not specify beliefs 
to be used in the study. 

Davis et 
al. (1989) 

Technology 
Acceptance 
Model  

• Considered a useful and 
highly reliable model.  

• Specific to information 
system research. 

• Widely used and tested.  

• Easy to apply 

• Too parsimonious to 
deal with a wide range of 
technologies.  

• Some variables are 
lacking. 

Ajzen 
(1991) 

Theory of 
Planned 
Behavior  
 

• Greater ability to predict 
behavior than the TRA.  

• Brings the important concept 
of perceived behavioral 
control.  

• It is considered one of the 
most efficient theories to 
predict human behavior. 

• Additional factors seem 
to be lacking to explain the 
variance between behavioral 
intention and actual behavior. 

• Limitations regarding the 
operationalization of the PBC.  

Davis et 
al. (1992) 

Motivation 
Model  

• Brings important concepts 
from the motivational studies, 
useful for model building.  

• Does not seem to be so 
effective on technology 
acceptance studies.  

Taylor & 
Todd 
(1995) 

Decomposed 
Theory of 
Planned 
Behavior  

• Provides deeper insights to 
the acceptance phenomenon 
than the predecessors 
models.  

• Better explanatory power 
than TAM and TPB.  

• More complex than the 
original models (TPB and TAM).  

• Considers that 
behaviors are planned before.  

• More difficult to apply 
than both original models.  

Venkatesh 
& Davis 
(2000) 

Technology 
Acceptance 
Model 2 

• Specific to information 
system research. 

• Better than TAM at explaining 
variance in BI and behavior.  

• Adopted in a variety of areas. 

• Does not overcome 
some of the limitations of TAM, 
specifically regarding the lacking 
variables and explanations.  

• Only brings additional 
constructs to perceived 
usefulness.  

Venkatesh 
et al. 
(2003) 

Unified Theory 
of Acceptance 
and Use of 
Technology 

• Better explanatory power 
than other technology 
acceptance theories. 

• Aggregates the previous 
knowledge and positive 
aspects of the previous 
technology acceptance 
theories.  

• Too many independent 
variables.  

• More difficult to apply 
than some of its predecessors. 

Venkatesh 
& Bala 
(2008) 

Technology 
Acceptance 
Model 3 

• Brings additional constructs 
to the perceived ease of use 
as opposed to the previous 
model.  

• Gives a complete network of 
the determinants of 
technology adoption and use.  

• Too many variables. 

• More difficult to apply.  

• Too many relations 
between the variables.  
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3.2.1 Comparison between TRA, TPB, DTPB and TAM 

TAM is a succession of the TRA, both present the limitation of assuming volitional control from the 

potential user. The inclusion of perceived ease of use and perceived usefulness to predict attitude, in 

TAM, makes this model better than its predecessor (Abbasi, 2011). In its literature review, Lai refers 

TAM as favorable compared to the TRA (Lai, 2017). 

Chen et al. (2011) came out with a literature review on the Technology Acceptance Model’s recent 

research and argued that TAM is more suitable to online contexts than other models like Theory of 

Reasoned Action (TRA) and Theory of Planned Behavior (TPB) because of the concepts of ease of use 

and usefulness and is more robust in information system applications.  

Comparing the TAM with the TPB, the context of the study regarding the voluntariness of the potential 

users in using the technology seems to play an important role. In a research conducted by its author, 

TAM was found less satisfactory at explaining external beliefs, which suggests that is less effective in 

mandatory contexts (Davis et al., 1989). By including the construct perceived behavior control, the TPB 

has slightly better performance than TAM in mandatory settings (Taylor & Todd, 1995). Another strength 

of TPB when compared to TAM is the focus on intention which is able to provide to researchers a more 

comprehensive view of the belief systems (Teo et al., 2016). After all, TPB has a bigger spectrum of 

application, but TAM is easier to use and better at explaining the variance between usage intentions 

and behavior (around 40%) in many researches, keeping a parsimonious structure (Venkatesh & Davis, 

2000).  

When Taylor and Todd (1995) compared the models TAM, TPB and DTPB, the decomposed theory 

showed the best results regarding the coefficient of determination for the constructs behavior, behavioral 

intention, attitude, subjective norm and PBC, which means a better predictive power. The conclusion of 

the study was that all the three models fit the data and similarly explain usage. Typically, when both fit 

statistics and the explanatory power are equivalent between models, the most parsimonious should be 

selected. The authors considered that, although less parsimonious, DTPB, by decomposing the belief 

structures, was better at diagnostic than TPB. Between TAM and DTPB, the conclusion was that if the 

objective is to purely predict and understand IT usage, then TAM is preferable. On the other hand, DTPB 

is better at explaining the determinants of intention. 

In Timothy Teo’s book about Technology Acceptance in Education, Smarkola presents a study in which 

teachers’ computer usage beliefs and intentions were analyzed. Also in this study, the models TAM and 

DTPB were compared. The conclusion was clear in presenting the DTPB as a better model for predicting 

teachers’ intentions (Smarkola, 2011).  

Still, for this dissertation, the research model should be more parsimonious than the DTPB because of 

the unpredictability of the sample size, and DTPB lacks some important variables brought by the 

previous chapter. Since the use of the interactive whiteboard by Portuguese teacher is not mandatory, 

and the importance to use a parsimonious model, from this set of models, TAM is the most suitable for 

this research, but the focus on intention rather than the actual usage, may be considered. 
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3.2.2 Comparison between TAM, TAM2, TAM3 and UTAUT  

The main difference between UTAUT and TAM is that the first focuses on individual factors that 

determine the technology usage, while TAM regards the technology factors and perception of the 

potential user (Sotelo & Livingood, 2015). By performing a bibliometric comparison of TAM and UTAUT, 

in 2010, it was concluded that both theories are being applied in similar fields but seems that there was 

a focus shift from TAM to UTAUT because of the criticism on the over-utilization and emphasis on TAM, 

so the chances of papers submission acceptance would be higher (Dwivedi et al., 2010). 

Comparing to the other TAMs, TAM2, and TAM3, the original theory has a significant higher number of 

citations, which is also verified when comparing to UTAUT. This fact is important for the decision on 

which of the theories a study should rely on, because it is assumed that more citations mean more 

validation on the literature and, consequently, a more robust theory. Another factor in which TAM stands 

out from the other theories is fecundity (i.e. a measure on how much a framework has been used for the 

development of new theories). If a mandatory context is at stake, then it seems that UTAUT is more 

suitable than TAM (Mardiana et al., 2015). Regarding the UTAUT model, it is important to consider that, 

as for any other of these models, some good results on a study may not be enough to justify the 

framework usage, since the results depend on the participants’ previous experiences and their cultural 

context (Khlaif, 2018). Because of that, Göǧüş et al. presented a study on the educational technology 

acceptance across cultures, validating the use of UTAUT for the Turkish educational technology 

acceptance context (Göǧüş et al., 2012). 

Sánchez-Prieto et al. (2016) stated that TAM was successful in studies with both students and teachers 

and it is by far the most popular of the technology acceptance theories and models. Being TAM2 and 

TAM3 not frequently used. 

Abbasi (2011) compared TAM2 with UTAUT and referred how both these theories were stronger in 

explanatory power than the original TAM but were less parsimonious. At the most recent papers, UTAUT 

is claimed as better in explanatory power than TAM, TAM2, and TAM3 (Samaradiwakara & 

Gunawardena, 2014; Rondan-Cataluña et al., 2015).  

Considering this research, between TAM and UTAUT, the first is the most suitable, since it is more 

parsimonious, and UTAUT makes use of some variables that do not properly fit the context such as 

voluntariness, or gender (as suggested by the previous chapter). 

3.3 Technology acceptance studies applied to teachers 

3.3.1 The most important variables to be considered  

The technological development demands an effort from the educational professionals to adapt to the 

new tools available. The new programs for technology integration in education (such as TEP) depend 

on the teachers’ acceptance to succeed. The Technology Acceptance Model and its succeeding models 

have been applied with an increasing frequency in the educational sector, focusing on both students 

and teachers, being this research field on an early stage of exploration and with a growing interest 

(Sánchez-Prieto et al., 2017). 
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Paul Chow, in his work about the teacher’s attitudes towards technology in the classroom, points some 

reasons teachers present for sidelining a technology: lack of training, lack of comfort, belief that there is 

no need to use technology to help students, and the teaching style. The author concluded that age does 

not have a role on the perception of comfort with a technology (Chow, 2015), which is interesting since 

in the previous chapter the interviewee teachers have identified age as one of the most important 

barriers to technology acceptance. 

Timothy Teo is a recurrent referenced author in studies with teachers, the author has 146 published 

research items with substantial literature concerning the technology acceptance (ResearchGate, 2018). 

The author developed, in 2010, a framework called TAMPST (Technology Acceptance Measure for Pre-

service Teachers) which suggests that the most important factors for this field are perceived usefulness, 

perceived ease of use, subjective norm, facilitating conditions and attitudes toward computer use (Teo, 

2010). In 2014, Teo adds to the previous list the perceived support (i.e. if there is help readily available 

when needed) (Teo, 2014).  

In 2017, a research group performed a systematic literature review to analyze the technology 

acceptance by teachers. The results pointed out three factors with significant reported influence in the 

technology adoption: the facilitating conditions, the self-efficacy, and the subjective norm; these are 

frequently added to the TAM on studies to determine the technology usage by teachers. The conclusion 

was that not only the schools need technological and human resources to help the integration of a new 

technology, but also, teacher training programs are needed focusing on the benefits derived from the 

usage (Sánchez-Prieto et al., 2017). This is consistent with Khlaif conclusion that teachers were more 

open to use technology when they could understand its benefits, which were known from other teachers 

and the training programs (Khlaif, 2018). 

Radovan and Kristl tested teachers’ acceptance of e-learning by integrating the UTAUT with the 

community of inquiry framework. The authors referred the variables performance expectancy, social 

influence, and facilitating conditions as the most significant (Radovan & Kristl, 2017).   

Decision makers and administrators are seeking the benefits of technology in educational practices. 

Still, the technology acceptance barrier needs to be overpassed, since the integration is largely 

dependent on teachers (Kiraz & Ozdemir, 2006). Variables such as perceived ease of use, perceived 

usefulness, attitude, subjective norm, perceived behavioral control, technical support, and facilitating 

conditions have shown significance to predict intentions to use technology (Kiraz & Ozdemir, 2006; Teo, 

2010; Teo, 2014; Teo et al., 2016 Sánchez-Prieto et al., 2017). This list of variables has a lot in common 

with the variables pointed out by the interviewees on the previous chapter: students’ influence (can be 

seen as a form of subjective norm), technical support, perceived ease of use, and perceived usefulness. 

3.3.2 The acceptance of the interactive whiteboard 

Some relevant recent studies regarding the teacher’s acceptance of the interactive whiteboard are 

summarized at the table below (Table 4), detaileding their frameworks and main findings, as well as the 

country in which those were performed. This review intends to give insights on the framework to be 

chosen or the most important variables to be included in the research model.  
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Table 4 - Summary of some relevant work in teacher acceptance of the interactive whiteboard. Developed by the 
author. 

Reference Country Framework used Findings 

(Šumak & 

Šorgo, 2016) 

Slovenia UTAUT with extensions: were added 

the variable attitude towards usage and 

two moderator variables “user type 

“and “teaching experience”. 

The model proposed was validated and 

significant differences were found 

between pre- and post-adopters of the 

interactive whiteboard. 

(Tatli & Kiliç, 

2016) 

Turkey Quantitative research.based on a 

three-factor usage level scale.   

There was no significance relationship 

between either gender or subject areas 

and the usage of the interactive 

whiteboard features. On the other hand, 

there was significance between both 

teaching experience and training with 

the usage of the interactive whiteboard. 

(Wong et al., 

2015) 

Australia Based on previous models of 

technology acceptance, includes the 

variables technology self-efficacy, 

performance expectancy, effort 

expectancy, social influence, facilitating 

condition, and behavioral intention. 

