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Globally, there is considerable investment in education technologies leading to increased attention from 
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Teacher Cooperation and Education Levels as Contributors of Teachers’ ICT Use 
 

Technology advancements continue to alter and disrupt the traditional ways of 

communicating, ways of engaging in commerce, and ways of sharing knowledge in our world. 

Information and communication technologies (ICT) refers to electronic devices (e.g., laptops, 

Chromebooks), handheld devices (e.g., iPads, iPods), interactive devices (e.g., interactive white 

boards), application software, and social media platforms (e.g., Twitter, Facebook). ICTs have 

become integral in daily living. With increased ubiquity coupled with increased attention from 

stakeholders, countries around the world continue to invest heavily in ICT for education despite 

inconclusive findings on the effectiveness on learning (De Witte & Rogge, 2014; Trucano, 

2017). However, it is often assumed that the mere presence of ICT in the classroom will lead to 

changes in instructional practices and enhance student learning in core subjects such as 

mathematics. In the United States, although schools and classrooms have also experienced a 

proliferation of ICT, teaching practices using ICT remain largely unchanged (Bain & Weston, 

2012; Cuban, 2001, 2013; Peck et al., 2015). Scholars report that instructional practices with ICT 

remain teacher-centered with little attention towards the development of teaching and learning 

opportunities that promote creativity and high-order thinking (Hughes & Read, 2018). Relatedly, 

education reforms have an increased focus on emphasizing educational experiences that provide 

learners with opportunities for creativity, collaboration, and the development of critical thinking.  

Therefore, it is safe to say that this proliferation of ICT has not occurred in a vacuum. 

The increase in ICT in classrooms exists in an educational landscape characterized by education 

reform movements, high stakes testing, and teacher accountability, all efforts deemed to improve 

teacher quality, increase student achievement, and prepare students for the 21st century. 

Arguably, these shifts in the educational landscape are a product of the involvement of global 
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players such as the Organization for Economic Cooperation and Development (OECD), the 

World Bank, and the global technology industry in influencing educational policy developments 

around the world and subsequently contributing to the remaking of classrooms (Akiba, 2017; 

Fullan, 2015; Pont, 2018). One major shift was the introduction of mobile technology in 2007, 

which changed the understanding of ICT and its utility. Some of these shifts require educators to 

prepare students for a knowledge-based economy in an increasingly connected global 

environment (Darling-Hammond, 2010; Friedman, 2005; OECD, 2012). Additionally, the results 

of international student performance assessments (e.g., Programme for International Student 

Achievement [PISA]) have increased the expectations of education systems and resulted in calls 

for schools to innovate (Altrichter & Posch, 2009; Lingard et al., 2013). Following the massive 

school closures brought by COVID-19, many countries resorted to incorporating ICT as a 

solution to the unprecedented disruptions in teaching and learning. Although distance-learning 

approaches have been heralded as alternatives to regular online learning, Selwyn (2021) posits 

that these digital responses for learner continuity should be more aptly understood as 

“emergency remote schooling” (p. 3). Scholars (e.g., Hodges et al., 2020) have echoed this 

sentiment and defined the teaching during the COVID-19 pandemic as emergency remote 

teaching that served as a response to a crisis. 

Investing in technology for teaching and learning is seen as a catalyst to spark innovation 

and prepare global learners (McKnight et al., 2016). However, there is a need for a focus beyond 

access to ICT to an examination of how teachers use ICT in instruction as well as teachers’ 

views about ICT and learning (Ditzler et al., 2016). Research on how teachers use ICT in 

teaching and learning is growing but is still limited compared to research on different educational 

aspects (McKnight et al., 2016, Schuetz et al., 2018; Willis et al., 2019). Additionally, emerging 
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evidence shows that research focused on technology integration covers a broad variety of types 

of technologies, in different contexts, for different purposes (Bray & Tangney, 2017). Therefore 

it is important to understand that learning technologies exist in different environments and for 

different purposes. 

Examining the school context (school context refers to the environment where teaching 

and learning takes place) and the different relationships among key stakeholders (e.g., teachers, 

students, school leaders) in a learning environment can reveal assumptions about ICT and 

provide insights into ICT integration (Fullan, 2015). These relationships can explain the factors 

that contribute to the varied ways that teachers use ICT in instruction, challenges in effectively 

integrating ICT, and the impact that ICT-enhanced instruction has on both student academic and 

non-academic outcomes. Most importantly, it is imperative for stakeholders (e.g., researchers, 

policy makers, school leaders) to collaborate with curriculum developers and teachers in aligning 

curriculum with ICT goals to design a coherent vision of the role of ICT in classrooms for the 

benefit of student learning.  

Students need mathematics skills in various settings beyond the classroom to be 

successful (Clarke et al., 2014). In the United States, low rankings in mathematical performance 

have fueled educational reform practices to better equip students with the necessary skills for a 

competitive global market (Turgut, 2013). Low student mathematics performance in the U.S. 

persists despite increased spending in K-12 education (McFarland et al., 2017). For instance, the 

PISA is an international assessment administered every three years to assess the reading, 

mathematics, or science skills of 15-year-olds in participating OECD countries, and PISA results 

from the 2018 examinations show that in the United States, students struggle with understanding 

real-life mathematics scenarios and developing mathematical models when solving mathematical 
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problems (OECD, 2019). Researchers have posited that technology has affordances that can 

improve mathematics instruction (Bray & Tangney, 2017). ICT can be used in mathematics 

instruction to provide students with real-life examples and opportunities to develop modeling 

skills, promote students’ understanding of abstract mathematical concepts, make conjectures, and 

develop high-order skills. Scholars argue that technology can foster student engagement in 

mathematics (Evans et al., 2015; Haydon et al., 2012). However, it is unclear whether teachers 

make these higher-order learning opportunities available to students, especially using ICT across 

content areas (Hennessy et al., 2005; Howard et al., 2015). 

To this end, the purpose of this study is to embrace a global outlook in understanding 

education trends, with a special focus on teachers’ ICT use in mathematics instruction. The study 

accomplishes this objective by using data from the Teaching and Learning International Survey 

(TALIS) (OECD, 2013). In 2013, the TALIS survey was the first international series of surveys 

with a major focus on the learning environment and working conditions of teachers in schools. 

