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Abstract
One-to-one laptop initiatives have become prevalent in schools aiming to enhance 
active learning and assist students in developing twenty-first-century skills. This 
paper reports on a qualitative investigation of teachers in a junior high school in 
Northern Israel, who were gradually implementing one-to-one computing. The 
research reported in this paper is based on longitudinal data collected over a five-
year period and included all of the teachers who participated in the project. We 
triangulated teachers’ perspectives and actual behavior by employing classroom 
observations, followed up with semi-structured interviews. This study aims to map 
teachers’ perspectives on changes in teaching in one-to-one computing settings, 
and the pedagogical strategies that they use in one-to-one classrooms. To explore 
the depth of change in teaching, teachers’ perspectives were mapped based on the 
SAMR framework, while the TEUCT-TEUIT approach was employed to categorize 
pedagogical strategies. The findings pointed to several benefits of using a laptop for 
teaching, as well as classroom management problems and technological problems 
while teaching. Analysis of the interviews revealed four categories which appeared 
in the original TEUCT/ TEUCT scales, alongside three additional categories which 
did not appear in the original scales, and emerged bottom-up from our data. Further-
more, findings indicated that some of the categories originally included in TEUCT, 
should rather be included in the TEUIT scale. The findings point to a change in 
teaching strategies, from a more teacher-centered teaching approach to a more stu-
dent-centered learning approach.
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1  Introduction

Technology is a powerful educational tool, but technology per se does not produce 
profound pedagogical changes (Peled et  al., 2015). The effective use of Informa-
tion Communication Technology (ICT) in teaching and learning is a complex and 
multifaceted process that includes various teacher level and school level conditions 
(Aydin et  al., 2016; Vanderlinde, & van Braak, 2011). Research classifies several 
factors that facilitate (or act as barriers to) the effective use of ICT in schools by 
teachers as either arising from the external environment or teachers’ characteristics 
– including the beliefs, values, and perceptions that are likely to influence them.

Personal factors: These are all factors related to the individual teacher, such as 
knowledge and skills, beliefs, availability in terms of time, and previous engage-
ment in the use of technology in teaching (Agyei & Voogt, 2012).
Institutional factors: The primary institutional factor influencing the continuous 
use of technology following participation in professional development programs 
is the value and belief system of the school, provision of motivation for teachers 
in the form of rewards, incentives and financial support by the school administra-
tion (Håkansson Lindqvist, 2019; Dong et al., 2019).
Technological factors: Ease of use, which refers to the convenience, adequacy, 
reliability, and user-friendliness of the technology (Kafyulilo et  al., 2016) and 
ongoing technical support (Selwyn et al., 2017).

1.1 � One‑to‑one technology initiatives

One-to-one initiatives in education refer to the practice according to which schools 
provide each student with a computing device, such as a laptop or tablet, in order 
for the students to access the Internet, digital course materials, and digital textbooks 
(Vu et al., 2019). The term one-to-one indicates the ratio of one computer, laptop, or 
tablet for each student and teacher.

Research claims that one-to-one initiatives have allowed teachers to improve their 
teaching and instructional practices, as well as their proficiency in utilizing tech-
nology (Lee et al., 2015), and thus expands the educational repertoire (Peled et al., 
2015). The three most common goals that schools have developed for migrating to 
one-to-one computing are: (1) to enable teachers and software to design, customize 
and deliver more personalized content to learners; (2) to advance learners’ technol-
ogy skills; and (3) to enable the students to do more complex and creative work (Vu 
et al., 2019).

1.2 � Context of the study

This study examined teachers’ perceptions regarding various aspects of teaching in 
a one-to-one computing environment. Among the one-to-one computing environ-
ment studies, some included single data collection, whether prior to, during, or after 
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the implementation. Some used a very small sample, such as Sockman (2007), who 
explored seven teachers’ perceptions of their progress toward becoming facilitators 
of students’ learning in one-to-one computing environments. Similarly, small sam-
ples were used by Bermel (2016), who collected data from semi-structured inter-
views with four administrators and eight teachers from a suburban midwestern 
American secondary school, and by Jacob (2020), who used a sample of eight vol-
unteer teachers from both primary and secondary schools.