The major determinant of intention was 

performance expectancy, followed by 

technology self-efficacy, effort 

expectancy and social influence. The 

model was validated and accounted for 

43% of the variance in intention to use 

the interactive whiteboard. 

(Raman et al., 

2014) 

Malaysia UTAUT model without the original 

moderators and the variable actual 

behavior (or use behavior). 

The performance expectancy and the 

facilitating conditions were found 

determinants of the behavioral intention. 

The study also found that the teachers 

consider the interactive whiteboard 

difficult to use and operate. 

(Wong et al., 

2014) 

Australia Interactive Whiteboard Acceptance 

Scale which includes the variables 

performance expectancy, effort 

expectancy, social influence, facilitating 

conditions, and self-efficacy 

The five-factor structure of the 

acceptance scale explained 70.98% of 

the total variance, being the framework 

validated.  

(Saltan & 

Arslan, 2013) 

Turkey The model was based on the TAM from 

which included the variables perceived 

ease of use, perceived usefulness, and 

attitude towards interactive 

whiteboards. 

The teachers find the interactive 

whiteboard easy to use and useful which 

contributed to a positive attitude towards 

the usage of the technology. The 

authors suggest that the usefulness is 

particularly important and if the usability 

problems are resolved, more teachers 

are willing to use the board. 

(Wong et al., 

2013) 

Australia UTAUT without the actual usage (or 

use behavior) variable and the 

moderators age, gender and 

voluntariness of use. 

The model accounted for 59,6% of the 

variance in intention to use the 

interactive whiteboards. Performance 

and effort expectancy are relevant.  
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Some of these studies follow an investment made by the local governments in equip schools with the 

interactive whiteboard, having in mind the pedagogical advantages of this technology (Šumak & Šorgo, 

2016; Tatli & Kiliç, 2016; Wong et al., 2013). To test the proposed model and hypothesis the most used 

technique among the described studies is the structural equation modeling (SEM) (Šumak & Šorgo, 

2016; Wong et al., 2015; Wong et al., 2014; Wong et al., 2013). This modeling technique will be applied 

to data analysis in this research, if sample size requirements are met, since it gives more precise 

measurements of the items and constructs in the survey than traditional data analysis techniques (Teo 

et al., 2016). 

3.4 Chapter Conclusions 

The study of technology acceptance has been bringing into play theories and models with influences of 

motivation and human behavior studies. The constructs of the most common theories and models were 

defined and some of them are recurrent on different frameworks, even when presented with different 

names. Some relationships between variables, such as the one between attitude and behavioral 

intention, are strongly supported by the literature. This review is important either to choose one of the 

theories to be used in the study or to support the proposed model with variables and relations that were 

previously tested and considered significant.  

Along with the problem description chapter, this literature review provides a basis to select the 

framework to be used in the study and the most important variables to be considered. The context plays 

an important role on this decision, but by crossing data from this chapter and the previous one, it is 

possible to conclude that there is no such thing as a perfect model to use. In this study it is particularly 

important the parsimony of the model used, since the data collection will rely on surveys and, at this 

point of the research, the response rate is unpredictable, so it is probable that not enough data will be 

collected to be used in a more extended model. 

The teachers’ technology acceptance is a field with growing interest and relevant to the decision makers 

and administrators that aim to integrate technology in education. The benefits of technology on the 

teaching and learning processes seem dependent on the way technology is used and accepted, which 

gives importance to this kind of study. It was concluded that the most used model is TAM, but frequently 

some context-related variables need to be added. The UTAUT has also been used successfully, just as 

DTPB or other extended versions of the TPB. Extend TPB is referred as the best option for the 

educational field since fits the requirements of parsimony, ability to measure individual variables, and 

emphasizes on intention which brings more insights on the belief systems. However the UTAUT has 

been widely used in studies regarding the acceptance of the interactive whiteboards. For this 

dissertation, UTAUT brings important moderating variables to this professional class, such as age, and 

gender, but the advantage of the mandatory context, commonly referred to as a strong advantage of 

this theory, is not present.  

Since a strong literature background is demanded for the framework to be used in this study, as well as 

a parsimonious model able to embrace context-related variables, the TAM will be used as the basis for 

the research model. The extensions applied to TAM should also rely on the literature, since using paths 

consistently supported by previous studies is expected to provide a more robust model. Those added 



33 
 

variables arise from the problem definition chapter with the interviews, the study of successes and 

failures in providing new technologies to teachers and the professional class characterization.  

Another important modification to TAM was suggested in this literature review - the research model 

should focus on the usage intention by using it as the main dependent variable, which it was referred to 

as able to bring a more comprehensive view of the belief systems. Also, favoring the choice of the usage 

intention rather than the actual usage is justified due to the availability of the interactive whiteboard, 

considering that a teacher may not be allocated, every school year, to a classroom equipped with this 

technology. Remmembering that there is an average of 9 of these boards per school, as stated in the 

previous chapter.  
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4 -  Research Methodology 

Following the problem definition chapter, in which professionals were the context for this study was 

provided, and the literature review, in which teoretical background was presented, this research 

methodology chapter aims to propose a model, along with the data collection and data analysis 

procedures to be followed in this dissertation. 

4.1 – Proposed Model and Hypotheses 

The proposed model consists on an extension of TAM and includes the variables training (T), students’ 

influence (SI), perceived usefulness (PU), perceived ease of use (PEOU), technical support (TS), job 

satisfaction (JS), just as suggested by the previous chapters conclusions. The variable usage intention 

(UI) is the main dependent variable, and age the moderating variable. The constructs are explained in 

Table 5, and the proposed hypothesis in Table 6, as well as the references from which they were 

adapted. 

Table 5 - The constructs of the research model. Developed by the author. 

Construct Explanation Literature Background 

Training: reflects the opportunities took by the professionals to learn about how 

to use the interactive whiteboard and its benefits.  

(Mariani et al., 2013) 

Students’ Influence: Similar to the concept of subjective norm, this construct 

respects the perception a teacher has that his/her students think he/she should 

or should not use the interactive whiteboard.  

Adapted from (Venkatesh & 
Davis, 2000) 

Perceived Usefulness: The belief a teacher presents that using the 

technology under study would positively influence his/her work.  

(Davis, 1989) 

Perceived Ease of Use: Reflects the belief that using the interactive 

whiteboard would be free of effort.  

(Davis, 1989) 

Technical Support: The construct respects the perception a teacher has of 

the level of support available in case of need. 

(Teo et al., 2016) 

Job Satisfaction: How a teacher feels about his/her profession, and how 

his/her work is being valued. This construct reflects feelings and motivation of 

a teacher considering the career condition, and the treatment from its superiors. 

Adapted from (Mariani et 
al., 2013) 

Age: Is used as a moderating variable, just as proposed in previous studies.  Adapted from (Venkatesh et 
al., 2003) 

Usage Intention: The intention a teacher presents to use the technology. (Davis et al.,1989) 

 

Figure 16 - Proposed Model 
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Table 6 - Research Hypotheses. Developed by the author 

 Hypothesis References  

H1  Appropriate training increases perceived 

usefulness.   

As in (Mariani et al., 2013), and as 

“external variables” in TAM by (Davis et 

al., 1989) 

H2 Appropriate training increases perceived ease of 

use.   

As in (Mariani et al., 2013), and as 

“external variables” in TAM by (Davis et 

al., 1989) 

H3 Students’ influence positively affects the perceived 

usefulness. 

As “subjective norm” in TAM2 by 

(Venkatesh & Davis, 2000) 

H4 Higher levels of perceived ease of use increase 

perceived usefulness. 

As in TAM by (Davis el al, 1989) 

H5 Technical support has a positive influence on 

perceived ease of use. 

As “perceptions of external control” in 

TAM3 by (Venkatesh & Bala, 2008) 

H6 Students’ influence has a significant influence on 

usage intention. 

As “subjective norm” in DTPB by 

(Taylor & Todd, 1995) 

H7 Perceived usefulness positively affects usage 

intention. 

As in TAM by (Davis el al, 1989) 

H8 Perceived ease of use has a positive influence on 

usage intention. 

As in TAM by (Davis el al, 1989) 

H9 Higher levels of job satisfaction increase usage 

intention.  

As “satisfaction” in modified DTPB by 

(Tao & Fan, 2016) 

H10 Age strengthens the positive effect that perceived 

ease of use has in usage intention. 

As “age” in UTAUT by (Venkatesh et 

al., 2003) 

H11 Age strengthens the positive effect that perceived 

usefulness has in usage intention 

As “age” in UTAUT by (Venkatesh et 

al., 2003) 

 

4.2 – Data collection – Participants and Measures  

Teachers participation in this study was voluntary. They responded to an e-mail invitation issued by the 

author, and for those who agreed to take part in the study, a website address was given to access an 

online questionnaire. It was also asked to these teachers to share the website address with their 

colleagues and a total of 406 answers was collected. The main contact was addressed to teachers from 

primary, middle and high schools in Portugal that were equipped with interactive whiteboards. However, 

since it was observed such an engagement with great sharing in social media groups of teachers, some 

teachers from schools not equipped with this technology were reached. As a result, 29 answers were 

deleted since it was considered that the non-availability of the interactive whiteboard could produce 

biased results and misleading interpretations of the sentences presented in the questionnaire.  

Participants were asked to measure each one of the 30 items described in Table 7 on a 7-point Likert-

type scale from “strongly disagree” to “strongly agree”, being 4 the neutral option “Neither agree or 

disagree”. The items were defined, once again, with the support of the existent literature, since it is 

important to use items, whenever possible, that have been previously validated. For each construct at 

least 4 items were defined, with exception for the job satisfaction and the usage intention that have 5 

items to measure them. Along with these items, the participants were also asked to provide some 

demographic information, such as age, gender, subject area, and years of experience as a teacher. 
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Table 7 - Research constructs and their corresponding items. Developed by the author. 

Construct Item Reference 

Training  T1 – I was involved in appropriate training opportunities related 

to the use of interactive whiteboards. T2 – I took training actions 

that were enough to prepare me to use the interactive 

whiteboard proficiently. T3 – I was involved in training actions 

that strongly increased my interest in the interactive whiteboard. 

T4 – I took training actions (related to this technology) whose 

time assigned was sufficient to grasp the teachings.  

Adapted from 

(Mariani et al., 

2013); (OECD, 

2014a) 

Students’ 

influence  

SI1 – My students think that I should use the interactive 

whiteboard. SI2 – My students tend to prefer classes in which 

the interactive whiteboard is used. SI3 – My students encourage 

me to use the interactive whiteboard. SI4 – In general, my 

students support the use of the interactive whiteboard. 

Adapted from 

(Rondan-Cataluña 

et al., 2015); 

(Catarino, 2012); 

(Oye et al., 2011) 

Perceived 

Usefulness 

PU1 – The interactive whiteboard is useful to my job. PU2 – The 

use of the interactive whiteboard would save me time. PU3 – 

Using the interactive whiteboard makes concepts easier to 

understand by my students. PU4 – Using the interactive 

whiteboard would facilitate the explanation of some concepts.  

Adapted from 

(Davis et al., 1989); 

(Venkatesh et al., 

2003) 

Perceived 

Ease of 

Use 

PEOU1 – Overall, the functionalities of the interactive 

whiteboard are easily understandable. PEOU2 – Using the 

interactive whiteboard does not require mental effort. PEOU3 – 

I think that the interactive whiteboard is an easy to use 

technology. PEOU4 – Learning how to interact with the 

interactive whiteboard’s software is easy for me.  

Adapted from 

(Venkatesh & 

Davis, 2000); 

(Venkatesh et al., 

2003) 

Technical 

Support 

TS1 – In case of need, there is someone available to provide 

timely assistance regarding my difficulties with the interactive 

whiteboard. TS2 – Specialized instruction concerning the use of 

the interactive whiteboard was given to me. TS3 – In case of 

need, I know where to seek assistance regarding the usage of 

this technology. TS4 – My school provides technical support to 

enhance the use of this technology. 