The survey examined pedagogical and professional practices of teachers as well as how school-

level policies and practices shaped the working and learning environment. In this study, ICT use 

is defined as how teachers incorporate ICT in mathematics instruction. The mathematics 

questionnaire had a question on ways that teachers use ICT. These included use of topic-specific 

software, drills and practice, spreadsheets, the internet, and assessments.  

Background 

International Trends in ICT 

Countries around the world have invested heavily in ICT for education, and this has led 

to increased attention from stakeholders compared to a decade ago when discussions on ICT 

were very limited (Trucano & Dykes, 2017). Arguably, the dynamic nature of ICT offers 
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affordances previously absent from the learning environment and provides teachers and learners 

with tools that can enhance creativity, collaboration, and critical thinking. As technology costs 

have decreased, proliferation of ICT in classrooms has taken different forms (e.g., 1:1 initiatives) 

where schools provide each student with a device (e.g., laptop, Chromebook) or schools ask 

students to bring their own devices. With increased connectivity and the ubiquitous nature of 

ICT, learning is taking place beyond traditional parameters (e.g., classroom walls, regular school 

day) and across geographical locations. However, even with increased connectivity, a digital 

divide exists within countries either between urban and rural areas and/or between high and low-

income schools (Chen, 2015).  

Proliferation of ICT has also brought to the fore discussions about pedagogical 

innovations and effects on learning outcomes. With ICT affordances such as personalized 

learning, immediate feedback, and data-based decision making, it is argued that teaching 

approaches will become more student-centered and less teacher-centered (El Yacoubi, 2013). 

However, the overall effectiveness of ICT on learning outcomes remains mixed with the reality 

of teachers underutilizing ICT in meaningful and enriching ways. Overall, the dynamic nature of 

ICT continues to change educational experiences for students in places around the world. 

However, success in ICT hinges on a number of factors, such as effective leadership and 

systemic changes in the organizational structures (i.e., schools and classrooms) (Trucano & 

Dykes, 2017). Effective leadership involves the development of a shared vision on ICT in 

instruction, identification of the right contextual drivers, and an understanding of the role of 

aligned curriculum, teacher training, and shared vision (Fullan, 2015). An elaborate discussion 

on these factors is beyond the scope of this manuscript.  
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ICT and Mathematics 

Students need mathematics skills in various settings beyond the classroom to be 

successful (Clarke et al., 2014). In the United States, low rankings in mathematical performance 

have fueled educational reform practices to better equip students with the necessary skills for a 

competitive global market (Turgut, 2013). With limited evidence on the effects of spending more 

on a student’s education, low student mathematics performance persists despite increased 

spending in K-12 education (Guglielmi & Brekke, 2017). In 2015, the U.S. ranked 38th on the 

PISA (OECD, 2012). The PISA 2012 results show that in the United States, students struggle 

with understanding real-life mathematics scenarios and developing mathematical models when 

solving mathematical problems (OECD, 2012).  

ICT affordances provide teachers and students with tools that can allow for multiple 

engaging ways of learning mathematics. ICT can provide students with real-life examples, 

opportunities to develop conjectures, modeling skills through simulation, graphing software, and 

connections with experts in different fields (Webb & Cox, 2004). In addition, coupled with 

effective pedagogy (Willis et al., 2019), teachers can use ICT in mathematics instruction to 

promote students’ understanding of mathematical skills and concepts, make conjectures, and 

develop high-order skills. However, it is unclear whether teachers make these higher-order 

learning opportunities available to students, especially using ICT. Despite this mismatch of 

required skills, ICT proliferation in the classrooms, and lackluster learning opportunities, 

available literature addresses ICT use and student achievement with little attention to teachers’ 

ICT use across content areas (Hennessy et al., 2005; Howard et al., 2015). The ICT affordances 

provide teachers and students with tools that can allow for different ways of investigating, 

developing, and learning mathematics. Research shows mixed results of ICT on K-12 students’ 
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mathematics engagement or achievement depending on the grade level and the targeted 

objectives (Willis et al., 2018). For instance, Schuetz et al. (2018) found that second-grade 

students in mathematics instruction (addition, subtraction, and word problems) who used 

technology and students who used paper/pencil were equally engaged. Scholars (e.g., Hilton, 

2018; Ke, 2008; Musti-Rao & Plati, 2015; Ok & Bryant, 2016) found that students in grades 

three to five showed a significant positive effect on student engagement from teaching with 

technology. Similarly, researchers found that student engagement, time on task, and attitudes 

increased from technology-based instruction (Glassett & Schrum, 2009; Li & Pow, 2011; 

McClanahan et al., 2012; McKenna, 2012; Ok & Bryant, 2016; Rosen & Beck-Hill, 2012). 

Teacher Training 

Although examining student ICT use is critical, developing an understanding about how 

teachers use ICT in mathematics instruction can inform researchers, teacher educators, and 

policy makers on the existing gaps between ICT use in instruction, and the impact of ICT use on 

students’ learning. Understanding how teachers use ICT in mathematics instruction can provide a 

clearer picture on aspects and affordances from ICT that improve mathematics learning.  

Specifically, understanding teachers’ pedagogical beliefs about ICT integration is 

paramount in comprehending the various ways teachers incorporate ICT in instruction (Ertmer, 

2005). Furthermore, understanding the different mathematical tasks incorporated in ICT use can 

shed light on areas that need continued research, such as examining mathematical concepts 

where teachers use ICT, and examining the variation of tasks incorporated with ICT in 

instruction. It is also important to investigate the various factors (e.g., teacher beliefs about 

teaching and learning of mathematics or beliefs about ICT in teaching and learning mathematics) 

that may influence ICT use (Niess et al., 2009).  
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There is growing and converging research examining how teachers use ICT in 

mathematics instruction and whether mathematics teachers needed professional development in 

ICT to integrate ICT in teaching mathematics effectively (Wilson et al., 2020). An international 

analysis on how mathematics teachers use ICT and factors that contribute to ICT use in 

mathematics instruction can provide a broader perspective based on global contexts. Peripheral 

and differential ICT use is a well-documented phenomenon. As researchers and scholars seek to 

understand factors that contribute to these differences in the ways teachers incorporate ICT in 

instruction, teacher training is an area of need. With the plethora of ICT in the classroom and the 

expectation to use ICT in instruction, coupled with emergencies such as the COVID-19 

pandemic, teachers have highlighted the need for more training on how to teach using ICT. The 

next section provides an overview of professional development and organizational culture as 

active ingredients that influence teachers’ ICT use.  