Various research has investigated the perceptions of specific subject matter teach-
ers, such as science teachers’ perceptions of the effects of one-to-one computing 
devices on student engagement (Bocchino III, 2017), language arts teachers’ percep-
tions of changes in their instruction with the introduction of a one-to- one learning 
environment (Martin, 2015), English/language arts teachers’ and principals’ percep-
tions of the value of one-to-one student laptops (Wolfe, 2018), and a comparison of 
perceptions of technology conducted between teachers in schools with and without 
one-to-one computing (Frankson, 2018).

Other studies used quantitative methods based on self-report questionnaires (Her-
shkovitz & Bransi, 2019; AlMannai, 2017; Schott, 2012; Solomon, 2018; Greene, 
2019) or triangulated quantitative data with qualitative, mainly self-report, data. For 
example, Wright (2019) and McDonald (2015) collected data using a survey and a 
follow-up interview. Redmond (2018) collected data from several sources, such as 
questionnaires, interviews, and analysis of documents.

Several studies employed a case study method in order to understand the impli-
cations of teaching in one-to-one classrooms. Some examined the perceptions that 
preservice teachers held regarding their readiness to step into one-to-one class-
rooms upon completion of their teacher candidacy program (Jeffery, 2019). Oth-
ers explored in-service high school teachers’ perceptions of facilitating conditions 
prior to the implementation of a one-to-one learning environment (Lawrence, 2018). 
Knops (2017) used a case study methodology to analyze how professional develop-
ment is perceived by teachers as it relates to their integration of one-to-one tech-
nology into instruction, and what type of professional development teachers prefer 
in order to meaningfully implement one-to-one technology in their instruction. For 
the purpose of this research, we used two frameworks which are presented in the 
following sections. To explore the depth of change in teaching, we mapped teach-
ers’ perspectives based on the SAMR (Hilton, 2016; Puentedura, 2006) framework. 
Furthermore, to categorize pedagogical strategies, we employed the TEUCT-TEUIT 
approach (Badia et al., 2015).

1.3 � The SAMR model

The SAMR model provides teachers with a framework meant to boost the com-
bination of emerging technologies in their classrooms (Hilton, 2016). This well-
established model features a four-level approach to selecting, using, and evaluating 
the added value of technology in K-12 education. This model was chosen for this 
study, since, in line with Puentedura (2006), it’s intended to be a tool through which 
one may describe and categorize K-12 teachers’ pedagogical usage of classroom 
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technology. In step with the SAMR model, the utilization of technology is cat-
egorized as four hierarchical levels: substitution, augmentation, modification, and 
redefinition. Substitution is that the use of technology despite the likelihood of the 
learning task being completed without technology. Augmentation enhances a learn-
ing task which will be accomplished without technology. Modification supports the 
alteration of a previous task in a way that is difficult without the employment of 
technology. These tasks are classified under two different categories, enhancement, 
and transformation, as suggested by Puentedura (2012). Substitution and augmen-
tation tasks are classified under “enhancement”, touching on the primary stage of 
the model, within which technology is employed to substitute and/or enhance exist-
ing tools within the learning task. In contrast, modification and redefinition tasks 
are classified under “transformation”, the second stage of the model, involving new 
ways and opportunities for learning that don’t seem to be easily accomplished with-
out technology (Kirkland, 2014).

1.4 � The TEUCT‑ TEUIT scale

The use of computers in the classroom involves the use of ICT during lessons, as an 
integral part of the teacher’s teaching and the students’ learning. In order to have a 
higher understanding of how ICT is used by teachers and students as a teaching and 
learning tool in the classroom, Badia et al.’s (2015) scale was used, which identi-
fies two factors, each divided into four categories that classify the educational uses 
of ICT for teaching. These factors were named (1) “Teachers’ Educational Use of 
Content Technologies (TEUCT)” which refers to research and educational practice 
related to what teachers do with ICT in relation to the content they teach, includ-
ing using ICT to do the following: support the oral presentation of content, present 
contents through a multimedia or hypermedia system, support conversations with 
students, and show examples of products (learning outcomes) that students are 
required to develop; and (2) “Teachers’ Educational Use of Interaction Technologies 
(TEUIT)” - This factor includes the teaching tasks that characterize the educational 
interactions between teachers and students, which include the following: extending 
classroom activities to the virtual classroom (asynchronous and written commu-
nication, and the provision of educational and evaluative aids to facilitate content 
learning during and after school hours), communicating with students, monitoring 
progress in the learning process, and providing guidance and guidelines to facilitate 
learning.