Adapted from (Teo 

et al., 2016); 

(Khlaif, 2018) 

Job 

Satisfaction 

JS1 – I would recommend my job as a great profession to have 

in my country. JS2 – I feel that my work is recognized by society. 

JS3 – I feel highly motivated at my work to do even more than 

what is asked. JS4 – I wonder whether if it would have been 

better for me to choose another profession. JS5 – I feel that my 

work is valued by my superiors.   

Adapted from 

(OECD, 2014a) 

Usage 

Intention  

UI1 – I plan to continue to use the interactive whiteboard in the 

future. UI2 – Having access to the interactive whiteboard, I would 

definitely use it. UI3 – I intend to use frequently the interactive 

whiteboard in a near future. U4 – I predict that I will increase the 

usage of the interactive whiteboard in a near future. U5 – I 

consider myself a potential user of the interactive whiteboard. 

Adapted from 

(Rondan-Cataluña 

et al., 2015); 

(Venkatesh et al., 

2003) 

Note: By using the interactive whiteboard it is considered the interaction with its software, besides the 

video projector usage. 
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The data collection happened between May and July 2018 and no special missing data examination 

procedures were applied to the data in this research due to constraints of the online form which did not 

allow submission with unanswered questions. 

4.3 – Data analysis – Structural Equation Modeling  

Structural Equation Modeling (SEM) is a widely used statistical modeling technique within the behavioral 

sciences that combines several traditional multivariate approaches, such as factor analysis, regression 

or path analysis, discriminant analysis, and canonical correlation. This technique focuses on the 

theoretical constructs represented by the latent factors. The path analysis studies the relationships 

between the theoretical constructs, these are reflected by its path coefficients and results in a path 

diagram that allows to graphically visualize the structural model (Hox & Bechger, 1998). 

Researchers embrace SEM aiming to test complete theories and concepts, its main application field is 

business research, particularly marketing research (Henseler et al., 2009). In SEM the model to test 

must be specified before starting to estimate factor loadings and covariances. This model specification 

is usually guided by theory and empirical results from previous research. The most widely used method 

for estimation is Maximum Likelihood which assumes the multivariate normality of the data and a large 

sample (about 200 observations) (Hox & Bechger, 1998). 

The first generation of statistical tools such as regression (linear regression, ANOVA, or MANOVA), can 

analyze one layer of relationship between the independent and the dependent variable. On the other 

hand, SEM can model multiple layer relationship between multiple independent and dependent 

variables (Gefen et al., 2000). 

The SEM analysis covers two interrelated models, the measurement model and the structural model, 

both proposed by the researcher. To evaluate the measurement model, SEM uses a confirmatory factor 

analysis (CFA) in which the observed variables are allocated to the theoretical constructs (latent 

variables) for analysis. In what concerns the structural model evaluation, the SEM technique uses path 

analysis in which the research hypotheses, relationships between latent variables, are tested (Gefen et 

al., 2000). The latent variables can assume the exogenous or endogenous form (Hair et al., 2006). 

SEM also includes statistical tests such as the chi-square to assess how well the model fits the data. If 

these statistics’ results meet the recommended thresholds, the researcher can rely on the results of the 

estimates. However, these statistical tests vary in their power with the sample size and do not only 

consider the fit of the model, but also its simplicity. A model that specifies all possible paths between all 

variables will always fits the data perfectly, but it would be just as complex as the observed data it relies 

on. This means that between two models with the same degree of fit, the simplest, meaning the most 

parsimonious, should be preferred. A modern approach to model fit assessment is consider that models 

approximate the truth, so the perfect fit is too much to ask for. This led to the development of an index 

named root mean square error of approximation (RMSEA) that (if presents a small value) reflects a 

model with a good approximation to the true model (Hox & Bechger, 1998). 

When there are serious problems with model fit, it is possible to modify the model. This modification can 

result in deleting non-significant parameters or adding parameters to improve the fit, these actions are 
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usually based in modification indices that most SEM software provides. Modification indices correspond 

to the minimum amount that the chi-square value is expected to decrease if the corresponding action is 

taken. Other modification tests can be used rather than the chi-square, such as Lagrange or Wald. 

Generally, the advice is to apply modifications when there is a theoretical reasoning behind, otherwise 

the confirmatory nature of the structural or measurement model analysis can be discussed (Schreiber 

et al., 2006). MacCallum et al. (1992) recommend cross-validation on a different sample as an 

alternative to model modifications.  

SEM can be performed through the one or two-step approaches. Generally, the two-step approach is 

preferred. This approach includes a first step in which the measurement model is evaluated, through 

observing reliability, validity, and a second step in which the structural model is assessed by the path 

significance between the latent constructs. The one-step approach tests the measurement and the 

structural models simultaneously, and it is recommended to those studies whose measurement items 

and the model itself are well established in prior research (Hair et al., 2006). 

One of the critics raised to SEM concerns the issue of causal interpretation. The researchers must be 

aware that a SEM model corroborated by the data does not implies that specific model to be true, that 

model was not falsified, but others may result in the same corroboration by the data (Hox & Bechger, 

1998). 

In this study, the two-step approach is preferred to perform SEM. The data analysis in this research 

includes: exploratory factor analysis, normality and outliers assessment tests, measurement model 

evaluation (including reliability and validity assessment), and structural model evaluation.  

4.4 – CB-SEM vs PLS-SEM 

The structural equation modelling (SEM) encompasses two major approaches to address the analysis 

of the cause-effect relationships between latent constructs – covariance-based SEM (CB-SEM) and 

variance-based partial least squares SEM (PLS-SEM). These approaches differ in their assumptions, 

outcomes and estimation procedures. PLS-SEM aims explaining the latent constructs’ variance by a 

regression-based ordinary least squares estimation method. CB-SEM reproduces the covariance matrix 

without focusing on explained variance and by following a maximum likelihood estimation procedure 

(Astrachan et al., 2014). 

When using CB-SEM, it is intended to estimate model parameters that minimize the differences between 

the two covariance matrices, calculated before and after the theoretical model solution is obtained. If 

goodness of fit is demonstrated, then the theory is confirmed. On the other hand, PLS-SEM maximizes 

the variance explained in the dependent variable, focusing on optimizing prediction of the constructs 

and not on fit (Matthews et al, 2018). One of the main differences between the two approaches regards 

the fit statistics computed in CB-SEM to evaluate the extent to which the empirical data fit the theoretical 

model that are not present in the PLS-SEM approach (Richter et al., 2016). 

Hair et al. (2011) recommend the selection of PLS-SEM if the goal is the prediction or identification of 

key target constructs, and the selection of CB-SEM if the research goal is theory testing, confirmation 

or comparison between alternative theories. At a theory development stage, the PLS-SEM approach 
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enables the retention of more indicator variables than CB-SEM. However, this second technique 

achieves better variance explanation (Astrachan et al., 2014). 

The CB-SEM technique requires a set of assumptions to be met, such as multivariate normality and 

minimum sample size (at least 150). Under normal data and large sample size conditions, both 

techniques provide highly similar results, with CB-SEM providing slightly more precise model estimates 

(Hair et al, 2011). The PLS-SEM approach has been recommended based on its ability to handle small 

sample sizes, complex models with numerous constructs, or non-normal data distributions, while 

producing viable results. The choice between these two approaches depends on the research objective 

and data characteristics (Astrachan et al., 2014). 

It has been referred on the literature how these techniques can be complimentary to each other and 

how the results are in close correspondence (Tenenhaus, 2008). Hair et al (2011) suggest that the 

differences stated in the literature on the results from these approaches are primarily a matter of 

measurement model quality and pointed out the fact that many of the comparative studies are performed 

without controlling the CB-SEM specification biases.  

Considering the scope of this research, testing a proposed model, the CB-SEM approach seems the 

most suitable course to take. Still, it is important to test the multivariate normality of the data, since the 

sample size requirements are met (377 respondents). However, the CB-SEM software selected to this 

research is IBM AMOS 25 which presents a procedure designed to address non-normal data known as 

bootstrapping.  
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5 – Data Analysis 

This chapter presents the results obtained for the analysis proposed in the previous chapter, those will 

be discussed in the next chapter.  

5.1 – Demographic Profile of the Respondents  

The demographic profile of the 377 respondents is summarized in (Table 8).  

The education system in Portugal presents the following structure:  

• 1st cycle) from 1st to 4th grade, between 6 and 9 years old; 

• 2nd cycle) from 5th to 6th grade, between 10 and 11 years old; 

• 3rd cycle) from 7th to 9th grade, between 12 to 14 years old; 

• secondary education) from 10th to 12th grade, between 15 and 17 years old. 

The respondents were asked to select the grade range they are currently teaching, or all that apply, 

since it is possible to teach in more than one of these ranges. Other demographic questions included 

the gender, age, teaching experience (in years), and the teaching subject (organized in seven groups 

so the teacher should choose the group that better applies or more than one if that is the case). 

Age is a part of the research model as a moderating variable, most of the respondents are between 50 

to 59 years old and female, and none of the respondents had between 20 to 29 years old. There is a 

majority of female respondents. The sample profile in these categories was not suppressing, since it is 

consistent with the gender distribution and ageing of the profession stated by the official statistics 

described in (Table 2). 

Most of these teachers teach for more than 20 years and the most common school subjects are 

languages, mathematics and experimental sciences (as stated before, some may teach more than one 

of the presented subjects, although those are commonly related like math and experimental sciences, 

or languages and humanities).  
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Table 8 - Demographic profile of the respondents. Developed by the author. 

 Frequency  Percentage (%) 

Grade Range    

1st cycle  65 17,2 

2nd cycle 55 14,6 

3rd cycle 164 43,5 

Secondary education 196 52 

Age   

20 ~ 29  0 0 

30 ~ 39 41 10,9 

40 ~ 49 144 38,2 

50 ~ 59 159 42,2 

60 or above 33 8,8 

Gender    

Female 275 72,9 

Male 98 26 

Prefer not to say  4 1,1 

Teaching Experience   

0 ~ 9 21  5,6 

10 ~ 19  83 22 

20 ~ 29  163 43,2 

30 ~ 39 104 27,6 

40 or above  6 1,6 

School Subject    

Languages 105 27,9 

Mathematics 116 30,8 

Experimental Sciences 126 33,4 

Social Sciences/Humanities 79 21 

Physical Education  35 9,3 

Arts 42 11,1 

Special Education  23 6,1 
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5.2 – Exploratory Factor Analysis  

This research intends to test a proposed theory with a defined set of latent factors. To do so, it is 

important to determine if the model fits the data adequately by performing a confirmatory factor analysis 

(CFA) (Bandalos, 1996). On the other hand, an exploratory factor analysis (EFA) should be used when 

there are few ideas about the factors that best account the variations of the variables (Matsunaga, 2010). 

Up to this point of the research, there was a proposed model with variables measured by items that 

either were new in this research setting or were translated to a different language, which means that 

there was valuable information to be taken by performing an EFA. Considering this, an EFA was 

performed to test the measurement items proposed in this study, and this should be followed by the 

CFA used in structural equation modelling to evaluate the measurement model (Cabrera-Nguyen, 

2010). 

Factor analysis is a broad heading for two distinct techniques: component analysis and common factor 

analysis, the first one includes the total variance in the initial extraction while the second only includes 

the common variance. In a research context, both techniques produce comparable results (Beavers et 

al., 2013). It was decided to use the component analysis with Principal Component Analysis (PCA) as 

the extraction method, which is the most widely used and the default option on IBM SPSS 25, the 

software used to perform this analysis.  

In what concerns the rotation method, deciding between an orthogonal or oblique rotation can be 

controversial, since although much of the literature supports the oblique rotations, the orthogonal ones 

are the most commonly used (Beavers et al., 2013). Promax, an oblique rotation method, was selected 

to this EFA, and the reason behind this choice was its higher efficacy to create clear patterns of results 

when compared to the traditional orthogonal rotations, especially with analysis dealing with behaviors 

and beliefs where it is expected some correlation among factors. With the modern era of high-power 

computing, oblique rotation output is just slightly more complex than an orthogonal one, but produces 

either identical or superior results (Osborne, 2015). 