Active Ingredients in ICT Integration 

Literature on ICT integration describes a variety of drivers critical for ICT integration. 

The drivers focus on access, quality, and the teaching and learning environment. Access can 

refer to hardware, software, or applications. Quality can refer to pedagogy. Context can refer to 

the entire classroom climate, school climate, or a country’s ICT policies. Describing all these 

drivers is beyond the scope of this paper. To that end, this paper focuses on teacher cooperation 

and school contexts and therefore highlights teacher professional development and 

organizational culture as active ingredients of ICT integration. 

Professional Development 

Pedagogical practices include the ways teachers provide instruction and teachers’ beliefs 

and values that influence their practices (Hardman, 2019). Professional development training for 
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teachers focusing on social and organizational aspects of ICT integration is imperative for 

successful ICT integration (Zhao et al., 2002). Zhao et al. (2002) further argued that certain 

conditions such as teachers’ awareness of available resources and compatibility of the ICT to 

existing instructional and school practices are needed for successful ICT integration. For 

instance, teachers with an understanding of the social culture in a school are more likely to 

negotiate some of the barriers that get in the way of ICT integration. These teachers may 

negotiate the barriers through collaborating with multiple parties in the school either to gain 

access to ICT resources or to garner peer support. In addition, there is a need for careful 

consideration of curriculum, pedagogy, professional development, teacher beliefs, teacher 

training, and school leadership, and their impact on teachers’ ICT use (Ertmer & Ottenbreit-

Leftwich, 2010; Frank et al., 2011; Hughes, 2005; Wilson et al., 2020). Wilson et al. (2020) 

conducted a meta-analysis on the effects of teacher education courses for technology integration 

(TECTI) on preservice teacher knowledge and found that knowledge about technology has a 

positive effect on teachers’ technology integration. However, the type of knowledge that 

contributes to increased technology integration is unclear. 

Organizational Culture  

A school’s organizational culture includes availability of technical assistance along with 

the administrative and peer support that allows ICT integration. The organizational culture 

cannot be underestimated because various stakeholders (e.g., teachers, school leaders) may have 

different assumptions about ICT, attitudes towards using ICT in teaching, student learning, or the 

role of the teacher in an ICT-rich environment (Somekh, 2007; Zhao et al., 2002). In addition, an 

organization’s culture can explain the factors that contribute to the varied ways teachers use ICT 

in instruction and the impact that ICT-enhanced instruction has on both the academic and non-
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academic outcomes of students (e.g., motivation, engagement) (McKnight et al., 2016; Mouza, 

2008; Overbay et al., 2010; Subramaniam, 2007).  

To build robust organizational cultures, scholars have argued that there is a need to build 

capacity and collaborative cultures in schools (Fullan, 2015). Building capacity involves building 

skills and opportunities that foster the development of new experiences and increase motivation 

for teachers and school leaders to engage in change processes. Building capacity includes 

providing professional development for teachers and creating discussion spaces for stakeholders 

that facilitate development of effective and efficient ways to use available resources (e.g., ICT, 

teacher skills). Fullan also posits that there is a need for “connected autonomy,” which fosters 

collaboration among teachers and allows for individual self-assessment as well as connections 

with larger educational goals (2015, p. 262). These social and organizational aspects impact ICT 

integration.  

Theoretical Framework 

The next sections describe two theoretical frameworks that guide the study. They include 

sociocultural theory and the Technological, Pedagogical, Content Knowledge (TPACK) 

framework. Sociocultural theory highlights the role of the sociocultural context in understanding 

teachers’ ICT use and the TPACK framework exists in that sociocultural context and informs 

teachers’ ICT use. 

Sociocultural Theory 

Sociocultural theory argues that learning is socially and culturally located in daily 

activities where an individual’s behavior is influenced by the interaction of other individuals 

(Lave & Wenger, 1991; Moll, 1990; Rogoff, 1990; Somekh, 2007; Vygotsky, 1978). 

Understanding the social system and the relationships (e.g., institutional, historical, or cultural) 
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that exist in a given system is necessary for understanding the uptake of ICT innovations in 

education (Borko, 2004; Somekh, 2007). The mini-contexts of classrooms exist in larger 

contexts of schools, and larger contexts within states and within countries. These larger contexts 

directly and indirectly influence classroom practices. Educational policies on ICT, teacher 

training on ICT use, or perceptions of ICT in teaching and learning intersect to impact 

instructional practices. Sociocultural theory using Vygotsky’s (1978) lens on mediation of 

human behavior through tools, symbols, and artifacts can provide insights and understanding of 

ICT integration in teaching and learning.  

In  sociocultural theory framework, the teacher is the mediator of the available tools, 

guiding students to become active and engaged with the tools in the social environment during 

the learning process (Subramaniam, 2007). Technology in and of itself does not lead to improved 

communication or knowledge creation, but human behavior and creative uses of the technology 

may lead to innovative ways of using technology (Somekh, 2007). Therefore, there is a need for 

deeper understanding of teacher characteristics (e.g., education levels, self-efficacy), school 

contexts, and professional development related to ICT use in order to understand teachers’ ICT 

use.  

Moreover, sociocultural theory can provide a framework for analysis of ICT use among 

student groups in the school setting, beyond the school walls, and it can also examine how 

teachers’ ICT use impacts students’ learning. The development of coherent systems takes 

multiple stakeholders, iterations, time, and a conducive school climate focused on continuous 

improvement and understanding of tacit knowledge present in these environments (Fullan, 2015; 

Somekh, 2007). In the classroom, teachers’ ICT use may differ depending on pedagogical 

approaches (student centered vs. teacher centered) or on the classroom composition of students 
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contributing to differential learning experiences with ICT. Understanding these nuances in the 

classroom can assist educators, policy developers, and school administrators in enacting 

measures that encourage appropriate pedagogies, increase quality instruction with ICT, and 

inform the development of professional development activities that promote student-centered and 

equity-focused pedagogy. 