1.5 � Teachers’ perceptions of ICT implementation in one‑to‑one classrooms

Studies on teachers’ perceptions of technology and one-to-one laptop use in class-
rooms indicate multiple perspectives on use, motivation, effectiveness, and student 
achievement. Some teachers understand the benefits of ICT integration, but are not 
ready to adopt it due to various challenges (Maiima et al., 2013), such as insufficient 
technological support (Selwyn et  al., 2017), and absence of clear school policies 
related to ICT integration (Salam et al., 2018).
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The standard model of technology diffusion argues that changing teachers’ per-
ceptions and epistemological beliefs regarding the value of an innovation is con-
ducive to successful implementation (Yuen et  al., 2003). For instance, teachers’ 
positive belief in the benefits of laptops in teaching and learning was found to be a 
major factor facilitating the successful use of laptops in the classroom (Munyengabe 
et  al., 2017). Others argue that changing teachers’ conceptions does not necessar-
ily effect change in their practices and student learning (Li, 2010), and that all pro-
fessional development (PD) training and mentoring of one-to-one programs should 
deal explicitly with how technology changes the perception of the teacher’s role and 
their professional identity (Doron & Spektor-Levy, 2019).

Technical support is crucial for successful ICT integration (Abdelrahman et al., 
2019; Atman Uslu & Usluel, 2019; Lawrence, 2018). Lei (2010) report that teach-
ers’ perceptions of the availability of technological support decreased over time. 
This change was not limited to the first year, but occurred during the following years 
as well. Teachers reported that with increased technology use, more technological 
support was needed, so it took longer for the technology support team to address 
each teachers’ technological needs. When technical support and PD were not suf-
ficiently offered, teachers’ negative perceptions of laptop programs persisted (Lei 
et al., 2007).

To integrate ICT effectively, teachers need to adopt different teaching strategies. 
For instance, learners may take a more active role in their learning, as the teacher 
alone will no longer direct the control and flow of information (Sahoo, 2019). 
Acceptance of technological innovations was also found to be significantly and posi-
tively related with innovative technology-enhanced pedagogy (Willis et al., 2019). 
The creation of digital content which has a capacity to open up new strategies for 
learning and teaching is an important skill, which has been found to be strongly 
related to the purposeful implementation of ICT in the classroom (Willis et  al., 
2019). In a study conducted in 10 secondary schools, Sahoo (2019) found that using 
ICT in the classroom influenced the teachers’ approach to teaching. Namely, when 
teachers used ICT with their students, they are engaged in different styles of deliv-
ery, with less planning and more spontaneity. Teachers said they put more emphasis 
on how students learned, as well as what they learned. Teachers labelled themselves 
not as teachers, but as facilitators. Nonetheless, the impact of integrating ICT in the 
classroom on teaching and learning strategies varies (Gerez, 2019), and in some 
cases teaching methods have not changed with the integration of ICT into the class-
room (Buabeng-Andoh, 2012).

And last, but not least, the school’s policy and the principal’s attitude toward one-
to-one implementation have been found to be a major factor influencing the success 
of ICT integration (Peled et al., 2011; Huang & Teo, 2019; Moreira et al., 2019). 
Furthermore, the organization’s innovation climate has been found to be signifi-
cantly and positively related with innovative technology-enhanced teaching (Willis 
et al., 2019).

In an evaluation study of a large scale, one-to-one project which provided 
handheld devices to more than 15,000 students in 12 middle schools, Strudler 
and Schrader (2016) found teachers’ perception of hurdles to device use to be 
“off-task behavior” which was the biggest concern, followed by “not all students 
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had them”. Additional hurdles were lack of time for planning, connectivity, tech-
nical problems, the lack of fit between the use of devices and the curriculum, 
and the need for more PD. For example, Fiorillo (2015) reported teachers’ per-
ception that students were off task and disengaged more often than before the 
implementation of a Chromebook integration initiative. In a two year follow up 
study conducted by Sprenger (2010), findings indicated increased perceptions of 
the value of authentic learning, increased perceptions of the value of formal col-
laborative learning, increased use and perceptions of the value of online learn-
ing activities, significant changes indicating increased use, and perceptions of 
the value of learning centers.