Having selected the extraction and rotation methods, the number of factors to retain for rotation was 

decided base on the eigenvalues. The eigenvalue greater than one rule is the default in most statistical 

software, although there is an agreement in the literature that this is not an accurate method for the 

selection of the number of factors to retain. Because of its wide availability, the scree test is considered 

the best choice to support this decision (Osborne & Costello, 2005). The scree test plots the eigenvalues 

against the number of factors. The change in the shape of the graph expresses the number of factors 

to be retained (Hair et al., 2006). This test was performed and resulted in 5 factors to be retained contrary 

to 7 factors expectation (Figure 17).  
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Figure 17 - Scree test 

The sampling adequacy was measured by Kaiser-Meyer-Olkin (KMO) test. The value of KMO should 

be greater than 0,6 suggesting a significant relationship between the items (Tabachnick & Fidell, 2007). 

The Bartlett’s test of sphericity with small values of the significance level suggest that the variables are 

related and therefore a factor analysis may be useful (IBM Knowledge Center, 2018). The referred 

thresholds were met in this study’s results (Table 9), satisfying the EFA’s assumptions.  

Table 9 - KMO and Bartlett's tests 

Kaiser-Meyer-Olkin test 0,951 

Bartlett’s test of sphericity 

Approx. Chi-Square 11825,636 

df 435 

Sig. 0,000 

 

To understand the number of factors extracted during EFA, the pattern matrix was examined (Table 10). 

The pattern matrix presents the items for three variables loading together in component 1, and one of 

the items for technical support (TS2) is loading with training (T) items. Hair et al (2006) suggest that 

items with high cross-loadings, especially if higher than the load in its own component, and with low 

communalities (bellow 0,5) should be removed to refine the scale. The communalities for these 

research’s items are all above the recommended 0,5 threshold (Table 10), and the total variance 

explained is 76,6%. 
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Table 10 - Communalities and Pattern Matrices 

Communalities   Component 

Initial Extraction   1 2 3 4 5 

1,000 0,681 JS1     0,896     

1,000 0,680 JS2     0,831     

1,000 0,676 JS3     0,528     

1,000 0,513 JS4     0,813     

1,000 0,611 JS5     0,669     

1,000 0,834 PEOU1       0,782   

1,000 0,698 PEOU2       0,815   

1,000 0,869 PEOU3       0,929   

1,000 0,844 PEOU4       0,924   

1,000 0,807 PU1 0,943         

1,000 0,691 PU2 0,773         

1,000 0,768 PU3 0,941         

1,000 0,724 PU4 0,904         

1,000 0,714 SI1 0,854         

1,000 0,789 SI2 0,993         

1,000 0,702 SI3 0,820         

1,000 0,830 SI4 1,000         

1,000 0,877 T1   0,940       

1,000 0,909 T2   0,965       

1,000 0,841 T3   0,891       

1,000 0,915 T4   0,989       

1,000 0,845 TS1         1,001 

1,000 0,860 TS2   0,845       

1,000 0,646 TS3         0,637 

1,000 0,793 TS4         0,897 

1,000 0,790 UI1 0,742         

1,000 0,773 UI2 0,718         

1,000 0,807 UI3 0,784         

1,000 0,728 UI4 0,676         

1,000 0,763 UI5 0,746         

 

Since removing the items with cross loadings in this case would mean getting rid of three important 

variables of the model due to item deletion, and considering that the major conclusions should be taken 

after CFA (Osborne & Costello, 2005), it was decided to better examine these three variables.  

When the number of components to extract is based on the eigenvalues, students’ influence, perceived 

usefulness and usage intention load all together in one component. It was observed how extracting a 

fix number of components in the EFA, in this case three components, raised the cumulative variance 

explained in 10% (from 74,46 to 84,59%). The pattern matrix for this analysis is presented bellow (Table 

11). It was decided to remove one item per variable, selecting those with higher cross loading, namely 

PU1, SI2, and UI2. With this it is expected to improve discriminant validity without losing too much 

information, since only one item per variable is erased.    
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Table 11 - Patter Matrix for most problematic items 

  

Component 

1 2 3 

PU1   0,563 0,241 

PU2   0,789   

PU3   0,860   

PU4   0,900   

SI1     0,920 

SI2   0,507 0,509 

SI3     0,930 

SI4   0,298 0,685 

UI1 0,898     

UI2 0,798 0,254   

UI3 0,869     

UI4 0,733     

UI5 0,797     

 

Applying a similar procedure to the variables technical support and training, it is possible to conclude 

that TS2 should be considered part of the training variable items (Table 12). This decision was also 

based on what was observed in the survey. This item was measured in question 6, between two 

questions related to training (the displaying order of the items in the survey instrument was randomized) 

and it is easy to understand that the question was not clearly formulated to distinguish technical support 

from training: “Specialized instruction concerning the use of the interactive whiteboard was given to me”.   

Table 12 - Pattern Matrix for Technical Support and Training items 

  

Component 

1 2 

T1 0,952   

T2 0,957   

T3 0,895   

T4 0,974   

TS1   0,946 

TS2 0,872   

TS3   0,716 

TS4   0,904 

 

 

The EFA was performed again without the deleted items, with the following results regarding the KMO 

and Bartlett’s (Table 13), the Communalities and Pattern matrices (Table 14), and a total variance 

explained of 76,561%.  
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Table 13 - KMO and Bartlett's tests for the final set of items 

Kaiser-Meyer-Olkin test 0,941 

Bartlett’s test of sphericity 

Approx. Chi-Square 10061,611 

df 351 

Sig. 0,000 

 

Table 14 - Commulaties and Pattern Matrices for the final set of items 

Communalities 
 

Component 

Initial Extraction   1 2 3 4 5 

1,000 0,679 JS1     0,889     

1,000 0,680 JS2     0,824     

1,000 0,678 JS3     0,527     

1,000 0,516 JS4     0,813     

1,000 0,612 JS5     0,670     

1,000 0,836 PEOU1       0,786   

1,000 0,701 PEOU2       0,812   

1,000 0,878 PEOU3       0,934   

1,000 0,853 PEOU4       0,922   

1,000 0,696 PU2 0,785         

1,000 0,758 PU3 0,933         

1,000 0,724 PU4 0,917         

1,000 0,719 SI1 0,860         

1,000 0,711 SI3 0,832         

1,000 0,821 SI4 0,993         

1,000 0,877 T1   0,943       

1,000 0,909 T2   0,966       

1,000 0,843 T3   0,893       

1,000 0,914 T4   0,991       

1,000 0,845 TS1         1,001 

1,000 0,860 TS2   0,845       

1,000 0,648 TS3         0,639 

1,000 0,794 TS4         0,897 

1,000 0,795 UI1 0,779         

1,000 0,817 UI3 0,824         

1,000 0,748 UI4 0,726         

1,000 0,756 UI5 0,765         

 

5.3 – Assessment of Normality and Outliers  

Firstly, as the software chosen to perform the confirmatory factor analysis was AMOS, it was important 

to evaluate the normality of the data, since it is an assumption of the covariance-based SEM. When 

using large sample procedures, such as SEM, it is easy to reject the null hypothesis (consistency with 

the normal distribution). Considering this, the researcher should rely on more descriptive approaches to 

assess normality (known as “rules of thumb”), such as the kurtosis lower than 7 and the skewness lower 

than 3 rules to assume univariate normality of the data (Kline, 2010). IBM SPSS 25 was used to obtain 
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the skewness and kurtosis values of the data (Table 15). It was concluded that the values obtained 

suggest univariate normality of the data. The assumption of multivariate normality for the data in this 

study was based on the Mardia’s coefficient of 152,329 which is lower than the value of 783 computed 

based on the formula p(p+2) where p is the number of observed variables in the model (Raykov & 

Marcoulides, 2008). 

Table 15 - Skewness and Kurtosis 

 
Skewness  Error  Kurtosis  Error 

JS1  0,713 0,126 -0,467 0,251 
JS2 0,399 0,126 -0,737 0,251 
JS3 0,044 0,126 -1,319 0,251 
JS4 0,107 0,126 -1,538 0,251 
JS5 0,007 0,126 -1,115 0,251 
PEOU1 -0,285 0,126 -0,918 0,251 
PEOU2 -0,114 0,126 -1,082 0,251 
PEOU3 -0,215 0,126 -0,940 0,251 
PEOU4 -0,193 0,126 -0,808 0,251 
PU2 -0,175 0,126 -1,190 0,251 
PU3 -0,450 0,126 -0,538 0,251 
PU4 -0,809 0,126 -0,284 0,251 
SI1 -0,110 0,126 -0,993 0,251 
SI3 0,190 0,126 -1,140 0,251 
SI4 -0,335 0,126 -0,744 0,251 
T1 -0,136 0,126 -1,381 0,251 
T2 -0,057 0,126 -1,386 0,251 
T3 0,029 0,126 -1,363 0,251 
T4 -0,154 0,126 -1,385 0,251 
TS1 0,724 0,126 -0,621 0,251 
TS2 -0,038 0,126 -1,351 0,251 
TS3 0,265 0,126 -1,172 0,251 
TS4 0,614 0,126 -0,796 0,251 
UI1 -0,156 0,126 -1,395 0,251 
UI3 -0,195 0,126 -1,408 0,251 
UI4 0,007 0,126 -1,231 0,251 
UI5 -0,292 0,126 -1,240 0,251 

 

Using IBM AMOS 25, the multivariate outliers were detected through Mahalanobis distance. This 

measure helps to understand the distance in the multidimensional space from each observation to the 

centroid, by providing a single value (Hair et al., 2006). A statistical test of significance is used with the 

Mahalanobis distance measure, this value of significance reflects the probability of getting a value as 

large or larger than the presentend D2 Mahalanobis value. The p<0,001 threshold can be applied as a 

justification to eliminate those observations (Tabachnick & Fidell, 2007). In this study, 15 observations 

were found with a p value lower than 0,001. Hair et al. (2006) suggest that the outliers can be retained 

unless it is proven that outliers are not signifying any observation in the dataset. Hence, these 

observations were scrutinized, and it was decided to keep them for the next stage. For instance, some 
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of these observations were considered outliers because of some differences in the values given to the 

usage intention items which can be justified if the teacher is currently assigned to a classroom devoid 

of an interactive whiteboard but intends to use it if he or she gets access to this technology. This is an 

example of how an outlier respondent can reflect important, though uncommon, data by belonging to a 

small group.  

5.4 – Evaluation of Measurement Model – Confirmatory Factor Analysis 

The first stage of SEM is to evaluate the measurement model through a confirmatory factor analysis 

(CFA) which tests the relationships between the manifest variables and the latent constructs. These 

constructs are theoretically proposed and cannot be either observed or measured directly. It is assumed 

that the items (observed variables) used on the survey can represent, i.e. are loaded on, their underlying 

construct. The CFA is commonly used to evaluate construct validity, i.e. the extent to which a set of 

items reflect their theoretical latent construct, and refine measurement instruments, since this analysis 

assesses the ability of the measurement model to reproduce the observed relationships. This analysis 

results can provide evidence of convergent (through factor loading, variance extracted, and reliability) 

and discriminant validity of the theoretical constructs (Brown, 2006). 

Table 16 - Criteria for the measurement model evaluation. Adapted from Abbasi (2011) 

Test Description  Criteria 

Construct 

Reliability 

Composite 

Reliability 

(CR)  

It is a measure of internal consistency that 

represents how a construct is explained by its 

assigned items. It can be calculated by the 

formula: 

𝐶𝑅𝑗 =  
(∑ λ𝑗𝑘)

𝐾𝑗

𝑘=1

2

(∑ λ𝑗𝑘)
𝐾𝑗

𝑘=1

2
+ Θ𝑗𝑘  

 

Kj = number of items of the construct j 

λjk = the factor loadings of item k from the 

construct j 

Θ jk = error variance of the kth item from the 

construct j 

(Alarcón & Sánchez, 2015) 

Value > 0,7 (Hair et al., 

2006) 

Cronbach’s α 

(Cr α) 

Is a measure of internal consistency that reflects 

how closely related is a set of items as a group. 