Technology Pedagogical and Content Knowledge Framework (TPACK) 

The sociocultural theoretical framework is evident in understanding the technology, 

pedagogy, content, and knowledge (TPACK) framework. Koehler and Mishra (2009) build on 

Schulman’s (1986) Pedagogical Content Knowledge framework by adding the technological 

knowledge necessary for ICT integration. Often, teachers are expected to demonstrate the 

different knowledge capacities when integrating ICT. However, since teachers exist in a larger 

system, Voogt (2013) posits that the TPACK framework needs to exist in a wider context beyond 

an individual teacher. Lastly, as countries around the world embrace ICT, it is likely that tensions 

will arise between global standards for ICT use and local perspectives on the role of ICT in 

teaching and learning. It is imperative then for countries to embed ICT and global policies (e.g., 

21st century skills) with awareness of local contexts to avoid blind acceptance of foreign policies 

that may not meet the needs of local contexts, may overburden the existing systems, and may 

cause deleterious effects in teaching and learning outcomes (Sewlyn, 2012).  

Niess (2005) worked with preservice mathematics and science teachers enrolled in a class 

for integrating technology. The study identified themes that can accompany TPACK 

mathematics instruction. These themes highlighted the importance of teachers understanding the 

purpose of incorporating technology in teaching mathematics and of teachers demonstrating 

students’ knowledge development with technology, mathematics curricula, and instructional 
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practices. To elaborate, when teachers understand the purpose of incorporating technology, they 

can engage students in making connections about the science present in the technology, which 

can lead to deeper learning and meaning-making. Technology-based instruction has potential to 

shift teacher-centered practices to become more student-centered. Niess highlights this shift in 

the study as the preservice teachers focus more on their students learning process instead of their 

teaching practice (Niess, 2005). Content-specific curricula is important when using technology 

as this content knowledge guides ICT use. Overall, this preservice study showed the different 

ways that the TPACK domain plays out in a classroom. In a recent study, Durak (2021) found 

that teachers’ technology integration self-efficacy and attitudes towards technology were 

significant predictors of teachers’ TPACK levels, highlighting the role of teachers’ beliefs and 

attitudes towards technology in the development of the different knowledge domains. 

Using data from the 2013 TALIS mathematics questionnaire, this present study 

investigates how teachers used ICT in mathematics instruction and what the factors were that 

contributed to their ICT use.  

Research Questions 

1. What is the relationship between professional qualifications (e.g., technology 

training, years of teaching experience) and teachers’ ICT use in mathematics 

instruction? 

2. Which school contexts predict ICT use? 

 
Methodology 

Data Source and Sample 

To answer the two research questions, I used data from the TALIS 2013 dataset. TALIS 

2013 is one of the largest international surveys with a focus on the learning and teaching 
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environment. The survey drew school and teacher level data from 33 countries (twenty-four 

OECD countries and nine partner countries). The data were collected from 10,000 schools and 

more than 170,000 teachers. The international sampling plan was a stratified two-stage 

probability sampling design. Teachers were randomly selected from randomly selected schools. 

TALIS was conducted to collect data that would provide directions in policy development on 

teacher feedback, professional development, and school contexts (OECD, 2013). The analytic 

sample in this study includes mathematics teachers of 15-year-old students from the sampled 

PISA schools (OECD, 2013). The analytic sample consists of 6,570 teachers from eight 

countries: Australia, Finland, Latvia, Mexico, Portugal, Romania, Singapore, and Spain. The 

teachers from these sampled countries participated in the 2012 PISA and completed the 

additional mathematics questionnaire.  

Table 1 shows some similarities and differences between the countries in the analytic 

sample. Table 1 shows that 75% of the countries in the analytic sample are high-income 

countries similar to the U.S (World Bank, 2016). Most of the countries are OECD member 

countries and all the countries participated in the 2012 PISA mathematics assessment (OECD, 

2012). The TALIS-PISA link provided information on teaching practices at the classroom level. 

It is important to note that the TALIS (2014) technical report states that the TALIS results will 

not be used to interpret the students’ scores on the PISA, but the results should instead be used to 

understand teachers’/principals’ responses about the learning and teaching environment (OECD, 

2013). As an example, for this analysis the focus is on teachers’ ICT use in their mathematics 

instruction and student characteristics at the classroom level that contribute to ICT use, but the 

analysis does not extend the findings to students’ mathematics performance. However, the 
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findings from this analysis can inform current practices about ICT use in mathematics instruction 

in contexts such as the United States.  

Table 1 
 
Similarities and Differences of the Countries 
 
Countries OECD 

Member 
Countries 

OECD 
Partner 
Countries 

PISA 
2012 
(math) 

Upper 
Middle-
Income 

High-
Income 

European Non-
European 

Australia x  x  x  x 
Finland x  x  x x  
Latvia  x x  x x  
Mexico x  x x   x 
Portugal x  x  x x  
Romania  x x x  x  
Singapore  x x  x  x 
Spain x  x  x x  

Note: Sources. OECD (2012); World Bank (2016); OECD = organization for economic 
cooperation and development; PISA = programme for international student achievement. 

 
Measures 

Outcomes 

For both Research Question 1 and 2, I examine how teachers used ICT in mathematics 

instruction. The teachers were asked how they used ICT in mathematics instruction for each task: 

drill and practice, topic-specific activities, spreadsheets/data analysis, assessment, and internet 

resources. The original response scale was a four-point scale: (1) Never or almost never, (2) 

Occasionally, (3) Frequently, or (4) Always or almost always. I recoded the variable to a two-

point scale: (0) Never or almost never/occasionally, (1) Frequently/always or almost always, 

because preliminary analysis of the distribution showed the data were skewed with teachers 

using ICT infrequently. 