2 � Objective of the study

The uniqueness of the research reported in this paper is in its depth and that in 
number of ways: The longitudinal data collection – over a five-year period; the 
sample type – including all of the teachers who participated in the one-to-one 
initiative explored in this study; the data collection that triangulated teachers’ 
perspectives with their actual behavior and included classroom observations fol-
lowed up by interviews. Thus, this research reveals what actually occurs in a 
one-to-one classroom, alongside teachers’ experiences of these occurrences. One 
of the main focuses of the study was to examine the level of ICT use by teachers, 
and the way in which they use it. As the objective of the one-to-one initiative is 
to enhance teaching and learning, it is important to ensure that teachers use the 
technology to change students’ engagement in these processes, and adapt their 
teaching to realize the added value of the one-to-one environment.

One of the research objectives was to examine additional categories that may 
be useful in classifying the possible educational uses of ICT for teaching and 
learning in classrooms. Although the TEUCT-TEUIT scales were based on three 
theoretical frameworks (technology use, the instructional role of the technology, 
and the correspondence of the technology and educational rational), all three 
related to various dimensions of technology in teaching, thus ignoring issues 
related to class management and learning management. Therefore, an additional 
purpose of the current study was to validate (or reject) Badia et  al.’s (2015) 
TEUCT/ TEUIT scales.

This study aims to map (1) teachers’ perspectives on changes in teaching in 
one-to-one learning environments, as well as (2) pedagogical strategies which 
teachers use in one-to-one classrooms.

Considering the above, the current study explores two research questions:

Research question #1: How do teachers perceive the changes in teaching 
related to one-to-one integration at school?
Research question #2: What are the pedagogical strategies that teachers 
actually employ in one-to-one classrooms?
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3 � Methodology

3.1 � Participants

Twenty teachers (13 female and 7 male) were observed while teaching in one-to-
one classrooms (see Table  1), and following the observation, the teachers were 
interviewed.

Additional interviews were conducted with 20 teachers who were not observed. 
In total, forty teachers (29 female and 11 male) were interviewed (see Table 2).

3.2 � Instruments and procedure

This research was conducted using a qualitative approach, aiming to reveal the 
pedagogical approach of teachers from their attitudes and classroom behavior. 
The study was approved by the institutional Ethics Committee and by the Min-
istry of Education. The semi-structured interviews lasted approximately 40 min, 
and were conducted immediately after the class observation. In total, forty inter-
views were conducted. The interview contained three parts: (1) Background 
questions. For example: What is your previous background in computer use 
for teaching? What were your expectations from the transition from traditional 
teaching to teaching in a one-to-one environment? (2) Pedagogical attitudes and 
behaviors. For example: What do you think are the benefits of a computer use for 
teaching? Is your teaching progressing as planned? In which aspects, if any, are 
your pedagogical strategies and the progress of the class similar to last year? In 
which aspects, if any, is your teaching and/or the progress of the class different? 

Table 1   Observations: Teachers’ 
demographics

Gender Male Female

Seniority in 
teaching

Less than 
10 years

More than 
10 years

Less than 
10 years

More 
than 
10 years

N 5 2 2 11
% 25 10 10 55

Table 2   Interviews Male Female

Less than 
10 years

More than 
10 years

Less than 
10 years

More 
than 
10 years

N 8 3 11 18
% 20 7.5 27.5 45
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Please explain why. (3) Students’ learning. For example: Please describe how 
you manage the one-to-one class. What is the evidence of students’ learning in 
a one-to-one classroom, and how do you define success in this environment? 
What are the changes, if any, in students’ learning strategies in a one-to-one 
classroom?

All the teachers received an invitation form to participate in the study, which 
included an interview and viewing of the lesson. The letter explained the objectives 
of the research and its connection to the implementation of the computers in the 
1 × 1 model in the school. Teachers were asked if they agreed to be interviewed for 
the study and if they agreed to allow observation of the class they were teaching. All 
teachers who agreed to participate in the study were interviewed at the school in a 
semi-structured interview that lasted an average of one hour. A short while (before 
or after the interview) there was an uninterrupted observation in the classroom. The 
teachers were prepared for the observation and knew that its purpose was to observe 
how the students’ personal computers were being used.