The formula for Cronbach’s α is presented 

bellow: 

Cr α =  
𝐾 × 𝜎

𝜏 + (𝐾 − 1) × 𝜎 
 

K = the number of items measuring the construct  

σ = average covariance between pairs of items 

τ = the variance of the sum of all indicators scores 

(Litwin, 1995) 

Cr α > 0,6 (Hair et al., 

2006) 
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Test Description Criteria 

Indicator 

Reliability 

Standardized 

Estimate (SE) 

Indicates the latent construct’s variance 

explained by the observed variable (Henseler et 

al., 2009). 

Value > 0,7 (Henseler et 

al., 2009) 

Convergent 

Validity  

Average 

Variance 

Extracted 

(AVE) 

This measure indicates how much of the variance 

in the items is explained by their latent constructs 

rather than the measurement error.  

𝐴𝑉𝐸𝑗 =  
∑ λ𝑗𝑘

2𝐾𝑗

𝑘=1

(∑ λ𝑗𝑘
2)

𝐾𝑗

𝑘=1 + Θ𝑗𝑘  
 

Kj = number of items of the construct j 

λjk = the factor loadings of item k from the 

construct j 

Θ jk = error variance of the kth item from the 

construct j 

(Alarcón & Sánchez, 2015)  

Value > 0,5 (Fornell & 

Larcker, 1981) 

Discriminant 

Validity 

Fornell and 

Larcker 

criterion 

This criterion assesses the discriminant validity 

which regards the degree of shared variance 

among the latent variables. It compares the 

amount of variance capture by the construct 

(AVE) and shared variance with other constructs 

(Fornell & Larcker, 1981). 

If the square root of the 

AVE for each construct is 

greater than the 

correlation involving the 

constructs, there is 

discriminant validity.  

(Fornell & Larcker, 1981) 

  

5.4.1 – Measurement Model Results 

The results for the measurement model (Figure 18) are presented in Table 17, those were obtained 

either directly (such as standard estimates and t-values) or indirectly (such as the composite reliability 

and the average variance extracted, calculated by the formulas presented in Table 16) from the 

confirmatory factor analysis conducted with IBM AMOS 25 and from a descriptive statistics and reliability 

analysis in IBM SPSS 25 (such as the values for mean, standard deviation and Cronbach alpha). All the 

t-values obtained present a significance of 0,001. The item JS4 is absent from Table 17 due to low 

loading (SE = 0,534) and is deleted from the model.  

The results for the standard estimates (SE), the Cronbach alpha (Cr α), the composite reliability (CR), 

and the average variance extracted (AVE) are all above the recommended thresholds (references in 

Table 16). The CR values are between 0,827 and 0,956 suggesting the reliability of the measurement 

scale. The AVE values between 0,546 and 0,844 suggest that there is convergent validity. Finally, the 

Cronbach’s alpha values are between 0,827 and 0,963, suggesting internal consistency.  
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Table 17 - Measurement Model Results. Developed by the author. 

Variable Item SE t-value Mean SD Cr α CR AVE 

Job Satisfaction 

JS1 0,684 Ø 2,81 1,745 

0,827 0,827 0,546 
JS2 0,753 12,497 3,18 1,708 

JS3 0,794 12,991 3,79 2,062 

JS5 0,720 12,051 3,76 1,798 

Perceived Ease 
of Use 

PEOU1 0,897 Ø 4,47 1,764 

0,924 0,929 0,766 
PEOU2 0,735 17,976 4,10 1,859 

PEOU3 0,941 29,991 4,39 1,774 

PEOU4 0,914 27,946 4,45 1,711 

Perceived 
Usefulness 

PU2 0,841 Ø 4,26 2,002 

0,896 0,900 0,750 PU3 0,895 22,234 4,61 1,736 

PU4 0,861 20,897 5,07 1,832 

Students' 
Influence 

SI1 0,897 Ø 4,11 1,882 

0,927 0,927 0,808 SI3 0,875 24,813 3,68 1,959 

SI4 0,924 28,029 4,52 1,810 

Training  

T1 0,908 Ø 4,05 2,124 

0,963 0,956 0,844 

T2 0,949 33,186 3,95 2,141 

T3 0,866 25,671 3,84 2,103 

T4 0,949 33,115 4,10 2,165 

TS2 0,909 29,141 2,88 1,855 

Technical 
Support 

TS1 0,827 Ø 3,97 2,095 

0,835 0,841 0,639 TS3 0,734 14,821 3,40 1,941 

TS4 0,834 16,856 3,06 1,947 

Usage 
Intention  

UI1 0,949 Ø 4,24 2,157 

0,945 0,947 0,817 
UI3 0,963 42,312 4,32 2,150 

UI4 0,836 25,780 3,91 2,023 

UI5 0,860 27,855 4,46 2,017 

Criteria    > 0,7       > 0,7 > 0,6 > 0,5 

SE standardized estimate. The significance for the t-values is 0,001. Ø These values were fixed at 1 

for model identification purposes. 

 

Discriminant validity assesses how a construct measure is empirically unique and represents a 

phenomenon that other measures in a structural model do not capture. If there is no discriminant validity, 

the constructs of the model have an influence on the variation of more than one set of observed 

variables, more than just the ones they are theoretically related with (Henseler et al., 2014). 

In this study, discriminant validity was tested by comparing the square root of the AVE for each construct 

with the correlations between that construct and the others. In Table 18 are presented the values for the 

square roots (diagonal elements) and those are always greater than the off-diagonal elements of the 

same rows and columns, which suggests that each construct has a stronger correlation with its items 

than with the other constructs in the model (Fornell & Larcker, 1981). Considering this, discriminant 

validity was assumed.  
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Table 18 - Discriminant Validity for the Measurement Model. Developed by the author 

 JS SI T PU PEOU TS UI 

JS 0,739             

SI 0,514*** 0,899           

T 0,436*** 0,329*** 0,919         

PU 0,500*** 0,859*** 0,275*** 0,866       

PEOU 0,626*** 0,665*** 0,533*** 0,679*** 0,875     

TS 0,602*** 0,510*** 0,532*** 0,443*** 0,581*** 0,800   

UI 0,589*** 0,841*** 0,363*** 0,852*** 0,726*** 0,553*** 0,904 

JS – Job Satisfaction SI – Students’ Influence T – Training PU – Perceived Usefulness 
PEOU – Perceived Ease of Use TS – Technical Support UI – Usage Intention  
*** p value = 0,001 

 

 

 

Figure 18 - Measurement Model 
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5.4.2 – Model Fit for the Measurement Model 

Following the measurement model reliability and validity assessment, model fit compares the theory 

with reality by comparing the estimated covariance matrix to the observed covariance matrix (Hair et al., 

2006). Model fit indicates how the proposed model reflects the data, assessing it is one of the most 

important steps in structural equation modeling (Hooper et al., 2008), and providing these results is one 

of the major differences between variance-based and covariance-based SEM approaches (Richter et 

al., 2016). There are many fit indices available and it has been debated which indices should be reported 

and what are cut-offs for those indices. With such a collection of indices available, the researchers may 

lured into the error of report only the indices that indicate good model fit, which may lead to 

misspecifications within the model (Hooper et al., 2008).  

The goodness-of-fit indices applied to SEM belong to one of three categories – the absolute fit indices, 

the incremental fit indices and the parsimony fit indices (Hair et al., 2006). 

The absolute fit indices measure how the specified model reproduces the observed data. Those include 

the normed chi-square (the ratio of chi-square to the degrees of freedom), the root mean square error 

of approximation (RMSEA) (it represents how well the model fits a population rather than just the 

sample), the standardized root mean square residual (SRMR) (useful for comparing fit across models) 

(Hair et al., 2006). Although it has become less popular, the goodness-of-fit index (GFI) also belongs to 

the absolute fit indices group, it calculates the proportion of variance accounted by the estimated 

population covariance. Related to this index is the adjusted goodness-of-fit index (AGFI) adjusts the GFI 

based on the degrees of freedom but it is also sensitive to the sample size (Hooper et al., 2008). 

The incremental fit indices measure how the estimated model fits relative to an alternative baseline 

model, i.e a null model in which is assumed that all the observed variables are uncorrelated. (Hair et al., 

2010) The most commonly reported are the non-normed fit index (NNFI) and the comparative fit index 

(CFI) (Hooper et al., 2008). 

The parsimony fit indices provide information about which model is best among a set of competing 

models, considering its fit relative to its parsimony. Either a better fit or a simpler model improves a 

parsimony index (Hair et al., 2006). However, these indices have no recommended thresholds, which 

makes them difficult to interpret (Hooper et al., 2008). 

The recommended sample size for the assessment of the statistics described above is at least 200, so 

the fit indices results can be used reliably (Diamantopoulos & Siguaw, 2000). 

The results for the assessment of the measurement model fit are presented in Table 19. 
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Table 19 - Model fit results for the measurement model. Developed by the author. 

Validity Indices  Test Indices  Threshold Reference Results  
Model Fit 
Verification 

Absolute Fit Indices  

Normed Chi 
square <3 

Hair et al. 
(2006) 2,958*** 

AGFI > 0,9 
Hooper et 
al (2008) 0,817 

RMSEA 
between 0,03 
and 0,08 

Hair et al. 
(2006) 0,072 

SRMR <0,08 

Hu & 
Bentler 
(1999) 0,053 

Incremental Fit 
Indices  

CFI >0,9 
Hair et al., 

(2006) 0,945 

NNFI  >0,95 

Hu & 
Bentler 
(1999) 0,935  

 *** p value < 0,001 

 

5.5 – Evaluation of the Structural Model 

Hereinafter it is presented the evaluation of the structural model, following the evaluation of the 

measurement model (which revealed a reliable and valid model). The structural model evaluation 

consists on the estimation of the assumed causal and covariance linear relationships among the 

exogenous and endogenous latent variables.  

5.5.1 – Model Fit for the Structural Model  

In contrast to regression analysis, which seeks to explain relationships in a single equation, SEM intends 

to test a set of relationships represented by multiple equations. This means that SEM analysis demands 

specific measures of fit, or predictive accuracy, that reflect the overall model, not a specific relationship. 

Assess the overall model fit must precede the evaluation of any specific relationships, meaning that the 

researcher must accept or reject the entire model due to poor model fit (Hair et al., 2006). It is important 

to note that a good-fitting model is not necessarily a valid model. Models with wrong sign paths or poor 

discriminant validity can be classified as good-fitting models. Having good model fit is not prove, per se, 

of a correctly specified model. Model fit assessment should be followed by parameter estimates analysis 

to determine if the researcher is dealing with a reasonable model (Kenny, 2015). 

The theoretical model was not able to demonstrate goodness of fit (Table 20). In virtually all cases, 

researchers face this challenge and the need to modify the model emerges, so it can better account for 

the relationships among the observed variables. To determine how the model should be modified, the 

researcher should rely on modification indices (O’Rourke & Hatcher, 2013). The modification indices, in 

this study, suggested to modify the model to include two additional paths involving perceived ease of 

use, job satisfaction, and students’ influence (JSPEOU and SIPEOU). Thus, when teachers are 

satisfied, they are more willing to try a new technology (i.e. the interactive whiteboard) rising the chances 

to perceive it as easy to use. Also, when teachers find that their students encourage the use of the 

interactive whiteboard, they perceive the technology as easier to use due to their students’ support. The 
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validity of this kind of model modifications will be further discussed, but only after these modifications 

were applied, the model fit was achieved (Table 20).  