Teacher-Level Predictors 

For Research Question 1, I examined the relationship between professional qualifications 
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(e.g., technology training, years of teaching experience) and teachers’ ICT use in mathematics 

instruction. I examined a range of teacher professional qualifications that may be associated with 

teachers’ ICT use. All scales selected for this study were previously validated and demonstrate 

strong reliability and validity. The items in each scale are available in the TALIS technical report 

(OECD, 2014). The International Standard Classification of Education (ISCED) is a framework 

for grouping academic levels in four categories that provide internationally comparable levels of 

education (UNESCO Institute of Statistics, 2017). The four levels are a) primary education b) 

lower secondary education, c) upper secondary education, and d) post-secondary level. Teacher 

qualifications included measures for technology training, education level (Level 5A or higher on 

the ISCED), whether the teacher attended a teacher education program, and teaching experience 

in years. I also examine teacher cooperation related to teacher relationships with colleagues. The 

teacher cooperation variable consists of eight items related to the exchange of teaching ideas and 

professional collaboration. 

School-Level Predictors 

For Research Question 2, I examined whether school contexts are associated with how 

teachers use ICT in mathematics instruction. For school leadership, I used the distributed 

leadership scale that measured participation in decision-making and whether teachers 

experienced a collaborative culture of mutual support. Lastly, I included a variable that asked 

teachers whether they received administrators’ support.  

Analysis 

  I addressed the research questions using descriptive statistics and linear regression 

models using STATA version 14.0. I incorporated survey weights to ensure the population 

estimates are effectively adjusted. For Research Question 1, to examine the relationship 
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between teachers’ instructional approaches, beliefs, and ICT use in mathematics instruction, I 

fitted the following regression model: 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙�𝑝𝑝𝑖𝑖𝑖𝑖� = 𝛽𝛽0𝑖𝑖 + 𝛾𝛾𝑋𝑋𝑖𝑖𝑖𝑖 

I fitted separate models for each outcome variable (i.e., each ICT task). In this model, 𝑝𝑝𝑖𝑖𝑖𝑖 is the 

probability of mathematics teachers’ ICT use in instruction for teacher i in school j; 𝑋𝑋𝑖𝑖𝑖𝑖 represents 

a vector of teachers’ professional qualifications with 𝛾𝛾 as a vector of the associated coefficients. 

For Research Question 2, to examine the relationship between school contexts and ICT use 

in mathematics instruction, I fitted the following regression model: 

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙�𝑝𝑝𝑖𝑖𝑖𝑖� = 𝛽𝛽0𝑖𝑖 + 𝜔𝜔𝐶𝐶𝑖𝑖𝑖𝑖 

I fitted separate models for each outcome variable (i.e., each ICT task). In this model, 𝑝𝑝𝑖𝑖𝑖𝑖 is the 

probability of mathematics teachers’ ICT use in instruction for teacher i in school j; 𝐶𝐶𝑖𝑖𝑖𝑖 represents 

a vector of school context variables with 𝜔𝜔 as a vector of the associated coefficients. 

Results 
 
Descriptive Characteristics of Mathematics Teachers 

Table 2 shows a descriptive summary of the mathematics teachers in the analytic sample. 

Spain had the largest representation of teachers, who made up 21% of the sample, while Mexico 

and Romania both had a close representation of teachers, at 8% each. It is also evident from 

Table 2 that the teachers were mainly from European countries and more than 50% of the 

teachers had at least 17 years of teaching experience. Table 3 displays a descriptive summary 

(i.e., means and standard deviations) of the variables used in the analyses. UNESCO developed 

the International Standard Classification of Education (ISCED) as a framework for grouping 

academic levels in four categories. The four levels are a) primary education, b) lower secondary 

education, c) upper secondary education, and d) post-secondary level.  
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Table 2 
 
Sample Demographics: Descriptive Statistics 
 
Variable N % 
Countries   
  Australia 
  Finland 

 859 
1027 

13.1 
15.6 

  Latvia 
  Mexico 

 334 
 511 

 5.1 
 7.8 

  Portugal    
  Singapore 

 683 
1176 

10.4 
17.9 

  Spain 
  Romania 

1428 
 522 

21.7 
 8.4 

   
Teaching Experience   
   0 – 17 
  18 – 35 
  36 – 50+ 

3654 
2423 
 272 

57.6 
38.0 
 4.0 

 
Table 3 
 
Means and Standard Deviations of Mathematics Teachers 
 
Variable M                     SE 
Professional Qualifications   

Teaching Experience 16.56 0.39 
Formal Education (ISCED 5A/6)  0.96 0.01 
Teacher Training   0.68 0.02 
Training in Technology   
During In-service  0.75 0.02 

      
School Environment   

Collaborative Culture  0.70 0.02 
Administrators’ Support  0.77 0.02 
Teacher Cooperation 10.08 0.09 
Participation in Decision Making  0.63 0.02 
   

Teachers’ ICT Use    
Drill and Practice Software 1.73 0.03 
Topic-Specific Software 1.85 0.03 
Spreadsheets/Data Analysis 1.66 0.03 
Assessing Student Learning 1.63 0.03 
Internet Resources 2.38 0.04 

Note. ICT = information communication technology; ISCED = international standard 
classification of education. 
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Collaborative culture, administrators’ support, and teacher participation in decision-

making were all on a 0 to 1 scale. More mathematics teachers acknowledged receiving 

administrators’ support than participating in decision-making. According to the TALIS technical 

report, the teacher cooperation measured the frequency of teachers exchanging materials with 

colleagues, observing peers’ classes, and giving feedback.  

A score above 10 shows consistent repetition of activities included in the teacher 

cooperation scale. Table 3 shows that teachers in the sample participated in activities that 

promoted teacher cooperation. Finally, the teachers’ ICT use variable was on a scale of 1–4 and 

measured the frequency of teachers’ ICT use in instruction during the school year. Table 3 shows 

that teachers mostly incorporated internet resources (rather than ICT) for drill and practice, topic-

specific activities, spreadsheets/data analysis, or for assessment purposes.  

Research Question One: Teachers’ Professional Qualifications and ICT Use  

Scholars have attributed ICT use to teachers’ professional qualifications (e.g., education 

levels, teacher training). To examine the teachers’ professional qualifications that predicted ICT 

use, I fitted a separate model for each ICT task and conducted logistic regression analyses. An 

odds ratio of one represents the probability of teachers’ ICT use compared to the reference 

category for each predictor. For instance, the reference category for teacher training includes 

teachers who did not receive teacher training. Table 4 shows the teachers’ professional 

qualifications as predictors and the odds ratios of ICT use across all five ICT tasks. Education 

level was a significant predictor for ICT in drill and practice, spreadsheets/data analysis 

activities, and assessment. Mathematics teachers with ISCED education levels 5A and 6 had 

statistically significant higher odds of using ICT in these activities compared to mathematics 

teachers with ISCED education levels of 5b or lower (p < 0.05). In summary, education levels 
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were associated with mathematics teachers’ use of ICT for drill and practice, spreadsheets/data 

analysis, and assessment in instruction. 

Table 4 
 
Logistic Regression Results in Odds Ratios for Model Including Teachers’ Professional 
Qualifications Predictors of ICT Use 
 
 Drill and 

practice 
activities 

Topic 
specific 
activities 

Spreadsheets/ 
Data analysis 
activities 

Assessment 
activities 

Internet 
Resources 

Constant 0.121** 0.398 0.169** 0.189** 0.624 
      
Education 2.685* 0.446 4.413** 3.292* 1.234 
(5A or 6)      
Teacher training 1.127 1.887 0.239*** 0.554 1.002 
 
Teaching exp. (ref 
= less than 5 
years) 

     

5-10 years 1.209 1.021 0.825 0.622 0.534* 
      
More than 10 
years 

0.739 0.938 1.045 0.613 0.656* 

      
Technology 
training 

0.713 0.645 1.252 0.968 1.117 

N 4934 4936 4923 4930 4941 
Note. All models controlled for country effects. * p < 0.05, ** p < 0.01, *** p < 0.001. 
 

 
Research Question Two: School Contexts and Teachers’ ICT Use 

I conducted logistic regression analyses to examine school context predictors (i.e., 

teacher cooperation, participation in decision-making, collaborative culture, administrative 

support) on teachers’ ICT use. The results in odds ratios are shown in Table 5. Teacher 

cooperation was associated with ICT use in mathematics instruction in three out of the five ICT 

tasks (p < 0.05). In contrast, teachers’ participation in school decision-making, the presence of a 
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collaborative culture, and teachers’ receipt of administrative support were not associated with 

teachers’ ICT use as shown in Table 5 (p > 0.05).  

Table 5 
 
Logistic Regression Results in Odds Ratios for Model Including School Context Predictors of 
ICT Use  

 
 Drill and 

practice 
activities 

Topic 
specific 
activities 

Spreadsheets/data 
analysis activities 

Assessment 
activities 

Internet 
Resources 

Constant 0.032*** 0.142** 0.056** 0.026*** 0.137* 
      
Teacher 
Cooperation 

1.222* 1.130 1.093 1.205* 1.189** 

      
Decision 
Making 

1.377 1.292 1.982 1.493 1.397 

      
Collaborative 
Culture 
 

0.808 1.018 0.890 0.576 1.082 

Administrative 
Support 

0.934 0.358** 0.883 1.517 0.427** 

      
N 5052 5053 5043 5051 5061 

Note. All models controlled for country effects. * p < 0.05, ** p < 0.01, *** p < 0.001. 
 

Discussion 

This study provides an international analysis on how teachers used ICT in mathematics 

instruction across eight countries (i.e., Australia, Finland, Latvia, Mexico, Portugal, Romania, 

Singapore, and Spain) to develop a richer understanding about ICT use that may inform policy 

development and professional development programs in similar contexts. Understanding the 

ways that teachers use ICT in instruction and contributing factors can provide insights into policy 

development. Scholars in the field have identified and documented factors that predict teachers’ 

ICT use. These include teacher professional development, social and organizational culture, 

teacher beliefs, and school leadership (Ertmer & Ottenbreit-Leftwich, 2010; Frank et al., 2011; 
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Fullan, 2015; Hughes, 2005). Additionally, elements such as compatibility with current 

instructional practices and beliefs, level of complexity with adopting innovative practices (e.g., 

ICT, blended learning), affordances from the innovation, and the role of time in implementing 

the innovation are all factors that impact the uptake of innovations (Rogers, 1995). Classrooms 

and schools are social environments that may contribute to student and teacher learning. 

Furthermore, the sociocultural theory argues that learning is culturally mediated and involves 

beliefs, practices, and knowledge of multiple stakeholders in a social environment. 

Research Question One: Teachers’ Professional Qualifications and ICT Use 

The one professional qualification that predicted ICT use was teachers’ education level. 

High education levels (i.e., 5A or 6) was associated with teachers’ ICT use except for topic-

specific activities and use of internet resources. One plausible reason that may have contributed 

to the impact of teachers’ education levels on their ICT use is exposure to technology during 

their education experience. Additionally, teachers with higher education levels may have 

incorporated ICT in instruction as a result of the relative advantages offered through ICT 

(Rogers, 1995). These advantages include providing students with opportunities to practice 

earlier learned mathematics concepts using a medium other than paper and pencil, organizing 

statistical information using spreadsheets, and visually conducting data analysis. However, 

mathematics teachers with lower education levels had higher odds of incorporating topic-specific 

software in instruction. A connection between education levels and teachers’ ICT use for topic-

specific activities would seem to be directly related; that is, higher education levels would 

increase the teachers’ odds of using ICT for topic-specific activities; this was not the case in the 

current study. This could be because teachers with education levels of 5A and below may have 
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acquired information about incorporating ICT in these activities from different sources or 

through personal exploration and learning. 