For more details about the fit indices used see section 5.4.2 

Table 20 - Model fit for the structural model - original and modified. Developed by the author 

Validity 
Indices  

Test 
Indices  Threshold Reference 

Results 
(theoretical 

model) 
Model Fit 
Verification 

Results 
(modified 
model) 

Model 
Fit 

Verific
ation 

Absolute Fit 
Indices  

Normed 
Chi square <3 

Hair et al. 
(2006) 19,322***  2,699** 

AGFI > 0,9 
Hooper et 
al (2008) 0,592  0,923 

RMSEA 

between 
0,03 and 
0,08 

Hair et al. 
(2006) 

0,221  0,067 

SRMR <0,08 

Hu & 
Bentler 
(1999) 0,077  0,012 

Incremental 
Fit Indices  

CFI >0,9 
Hair et al., 

(2006) 0,92  0,994 

NNFI  >0,95 

Hu & 
Bentler 
(1999) 0,699  0,972 

 *** p value < 0,001 ** p value < 0,01 
 

Improvements on the R2, meaning the global test of variance explained for the endogenous variables, 

were also found ( 

Table 21). The modified model explains 68,5% of the variance in perceived ease of use, 84,6% of the 

variance in perceived usefulness and 85,4% of the variance in teacher’s usage intention of the 

interactive whiteboard. Considering these results, it was decided to proceed to the hypotheses test with 

the modified model (added paths represented with green arrows) (Figure 19). 

Table 21 - R-squared for the endogenous variables - original and modified model. Developed by the author. 

Recommended R2 Reference R2 for the original 

model 

R2 for the modified 

model 

>0,6 Hair et al., 2013 

PEOU 0,457 PEOU 0,685 

PU 0,825 PU 0,846 

UI 0,837 UI 0,854 
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Figure 19 - Modified Model 

5.5.2 – Hypotheses Tests 

Proposing a causal model implies raising research hypotheses. Those can assume various forms, such 

as direct effects hypothesis (such as training has a positive effect on perceived ease of use), mediation 

hypothesis (such as perceived ease of use mediates a positive effect of training on usage intention), or 

moderation hypothesis (such as the positive effect perceived ease of use has on usage intention is 

stronger for older teachers).  

The research hypotheses in this study (Table 6) have been statistically supported by the tests performed 

in the previous section, model fit and the global test of variance explained (R2). In this section, 

hypotheses’ statistical support will be assessed through the significance of the relationships between 

the variables, consisting in a more local test than the previous section’s tests (Gaskin, 2018).  

5.5.2.1 – Mediation Hypotheses  

Prediction is a main goal of social science research that allows to know the relationship between 

independent and dependent variables. However, from prediction to knowledge, there is the need of 

explain those relationships. Investigate the mechanisms that underlie a specific relationship among two 

variables, includes examining the presence of mediators, i.e. variables that intervene in the way two 

different variables relate (Cheung & Lau, 2007). 

Traditional approaches to mediation analysis include Baron and Kenny (1986) approach in which are 

theorized that mediation can be classified as full or partial. This approach suggests that mediation should 

be established by four steps:  
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Step 1) Estimates path c (Figure 20 - Mediation Model. Adapted from Baron & Kenny (1986)., i.e. 

the direct effect, using Y as the criterion variable and X as a predictor in a regression equation.  

Step 2) Estimates path a (Figure 20 - Mediation Model. Adapted from Baron & Kenny (1986)., using 

M as the criterion and X as the predictor in a regression equation. This step assesses if the causal 

variable is correlated with the mediator.  

Step 3) Estimates path b (Figure 20 - Mediation Model. Adapted from Baron & Kenny (1986)., using 

Y as the criterion variable and both X and M as predictors in a regression equation. This evaluates 

if the mediator affects the outcome variable.  

Step 4) Tests if the effect of X on Y controlling M should be zero. This establishes if M completely 

mediates the relationship among X and Y. 

Depending on how much of these steps are met, the mediation can be classified as full (if all the steps 

are met), or partial (if the first three steps are met but the last one is not). 

 

Figure 20 - Mediation Model. Adapted from Baron & Kenny (1986). 

This traditional Baron and Kenny approach has been criticized due to the claim that mediation is stronger 

when both an indirect and a direct effect are present. Recent researches suggest that the mediation 

strength should be measured by the significance of the indirect effect, not by the lack of direct effect, 

meaning that if it is found a significant indirect effect, it can be assumed that mediation is present (Falk 

& Biesanz, 2016; Zhao et al., 2010). 

Modern techniques for testing the indirect effect a x b (Figure 20), meaning constructing confidence 

intervals for the indirect effect, include bootstrapping (Preacher, 2015; MacKinnon et al., 2012; Hayes, 

2009). Bootstrapping is a non-parametric method of resampling that is already implemented in some 

SEM software, such as AMOS, to address normality issues. This method involves resampling the 

observed data, as a mean of mimicking the original sampling process. Using bootstrap analysis to 

determine the significance of the mediated effect will generally present good performance (MacKinnon 

et al., 2012). Bootstrapping is one of the most powerful methods for testing intervening variable effects, 

it makes no assumptions regarding the sampling distribution of the indirect effect, and it is a very general 

approach suitable for making inferences about indirect effects regardless of how complex and how 

numerous are the paths between X and Y (Figure 20). 

Although the bootstrapping technique is included in AMOS, the estimation of the indirect effect a x b is 

not normally estimated by the software, meaning that it is necessary to develop a user-defined estimand 

to determine this multiplication between two values that AMOS already estimates (Amos Development 

Corporation, 2018). 
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After the AMOS estimand was developed, it was performed a bootstrap and bias-corrected confidence 

intervals, with 2000 bootstrap samples and 90% as the bias-corrected confidence level. The proposed 

model presents seven mediation hypotheses (two of them resultant from the model modification) each 

mediation hypothesis was evaluated through the significance of the indirect effect, obtained from the 

procedure explained above.  

The results shown that except for the path TSPEOUUI, which suggests that the perceived ease of 

use mediates the positive effect that technical support has on usage intention, all the other hypotheses 

were supported with p values equal or smaller to 0,021. 

Table 22 - Mediation Hypotheses Test. Developed by the author. 

Mediation Hypothesis Sig Indirect Effect Conclusion 

TPU UI p = 0,001 Supported 

TPEOUUI p = 0,017 Supported 

SIPUUI p = 0,001 Supported 

TSPEOUUI p = 0,401 Not Supported 

PEOUPUUI p = 0,001 Supported 

SIPEOUUI* p = 0,021 Supported 

JSPEOUUI* p = 0,021 Supported 

* modifications to the original model. T – training, PU – 
perceived usefulness, UI – usage intention, PEOU – 
perceived ease of use, SI – students’ influence, TS – 
technical support, JS – job satisfaction. 

 

5.5.2.2 – Moderation Hypotheses  

Moderation occurs when the relationship between two variables changes according to the value of a 

moderator variable. A variable Z is statistically supported as a moderator of the linear relationship 

between two variables X and Y if the interaction term XZ is significant. This interaction term is the result 

of multiplying X and Z together. This kind of moderation is called two-way interaction due to the 

involvement of two variables (interaction term XZ) (Dawson, 2014). 

To test the moderation hypotheses in this study, those that relate age as moderator between the 

relationship of either perceived usefulness or perceived ease of use with the usage intention, it was 

necessary to calculate the new variables PEOUxAge and PUxAge. To do so, the variables PU, PEOU 

and age were z-standardized.  

It can be decided to use the variables perceived usefulness, perceived ease of use, and age in their raw 

form or to z-standardize them before multiplication. This procedure (z-standardization) allows an easier 

interpretation of the interaction by addition and subtraction of the coefficients. However, the variable 

usage intention, as a dependent variable, was not z-standardized since doing it would not reflect the 

true variation in that variable (Dawson, 2014).  

In Table 23 the estimates and significance results are presented. The teachers’ age resulted to have no 

statistical significance for the effect on the way perceived usefulness relates with usage intention (p 

value = 0,528), contrary to what happened with the relationship between perceived ease of use and 
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usage intention (p value = 0,096). The maximum p value for the significance of the interaction effect is 

0,1 since this kind of effect is often weaker than other effects, so the 90% confidence level is acceptable 

(Dawson, 2014).      

Table 23 - Moderation Hypotheses Test. Developed by the author. 

  Path Hypothesis  
Path 
Coefficient  t-value  Conclusion 

Moderation 
PEOUxAgeUI H10 0,046* 1,665 Supported 

PUxAgeUI H11 -0,017(NS) -0,632 Not Supported 

PEOU – perceived ease of use, PU – perceived usefulness, UI – usage intention 
* p < 0,1  
(NS) not significant, p values greater than 0,1 

 

To better understand the moderation effect, researchers usually plot the effect (if there is statistical 

significance for that hypothesis), so it can be interpreted visually (Dawson, 2014). These plots are 

determined based on the estimates of the independent variables (PEOU = 0,124), the moderator (Age 

= -0,078) and the interaction (PEOUxAge = 0,096). To plot these effects there are various online 

resources, the Figure 21 was obtained resorting to an excel sheet suggested by Dawson (2014). 

 

 

Figure 21 - Moderating effect of age on perceived ease of use - usage intention relationship. 

In Figure 21 it is possible to understand how the relationship between perceived ease of use and usage 

intention is always positive, but it is more relevant for older than for younger teachers. Meaning that the 

easiness of the interactive whiteboard is a more important factor for older teachers. Knowing the ageing 

of this professional class in Portugal, this result is of particular interest.  
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5.5.2.3 – Direct Effect Hypotheses 

Hereinafter are presented the results for the direct effects between the proposed variables with the 

conclusions if those were supported or not, considering the path coefficients and their statistical 

significance (Table 24). High significance was found for almost all paths with p values equal to 0,001, 

except for the influence of perceived ease of use in usage intention (H8) whose p value equals 0,006. 

The most influential factor in usage intention is perceived usefulness with a path coefficient of 0,456. 

Two hypotheses were not supported, namely the training influence in perceived usefulness (H1) and 

the influence of technical support in perceived ease of use (H5). H1 was statistical significant at a 0,001 

level, though the path coefficient presented the opposite sign, meaning that an increased perceived 

usefulness would increase training, contrary to what was proposed. H5 failed due to lack of statistical 

significance (p value = 0,496). 

Table 24 - Direct effect hypotheses. Developed by the author. 

  Path Hypothesis  Path Coefficient  t-value  Conclusion 

Direct 
Effect  

TPU  H1 -0,108*** -4,438 Not Supported 

TPEOU H2 0,216*** 6,008 Supported 

SIPU H3 0,783*** 27,51 Supported 

PEOUPU H4 0,231*** 7,195 Supported 

TSPEOU H5 0,031(NS) 0,68 Not Supported 

SIUI H6 0,296*** 6,121 Supported 

PUUI H7 0,456*** 9,296 Supported 

PEOUUI H8 0,095** 2,77 Supported 

JSUI H9 0,158*** 5,234 Supported 

JSPEOU H12 0,384*** 8,513 Supported 

SIPEOU H13 0,372*** 9,839 Supported 

*** p = 0,001  
** < 0,01 
(NS) not significant 

T – training, PU – perceived usefulness, PEOU – perceived ease of 
use, SI – students’ influence, TS – technical support, UI – usage 
intention, JS – job satisfaction.  

 

The t value is expected to behave approximately as a standardized normal variate. Thus, considering a 

0,05 α-level, values between -1,96 and 1,96 mean significance issues (Yung, 2008). The only 

hypothesis with troubles in this statistic is H5 which was already found not supported.  

Figure 22 presents the path diagram for the structural model, with the path coefficients and significance 

as well as the t values in parenthesis. This structural model considers the previous modifications, which 

were found significant (H12 and H13), and the moderation effects tested previously.  
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Figure 22 - Path diagram for the structural model. *** p value = 0,001; ** p value < 0,01; * p value < 0,1. 

5.5.3 – Final Model and Model Fit  

Considering the previously stated results, the validated model (Figure 23) is slightly different from the 

proposed one (Figure 16). The major difference is the loss of the technical support variable due to lack 

of statistical significance that will be further discussed. The moderator variable age did not show effect 

on the relationship between perceived usefulness and usage intention. Finally, training was not found 

to have a direct effect on perceived usefulness.  

 

Figure 23 - Final model. 