It was unsurprising that teacher training was not associated with teachers’ ICT use. This 

finding is plausible especially if the training is not focused on teachers integrating ICT in 

mathematics instruction. Scholars (e.g., Ertmer & Ottenbreit-Leftwich, 2010; Hughes, 2005) 

have argued that teaching may require awareness of one’s beliefs about teaching and learning 

before any change can occur. In addition, teachers may need specific knowledge to successfully 

incorporate ICT in teaching. In the TPACK framework, Koehler and Mishra (2009) provide the 

various kinds of teacher knowledge required for effective ICT integration. These include content 

knowledge (CK), pedagogical knowledge (PK), pedagogical content knowledge (PCK), 

technology knowledge (TK), technology pedagogical knowledge (TPK), and technology content 

knowledge (TCK). Koehler and Mishra (2009) further argue that teachers often conceptualize 

TK separate from CK and PK, and this subsequently contributes to fragmented understanding 

and practice of TK, instead of teachers’ understanding of the relationships and overlaps with TK, 

CK, and PK. For effective and strategic integration of ICT in teaching and learning, teachers can 

benefit from professional development that meshes content and pedagogy, ensuring that 

pedagogy is the main driver of ICT use. 

Relatedly, the findings show that technology training predicted higher odds of 

mathematics teachers’ ICT use for spreadsheets/data analysis and internet resources. This finding 

is similar to that of Willis et al. (2018), who reported a positive association between teachers’ 

higher levels of computer skills and purposeful use of ICT in mathematics instruction. A 

plausible reason for the higher likelihood of teachers’ use of ICT for spreadsheets/data analysis is 

the specialized nature of this ICT task, which requires a certain level of technology training. On 
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the other hand, the versatility provided through internet resources may have contributed to the 

increased likelihood of teachers’ using these internet resources in instruction. However, the 

findings showed that these odds were not different from teachers without technology training.  

Teachers with teaching experience and a strong grasp of content pedagogy are more 

likely to use ICT in ways that provide students with opportunities to participate in high-level 

tasks (Hughes, 2005). However, the findings in this study show that years of teaching experience 

was not associated with teachers’ use of ICT in instruction. This finding could be attributed to 

prior teachers’ experiences when incorporating ICT. Comparatively, teachers with fewer than 

five years of teaching experience had higher odds of incorporating ICT in instruction for 

spreadsheets/data-analysis, assessment, and internet resources. The novelty of ICT use may 

incentivize these teachers to incorporate ICT more, compared with teachers with more years of 

teaching experience. 

Examining teachers’ ICT use across the various tasks using the TPACK framework can 

provide further insights on knowledge skills that teachers are likely to demonstrate in 

mathematics instruction. According to Koehler and Mishra (2009), TK refers to knowledge about 

the technology and its affordances; CK refers to knowledge about the subject matter; PK refers 

to a teacher’s understanding of students’ thinking and learning; PCK refers to a teachers’ 

understanding of the interaction between the content and the methods of teaching the content; 

TPK refers to a teacher’s understanding of ways of using the technology with specific content 

while integrating appropriate methods to promote learning; and TPACK refers to a deeper 

understanding of the interactions and constraints among the three domains of knowledge in order 

to effectively integrate and harness ICT in instruction. The TPACK framework can provide a 

lens to examine ways in which the different constructs interact in instructional practices (Agyei 
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& Voogt, 2012; Graham et al., 2012). Bos (2011) argued that when integrating ICT in 

mathematics instruction, teachers require cognitive awareness of the various content, 

pedagogical, and technological knowledge required: for instance, in teaching abstract 

mathematical concepts with ICT. 

In this study, out of the five ICT tasks, certain tasks could be considered more content-

specific than others, requiring specific teacher knowledge for effective integration in instruction. 

For instance, teachers who incorporated ICT for topic-specific activities and spreadsheets/data-

analysis, which relate directly to the mathematics content area and involve making abstract 

mathematical concepts concrete, required TPACK. On the other hand, TK is required when 

teachers incorporated ICT for drill and practice or assessment activities because the primary 

focus was on students practicing or demonstrating learned skills (Graham et al., 2012; Kaput et 

al., 2007). When incorporating ICT for assessment purposes, teachers may have required PK as 

they used the assessment data to evaluate student progress. Lastly, in this study, teachers used 

internet resources most frequently mainly due to the breadth of affordances (e.g., drill and 

practice, assessment, interactive activities) available through the internet. It is likely that teachers 

demonstrated TPK when using internet resources as this construct captures a wide range of 

knowledge skills and general teaching strategies (Graham et al., 2012; Hughes, 2013).  

Research Question Two: School Contexts and ICT Use 

The school context included teacher cooperation, participation in decision-making, 

presence of a collaborative culture, and administrative support. Teacher cooperation predicted 

higher odds of teachers’ ICT use in mathematics instruction in drill and practice, assessment, and 

internet resources. This finding can be extrapolated to show that when teachers work together, 

they are likely to learn, share ideas on ways to integrate, and use ICT in mathematics instruction, 
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all leading to increased frequency of ICT use. Further, teacher cooperation can provide teachers 

with support as they become more willing to take risks in using ICT (Overbay et al., 2010). 

Engaging in innovative teaching practices such as integrating ICT can involve an element of 

risk-taking. Literature documents the role of peer-to-peer support as a vehicle that facilitates the 

diffusion of innovations. Therefore, although teacher cooperation was associated with ICT use 

for three out five tasks, this shows potential in its role on influencing greater ICT use in 

instruction. Peer-to-peer support can also provide teachers with opportunities to develop TPACK 

as they develop confidence and interact with different ICT in instruction (Galanouli et al., 2004). 