The model fit for this structural model (the model without the non-significant paths) was assessed (Table 

25). For more information on the indices reported see section 5.4.2.  
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Table 25 - Model fit for the final model. Developed by the author. 

Validity Indices  Test Indices  Threshold Reference Results  
Model Fit 
Verification 

Absolute Fit Indices  

Normed Chi 
square <3 

Hair et al. 
(2006) 

1,569* 

AGFI > 0,9 

Hooper et 
al (2008) 0,958 

RMSEA 
between 0,03 
and 0,08 

Hair et al. 
(2006) 

0,039 

SRMR <0,08 

Hu & 
Bentler 
(1999) 0,012 

Incremental Fit 
Indices  

CFI >0,9 

Hair et al., 
(2006) 

0,998 

NNFI  >0,95 

Hu & 
Bentler 
(1999) 0,991  

 
* p value = 0,1 

 

The loss of that link between training and perceived usefulness resulted in a decrease of the r-square, 

total variance explained, for this variable (PU). The values for perceived ease of use and usage intention 

remain the same.  

Table 26 - R-squared for the endogenous variables - final model. Developed by the author. 

Recommended R2 Reference R2 for the modified 

model 

>0,6 Hair et al., 2013 

PEOU 0,685 

PU 0,838 

UI 0,854 
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6 – Results Discussion  

This chapter discusses some of the results obtained, construing the reasoning behind them, and the 

decisions made.  

6.1 – EFA results 

By performing an exploratory factor analysis in a structural equation modeling study, the researcher 

intends to explore the inter-relationships among the variables to understand how those variables can be 

grouped into a set of underlying factors. However, when the researcher is looking to validate a scale 

with a hypothesized factor structure should rely on confirmatory factor analysis (Matsunaga, 2010).  

In this research, the EFA brought relevant insights into the measurement model. This analysis 

suggested that TS2, an item proposed for the technical support variable, should be measuring the 

training variable, and some important cross loadings were found. Ideally, the observed variables for one 

variable would strongly load only in one factor, but in practice such condition can be rare (Osborne & 

Costello, 2005).  

The EFA suggested, based on the scree test, that five factors should be enough to explain the variation 

in the model, since students’ influence, perceived usefulness and usage intention loaded together. Such 

results suggest discriminant validity issues. In fact, the traditional approaches to assess discriminant 

validity include the Fornell Larcker criterion, as well as the examination of cross loadings (Henseler et 

al., 2015). To better understand this, the three problematic variables were factor analyzed separately 

from the other variables. When the number of components to extract is based on the eigenvalues, these 

items load all together in one component, but when this extraction was fixed to three components, the 

cross loadings found pass the test of the loading in the expected component being higher than the cross 

loadings (Gotz et al., 2010), although SI2 failed the test of cross loadings values lower than 0,4 (Hair et 

al., 2006).  

The approach taken of deleting the items with higher cross loadings is inspired in what is recommended 

to do in EFA with a second order construct, since in those cases the subdimensions of that factor all 

load together, instead of in separate factors, as in this case (Gaskin, 2018). Only one item per variable 

was deleted, since three items are the minimum number of items recommended to measure a latent 

variable (Marsh et al., 1998). This procedure is expected to improve discriminant validity and in fact, that 

was supported afterwards during the CFA with the Fornell Larcker criterion. In the future, this problem 

may be addressed by either a bigger sample, more and better-defined items to measure these variables, 

and it may be interesting to test the discriminant validity with alternative approaches (Henseler et al., 

2015). 

The order of the questions on the survey was randomized, since presenting the items for the same 

variable in sequence could influence the respondent to answer in a certain way. The item TS2, proposed 

to measure the latent variable technical support, was randomly placed in the survey between two items 

related to the variable training. During the exploratory factor analysis, it was found that this item was 

loading with the training items. This can also be due to the way the item was defined, since it could be 

misleading: “Specialized instruction considering the use of the interactive whiteboard was given to me”. 
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The confirmatory factor analysis for the measurement model supported this scale modification, 

specifically the estimates and the reliability measures for the construct training. Again, the redefining of 

the measurement scale with a better-defined item to replace TS2 as a measure of technical support 

may address this problem.  

6.2 – The loss of JS4 

JS4 was deleted during the measurement model evaluation due to poor loading (SE <0,7) (Henseler et 

al., 2009). The responses for this item were subject to a scale reversion procedure, since this sentence 

(“I wonder whether if it would have been better for me to choose another profession.”) was presented in 

opposite terms to the others in the survey. This means that an unsatisfied teacher would be expected 

to agree with this sentence, while disagreeing with other sentences for the same variable such as “I 

would recommend my job as a great profession to have in my country”, or “I feel that my work is 

recognized by society”. The definition of this item should be overhauled in the future, since this opposite 

interpretation of the scale might be misleading to the respondent. The values obtained for JS4 item (y) 

were reversed following the equation 8 - y = w, this w values were used for the data analysis.  

Loosing items due to poor loading is common in such an analysis, what is interesting in the loss of this 

item is that not only brings information concerning the measurement model and how it should be revised, 

but it reflects meaningful information about the job satisfaction in this professional class. The answers 

to this item were quite extreme, 48% of the answers were either “strongly disagree” or “strongly agree”. 

However, the percentage of teachers who strongly disagree with this item did not necessarily strongly 

agree with the other items, and these differences are the reason for the poor loading found. This item 

does not properly measure the job satisfaction, since a teacher who has no doubts regarding his or her 

vocation, does not necessarily recommends the profession, or considers that the profession is properly 

valued (Figure 24, Figure 25, Figure 26, Figure 27, Figure 28).  

 

 

Figure 24 - Answers for the JS4 item - "I wonder whether if it would have been better for me to choose another 
profession." from 1 - strongly disagree to 7 - strongly agree. 
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Figure 25 - Answers for the JS1 item - "I would recommend my job as a great profession to have in my country" 

from 1 -- strongly disagree to 7 - strongly agree. 

 

 

Figure 26 - Answers for the JS2 item - "I feel that my work is recognized by society." from 1 - strongly disagree to 
7 - strongly agree. 

 

 

Figure 27 - Answers for the JS3 item - "I feel highly motivated at my work to do even more than what is asked." 
from 1 - strongly disagree to 7 - strongly agree. 
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Figure 28 - Answers for the JS5 item - "I feel that my work is valued by my superiors." from 1 - strongly disagree 
to 7 - strongly agree. 

6.3 – Model Modifications 

When performing structural equation modeling, the researcher needs to test the goodness of fit for both 

the measurement and structural models. The researcher should not report every one of those indices 

included in the program’s output, but a selection of them (Hooper et al., 2008). It was decided to use the 

most recommended indices for both categories absolute and incremental fit indices. There are indices 

related to the parsimony of the models, but those have no recommended thresholds, which makes them 

difficult to interpret (Hooper et al., 2008).  

The theorized model presented poor goodness of fit, which means that the model yielded to an attempt 

of disconfirmation. It performed good in CFI and SRMR tests but failed in the others of absolute and 

incremental fit. When such result comes out, the researcher needs to modify the original model to better 

account observed relationships between the variables and check if the modified model now 

demonstrates good fit (O’Rourke & Hatcher, 2013). 

The modified model achieved goodness-of-fit. Comparing the modified and the original model’s 

goodness of fit it is possible to notice improvements in all indices, and that the p-value for the normed 

chi-square is higher for the modified model, which, in fact, means better fit. The chi-square is the most 

common method for evaluate goodness-of-fit. In this study, it is divided by the degree of freedom, so 

the sample size does not have a major influence in this value. In structural equation modeling, a low 

value for the normed chi-square, indicating non-significance is actually pointing goodness of fit, since it 

means that there is no considerable differences between the actual and predicted matrices. The p-

values indicate whether a model is significantly different from the hypothesized model, indicating 

whether a path should exist or not between the variables. A higher p-value indicates that the observed 

model is not significantly different from what was expected (Hoe, 2008).  

The recommendation on how to deal with poor fit models is that the researcher should rely on 

modification indices to perform such modifications to the model that the goodness of fit would improve. 

The steps to modify a model include: starting by the modification that result in greatest model fit 

improvement; analyzing the fit, and reviewing the modification indices to identify the next change that 

would provide greatest improvement (O’Rourke & Hatcher, 2013). The modification indices proposed 
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two new paths, from job satisfaction to perceived ease of use, and from students’ influence to perceived 

ease of use. Only after these two modifications were applied, the model achieved goodness-of-fit. The 

first modification suggested that if a teacher is satisfied with his or her job will be willing to try a new 

technology, with less resistance to change, the interactive whiteboard is perceived as easier to use. The 

second proposed that if a teacher considers that his or her students value the use of the interactive 

whiteboard will be willing to help with any technical concern, so they perceive the technology as easier 

to use.  

This dissertation does not state the final model (with the modifications and the links loss due to poor 

statistical support) as either valid or invalid. This model remains as a proposal as well as the theoretical 

model. However, these results brought theoretical contributions to be further discussed. There is a 

multitude of models able to explain a situation and those different models should be tested against each 

other, meaning that a researcher should not stop with a good model (Nachtigall et al., 2003). 

The model modifications were needed to achieve model fit, and there is both statistical and logical 

support for those new relationships, as recommended (Nachtigall et al., 2003). Still, and as stated before 

in this work, fitting the data in one trial does not mean that the model will generalize to other samples 

from the same population (Byrne, 1998).  

The technology acceptance model (TAM) or the unified theory of acceptance and use of technology 

(UTAUT) are well-established models in the literature with strong support, however it is possible to find 

studies in which TAM or UTAUT present poor fit or non-supported hypotheses (Thomas et al., 2013; 

Teo et. al 2008; Masrom, 2007; Hu et al., 1999) Modifying the model based on modification indices to 

achieve fit is an approach to be taken carefully, but commonly adopted in similar studies (Teo et al., 

2016; Krishnan & Hunt, 2015; Thomas et al., 2013; Rose & Fogarty, 2006; Chau, 1996). This suggests 

that more studies with different samples are required to properly test the model so it can be validated 

and generalized.  

6.4 – The loss of technical support 

During the hypothesis tests, some of the proposed relationships were supported and others were not. 

One of the most important non-supported hypothesis was the effect of technical support in perceived 

ease of use. This influence is supported logically and by previous research (Venkatesh & Bala, 2008), 

although it was not statistically supported, and that resulted in the loss of this variable since it was the 

only link in this model. With this and other paths resulting to be not supported, the final model ended up 

more parsimonious than the original one, with ten proposed relationships when the theoretical model 

proposed eleven.  

Previous research focused on the technology integration in schools concluded that in Portugal the 

percentage of pupils whose teachers agreed a lot that they had ready access to computer staff in their 

school was 13,4%, one of the third lowest percentage in the study (Cosgrave, et al., 2014). By examining 

the answers to the items proposed to measure technical support it is possible to understand that the 

teachers do not perceive an efficient technical support as being available to them (Figure 29, Figure 30, 

Figure 31).  
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In 2008, Teo et al. presented a study in which Singapure an Malasyan pre-service teachers samples’ 

results were compared and found out that one of the TAM’s proposed paths was lacking statistical 

support in the Singapore sample and was supported by the Malasyan sample. Understanding the 

differences between samples seems relevant to understand if this variable actually has some influence 

in technology acceptance and how that happens. For instance, the differences between public and 

private-schools teachers in this domain is interesting for future research. 

 

Figure 29 - Answers for the item TS4: "My school provides technical support to enhance the use of this 
technology" 

 

Figure 30 - Answers for the item TS1: "In case of need, there is someone available to provide timely assistance 
regarding my difficulties with the interactive whiteboard.” 

 

Figure 31 - Answers for the item TS3: "In case of need, I know where to seek assistance regarding the usage of 
this technology"  
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7 – Conclusions  

This chapter presents the major limitations and directions to future work accordingly to the results 

obtained and finishes with the final considerations in which are stated the contributions of this work.  

7.1 – Limitations  

Before presenting the main contributions provided by the results of this study in detail, it is important to 

state the major limitations found.  

First, as any statistical study that relies on a sample, the results presented, and the validated paths of 

the proposed model, should be carefully transposed to the population. Although the sample size 

requirements for the techniques applied were met, at least 200 respondents according to Kline (2010), 

this study included 377 teachers whereas in Portugal there are 145 549 teachers (PORDATA, 2018). 

Also, the sample was too small in other contexts, for example, some groups are poorly represented, 

such as the 20-29 years old in age (although with the ageing of the profession in Portugal, there are 

only 0,7% teacher under 30), the 40 or above in years of experience, the male in gender (although, 

again, this is consistent with the reality of this profession in Portugal), and the special education in school 

subject. If all the groups were fairly represented, a multi-group analysis to understand the differences in 

technology acceptance between these groups would be interesting to perform.  

Regarding the external validity of the current study, there is another limitation. The context of this study 

is unique as it addresses the characteristics of the teaching class in Portugal  

There is disagreement on the literature regarding the number of items per factor to get the most reliable 

results from the confirmatory factor analysis. There is agreement that at least three items per factor 

should be used. However, authors indicate that the 12 items per factor CFAs behave better (Marsh et 

al., 1998). In this study that would imply a survey almost three times bigger than the one that was used. 

It is required a balance between the size of the survey and the sample size, since a bigger form could 

keep away potential respondents while a too small survey would not collect enough information. 

However, some of the problems faced during data analysis could have been overpassed with more 

items per factor.  

Another limitation of this research was the respondents’ interpretation of usage of the interactive 

whiteboard, since previous studies and the interviews conducted for this dissertation noted how this 

technology is mainly used as a projection screen (Machado et al., 2016), and this study intended to 

understand the usage intention of the interactive whiteboard exploring its full potential. To overcome 

this, the survey included, in the information box, the statement: “Note that, for context of this study, the 

usage of the interactive whiteboard is considered as an interaction with its software, so the exclusive 

usage of the respective video-projector is not considered as actual usage.” However, it is possible that 

this information may have gone unnoticed.  

7.2 – Future Work 

There is the need to test the research model with other samples so both the originally proposed and 

modified models can be tested against each other to properly understand which is the most valid and 

the one that will better generalize to the population.  
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There is also room for improvements in the measurement model, with more and better-defined items 

per factor, which is expected to contribute to better results during the structural model analysis and to 

improve the discriminant validity at the item level.  

Future research may focus on more details related to the teachers’ decision-making process of 

accepting the interactive whiteboard. It is suggested a multigroup analysis to better understand the 

differences between gender; primary, middle and high school teachers; subject areas; or private and 

public-school teachers. Such analysis would have sample size constraints in what regards the 

representation of each group, since it requires splitting the sample into the desired groups and then 

analyze the differences between the path coefficients.  

There is an open discussion in structural equation modeling literature regarding the best approach to 

perform this analysis, if the covariance-based SEM or the variance-based partial least squares SEM. In 

this work the SEM analysis was expected to give a more confirmatory perspective than exploratory, 

since the research model was proposed prior to the data analysis. To examine the robustness of the 

model it would be important to perform a parallel analysis, by testing the path significance and the 

explanatory power of the model using PLS.  

Finally, studying the progression from intentions to actual usage of the interactive whiteboard seems 

important, although quite complex, since it depends on the context of each school. Not every classroom 

is equipped with the technology and the teachers may be allocated to classrooms without the interactive 

whiteboard resulting in low usage from a teacher that might have high usage intention. 

7.3 – Final considerations 

The main objective for this dissertation was to develop a model able to predict determinants of teachers’ 

intention to use the interactive whiteboard. To provide both the context and the theoretical background, 

this dissertation’s first chapters regard the problem definition and the literature review.  

This dissertation included a careful analysis of both the availability of technological assets in Portuguese 

schools and how its teachers make use of those assets, being the most recent technological plan for 

education (TEP) analyzed and assessed.  

In what concerns the use of technology by Portuguese teachers, it was found that these professionals 

are confident and skilled (as attested by both national and international reports), making a regular use 

of some technologies, particularly the computer and the video projector, assets brought by the TEP 

along with the interactive whiteboard. Although the investment in new computers for schools has 

declined over the years, the investment and the availability of the interactive whiteboards has been 

increasing, resulting, according to the most recent data, in a 54 million euros investment (estimated 

value). These findings were particularly interesting for this study, since the interactive whiteboard is, by 

far, the least used technology of those brought by the TEP, being mainly used as a projection screen, 

with its interactivity rarely exploited. 

As proposed in this work’s introduction chapter, some professionals were interviewed, mainly teachers 

involved in the local teams nominated to implement the TEP, along with some teachers with relevant 
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administrative roles in their schools. From these interviews, it was possible to confirm how a new 

technological plan is needed for the next years since most of the assets brought by the TEP are 

nowadays outdated. Also, some barriers to the acceptance of a new technology were asked and rated 

by the interviewees. The most rated factors were age and training, followed by perceived usefulness, 

perceived ease of use, technical support, students influence, and job satisfaction. Those were then 

crossed with the results of the literature review, to find the best option to integrate them into a model. 

The age and the job satisfaction factors were supported by the characterization of the professional class 

that revealed an ageing class, at the podium of the teachers who work the most in Europe, who feel 

undervalued and unsupported by their superiors.  

From the problem definition chapter, with the analysis of the OECD’s and the Education Ministry’s 

reports, along with the interviews, were gotten not only factors of great importance to be integrated into 

the research model, but also a technology in which the acceptance questions should be centered: the 

interactive whiteboard. The models used in technology acceptance studies may be used to study the 

acceptance of technology in general or the acceptance of a specific technology. Being these teachers 

capable users of some technologies, it made more sense to study the usage intention of a single 

technology. From this study, it is intended to understand what are the factors that determine the intention 

to use the interactive whiteboard, giving important insights for the implementation of future technologies 

in Portuguese schools.   

By crossing the information of the problem definition and the literature review chapters, it was possible 

to find many of the variables pointed by the interviewees frequently referred as relevant in the teacher’s 

technology acceptance studies. The most relevant models for this kind of study were reviewed and 

compared. The context in which the model is applied influences its suitability, existing even studies in 

which the results for the same model in different cultures are compared.  

The literature suggests TAM as the most suitable model due to its strong theoretical support and 

parsimony. However, the constructs proposed in TAM were not enough to reflect the phenomenon in 

study, as suggested by the problem definition chapter and the literature review of other studies 

performed regarding teachers’ technology acceptance. For instance, the interviews proposed the 

influence of job satisfaction and that came to scene due to the particularities of the teaching career in 

Portugal, such as the extended period of no progression and its consequences. The proposed model 

suggests that a less satisfied professional would have lower motivation to use the interactive whiteboard 

because this is a technology that demands time and dedication to learn how to use, which was supported 

by the interviews. This variable may not apply to different cultures and contexts. Also proposed by the 

interviews, the variables age, training, and students’ influence were added to the model. Previous 

studies assessing the technology education plan state that this program did not completely accomplish 

its objectives due to the minor investment in training and some resistant to change. Finally, the literature 

suggests that technical support is an important facilitating condition to be considered. Considering this, 

TAM was extended by modeling the relationships between the proposed variables accordingly to what 

was remarked by other models and extensions.    
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The analysis of the proposed measurement and structural models relied in the structural equation 

modeling (SEM), which contrary to the first generation of analysis methods (such as ANOVA or 

regression), enables the modeling of multiple layers simultaneously. It was found that using covariance-

based SEM was more suitable due to the mainly confirmatory nature of this study.  

This study offers methodological contributions by examining predictors of technology acceptance 

proposed by well-established models in a different context and country to those in which these models 

were developed. Overall, the constructs presented high degree of reliability, convergent and 

discriminant validity, and the measurement model was able to meet the requirements of the most 

important fit indices. However, the structural model failed in satisfying the majority of the fit indices. This 

led to the addition of two new paths to the originally proposed model, accordingly to what was suggested 

by the modification indices. These modifications were discussed, and it was found that this is a common 

practice when the researchers face model fit constraints. After all, the structural model fit the data and 

most of the paths were statically significant.  

Overall, the results of this study made several theoretical contributions. The original TAM was extended 

by adding some context related variables, such as training, job satisfaction, students’ influence, technical 

support and the moderation of age. Except for the variable technical support, all variables were found 

relevant factors to explain the usage intention. So the main question for this study may be answered as: 

the teacher-related barriers to the acceptance (considering usage intention) of the interactive whiteboard 

are students’ influence (if the teachers believe their students expect them to use the technology), the 

perceived usefulness, the perceived ease of use, the job satisfaction, the training (through the influence 

it has on perceived ease of use) and the age (through the raised importance of perceived ease of use 

for older teachers).  

After the model modifications needed to achieve model fit were performed, the research model explains 

around 69% of the variance in perceived ease of use, 85% of the variance in perceived usefulness and 

85% of the variance in usage intention. 

The technology innovation in schools is a complex yet extremely relevant issue that is dependent on the 

teachers’ acceptance. This dissertation confirms the importance of teachers’ perceptions (perceived 

ease of use, perceived usefulness, students’ influence) and age, as well as environmental factors 

(training and job satisfaction), as determinants of usage intention. If decision makers are aware of the 

key factors involved in teachers’ intention to use a new technology, they can properly intervene in the 

efficiency and effectiveness of the technology usage in the classroom.  
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Appendix 1 – Survey Questionnaire  
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Appendix 2 – Survey answers 
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Appendix 3 – From research items to question number in the questionnaire 
 

Question 
Number 

Item 

1 UI1 

2 

 
TS4 

3 PU4 

4 UI3 

5 T4 

6 TS2 

7 T2 

8 UI2 

9 PEOU1 

10 SI2 

11 PU2 

12 JS3 

13 PEOU2 

14 UI4 

15 PU3 

16 PEOU4 

17 JS4 

18 SI3 

19 TS1 

20 SI4 

21 PEOU3 

22 T1 

23 SI1 

24 JS5 

25 UI5 

26 T3 

27 TS3 

28 JS2 

29 PU1 

30 JS1 

 

 



A - 20 
 

Appendix 4 – Interview script 

1.Que tecnologias são, hoje, disponibilizadas aos professores? E dessas quais são as mais e menos 

utilizadas? 

2.Considera que existem oportunidades de formação para o uso adequado da tecnologia disponível? 

3.Na sua atividade profissional, a que tecnologias dá uso e de que forma estas constituem uma 

importante ferramenta para o seu trabalho? 

4.Qual o papel da gestão da escola no incentivo ao uso de tecnologia? Que orientações são dadas por 

parte das direções da escola ou pelo ministério?  

5.Considera possível o exercício da profissão sem qualquer recurso a tecnologia?  

6.Quais são, na sua opinião, os maiores obstáculos à aceitação de uma nova tecnologia por parte dos 

professores portugueses?  

7. Pedir para classificar os factores de acordo com a relevância que podem ter na aceitação, por parte 

dos professores, de uma nova tecnologia trazida pelo ministério. 

Nota: O/A professor/a pode acrescentar algum fator que lhe pareça particularmente relevante e esteja 

em falta.  

a)Formação  

b) Apoio técnico  

c) Incentivos da gestão (direção de escola ou ministério) 

d) Influência dos pares (opinião de colegas acerca do uso de tecnologia) 

e) Influência dos alunos  

f) Idade 

g) Género 

h) Experiência profissional 

i) Precaridade/descontentamento profissional (Vários anos de congelamento de carreira levam os 

professores a corresponder apenas ao necessário; ou professores mais jovens, sem perspetivas de 

continuidade na escola em que se encontram não investem em aprender novas tecnologias que 

possam depois não estar disponíveis numa nova escola). 

j) Utilidade da tecnologia em questão para o exercício da profissão 

k) Facilidade em usar a tecnologia em questão  

l) Área de ensino (departamento a que pertence) 

8.Após uma década da sua implementação, considera que o PTE cumpriu os seus objetivos no que 

respeita o incentivo ao uso de tecnologia por parte dos professores? 

 

 