Overbay et al. (2010) reported that administrator support was not a significant predictor 

of teachers’ ICT use. This current study showed administrator support reduced the likelihood of 

teachers’ ICT use except for assessment purposes. This finding can be explained by existing 

school policies on ICT use or an administrators’ leadership styles. For instance, if a school 

administrator offers support but has a leadership style incompatible with envisioning ICT as 

effective for teaching mathematics, the support may not be geared towards ICT use in instruction 

and may not promote teachers’ ICT use. Administrators play a critical role in determining school 

culture, including a culture of innovation such as using ICT for instruction (Fullan, 2015). In 

thinking about sociocultural theory, school culture can result from teachers’ active participation 

in decision-making or collaboration among stakeholders (Overbay et al., 2010; Somekh, 2007; 

Whipp et al., 2005). However, participation in decision-making and the presence of a 

collaborative culture was not associated with teachers’ ICT use in mathematics instruction. This 

finding highlights the possibility that teachers and stakeholders at a school may participate in 

decision-making and collaborate in tasks unrelated to ICT use, translating to limited effects on 

ICT use (Ertmer et al., 2012).  
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A shared vision of the role of ICT in mathematics instruction can focus teacher 

collaboration and participation in decision-making towards effective use of ICT and may 

contribute to increased use of ICT in the future. More importantly, beyond ICT, a shared vision 

may provide stakeholders with opportunities to identify critical drivers of change, such as 

curricular and pedagogical changes (Fullan, 2015; Warschauer et al., 2014). The TPACK 

framework shows that the various knowledge domains work in tandem and not individually for a 

single teacher. Therefore, when understanding teachers’ ICT use, it is imperative for 

stakeholders to consider a holistic approach. In addition, a teacher exists in a social system 

consisting of different factors that contribute to a teacher’s activity. For a deeper understanding 

of teachers’ ICT use, these factors need to be understood to further understand the context of ICT 

use. 

Similar to the U.S., countries in this analytic sample showed limited overall ICT use in 

mathematics instruction. This may imply that the challenges between countries facing ICT 

integration are similar, and countries may benefit from learning from each other about successes 

and challenges, with the hope of effective utilization of scarce resources and transformed student 

learning experiences. In the next section, I discuss limitations and implications for practice. 

Limitations 

  There are a number of limitations in this study. First, although the study includes a large 

number of participants, it was done with a specific population of teachers from OECD member 

and partner countries. Although the analytic sample included some participants from low-income 

countries participating in the PISA, teachers were mainly from high-income countries. This 

scope limits the generalizability of the findings to wider populations of teachers in different 

countries. Second, although TALIS (2013) provides rich information about teachers’ learning 
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and working conditions, the questions in the survey may not be neutral. This means that, among 

the participating teachers, the questions may have different interpretations, and there may be 

differences in the definition of words, concepts, and starting points when assessing oneself or 

assessing school contexts, which may cause subjectivity in the information gathered. 

Additionally, the countries in the sample may have varied policies on ICT or ICT resources that 

may affect teachers’ use of ICT that is not captured in the data. Third, the level of integration of 

ICT in a school or country may be different among these countries and this may influence 

teachers’ ICT use. Finally, the analyzed data in this study is over five years old and classrooms 

have a variety of ICT; however, teachers’ ICT use is still gradually changing and therefore the 

information in this manuscript remain relevant. Additionally, some of the ICT introduced in 

mathematics classroom closely mirror the types highlighted in this study. 

Conclusion 

 To summarize, this study sought to examine teachers’ use ICT in mathematics instruction 

and the associated factors that predict teachers’ ICT use. This information can allow stakeholders 

(e.g., policy makers, curriculum developers, teachers, researchers) to understand whether 

teachers actually incorporate ICT into mathematics instruction. Additionally, the study 

investigated potential factors associated with ICT use in mathematics instruction. For instance, 

teacher education levels and teacher cooperation were associated with teachers’ ICT use. If 

stakeholders care about the return on investment from ICT in schools, and largely how ICT 

affect students’ learning, understanding how teachers use ICT and contributing factors that 

influence teachers’ ICT use can allow administrators, professional developers, and other 

stakeholders to target policies that promote effective ICT use.  
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Results from this analysis can inform professional development topics and activities on 

instructional practices that align with ICT and promote effective ICT use in teaching. These 

efforts can inform decisions on ICT use that enhance instead of hinder student learning, 

especially in mathematics, while ensuring efficient utilization of scarce resources. As technology 

costs decrease and schools become more internet connected and networked, challenges related to 

access are quickly becoming less pronounced. However, further challenges exist when it comes 

to ICT integration that transcends barriers related to access that promote high-level thinking, 

creativity, and student-centered learning. 

Future Research and Implications for Practice 
 

There is a need for continued qualitative and quantitative research on the ecological 

perspectives of ICT in instruction to uncover, unlock, and maximize the potential of ICT use in 

instruction. Despite investments in technology, ICT remains on the periphery especially in 

mathematics instruction. Researchers and practitioners may find it beneficial to collaborate in 

action research in an attempt to understand potential barriers not captured through 

questionnaires. Including students in these discussions can provide a student perspective and 

reveal critical aspects of ICT use often overlooked. Action research can be incorporated as a 

paradigm for change as stakeholders (e.g., teachers, researchers) work together to uncover 

assumptions about ICT in teaching and learning and most importantly, bring teacher voices and 

knowledge into the development of policies around innovations such as ICT. 

Teacher education programs can require a strategic and intentional focus on adequately 

preparing teachers on effective ways of integrating ICT in instruction. This would ensure that 

new teachers are equipped with relevant skills beyond the compartmentalized knowledge of 

content, technology, and pedagogy. Teacher education programs can incorporate courses on 
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design thinking that actively involve preservice teachers in the development of context-specific 

activities that can boost their development of TPACK and exposure to a range of ICT 

affordances and constraints. Teachers can also benefit from developing skills for designing 

learning environments that incorporate pedagogy-based ICT activities in mathematics 

instruction, activities that promote student engagement, interest, authentic learning, and growth 

(Fullan & Hargreaves, 2016). 

Overall, this analysis provides evidence of the need for context-specific ICT training for 

teachers. Both micro and macro factors may hinder teachers from integrating ICT in instruction. 

In addition, school leaders may benefit from developing a shared vision for ICT in instruction, 

building capacities, collaborative cultures, and communities of practice to promote teacher 

cooperation and collaboration. Policy makers and curriculum developers can consider aligning 

mathematics curriculum with ICT goals to provide a clearer path for teachers on the role of ICT 

in teaching and learning. This alignment of the curriculum, goals, and the role of ICT in teaching 

and learning, together with the development of a shared vision, can facilitate coherence within 

complex educational systems (Fullan et al., 2015). Continued research is required to understand 

the nuances among the different ICTs introduced in mathematics and in STEM classes more 

broadly. This includes gaming technologies, artificial intelligence, and assistive technologies. 
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