The observer sat in the last row of the class. He observed the teacher and his/
her interaction with the students. He also looked at the students in order to identify 
their reactions to the teacher’s activities. If there was teamwork, he moved between 
the teams. Prior to analyzing the interview transcripts, we conducted an extensive 
literature review on one-to-one laptop initiatives, to help inform our analysis. The 
categorization was based on two theoretical models relating to the use of laptops 
for teaching and learning by teachers and students. The various uses of technology 
in the classroom were classified into the categories proposed by Badia et al. (2015) 
and the SAMR model (Puentedura, 2012). All of the interview transcripts were read 
twice. In the first reading round, 132 categories were identified. In the second read-
ing, categories that were identified only once or twice, or that were provided by only 
one teacher, were omitted. Similar categories were consolidated, and categories 
were then re-categorized. Following the second round of reading, the remaining 21 
categories were grouped into four primary categories: Teachers’ Educational Use of 
Interaction Technologies (TEUIT); Educational uses of technology by teachers to 
support teaching-learning of content’ (TEUCT); Disadvantages of one-to-one com-
puting; Advantages of one-to-one computing. The transcripts of the observations 
were encoded according to the same categories, along with a list of general data per-
taining to the observations, such as the number of students in the class, the number 
of laptops, and the main uses of the laptops by the teacher and students.

4 � Findings

4.1 � Changes in teaching related to integration of one‑to‑one computing

The first research question referred to pedagogic, technical, and managerial (class-
room management) changes. As Table 3 shows, all of the added values mentioned 
by the teachers were directly related to teaching, pedagogy, and classroom manage-
ment. The main drawbacks were related to classroom management – namely, disci-
pline and technical problems. Additionally, Table  4 details pedagogical strategies 
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used in one-to-one environments. While some teachers described shaping their own 
lessons and were engaged in creation and change, other teachers reported using 
materials from content providers or other teachers. Still other teachers described 
themselves as somewhere in between the two extremes, and adapted existing content 
for their class.

More than half of the teachers claimed that the one-to-one computing has no 
effect on the “traditional pedagogy”, and indeed most of the statements describe 
the use of “substitution” - the lowest level in the SAMR model. Furthermore, most 
teachers reported using materials from content providers, whereas less than half 
reported designing their own teaching materials. From the teachers’ comments, 
seven advantages of one-to-one computing can be defined in relation to the learn-
ing process: (1) the possibility of differential learning; (2) increased involvement 
in learning processes; (3) cultivation of self-regulated learners; (4) extending class-
room activities beyond school’s space and time; (5) better understanding of the 
material being studied; (6) the advantage of using a laptop for the teacher; and (7) 
the cultivation of creativity. Furthermore, two advantages that teachers noted in rela-
tion to the learning organization were: (1) expanding learning beyond the lesson 
time and the classroom walls, and (2) reducing lesson preparation time.

Teachers described one of the advantages of the one-to-one computing to be that 
it allows them to move around the classroom and help those who they know are hav-
ing difficulties, noting those students who have understood after a few minutes and 
can continue on their own. The following two advantages arose from the teachers’ 
remarks: (1) the involvement of learners in the learning process and (2) the cultiva-
tion of independent learning habits. In most subjects, explanations were provided 
as a whole-class teaching, while laptops were used in individual learning or team-
work. In the case of inquiry-based learning and alternative assessment (assessment 
for learning), students’ laptops played a central role.

Discipline was the biggest problem that teachers expressed in the one-to-one 
model, especially describing difficulty in controlling the students’ use of their laptop 
during class. Although it seems sometimes that students are busy doing other things, 
such as surfing the web, chatting with classmates, some teachers felt they do learn. 
According to those teachers, students want to do what is required of them, and they 
want to submit the assignments, since they worked on it because they wanted to and 
not because the teacher told them to. There was positive evidence of independent 
learning, apparent by the fact that most of the students were absorbed in the tasks 
given. If there was noise in the classroom, it was a byproduct of interest in learning, 
which did not interfere with the class conduct, nor disturb the teacher.

The last of the advantages teachers mentioned in relation to the learning process 
in the classroom was the cultivation of creativity. The teachers who mentioned crea-
tivity noted the importance of assessment, such as creating videos instead of writing 
reading reports which enabled rich self-expression and diverse students’ outcomes.

Two advantages that emerged from the teachers’ statements were related to the 
learning organization: (1) The expansion of learning beyond the boundaries of time 
and space of the classroom, enabled continued learning and dialogue between the 
teacher and the students and between the students outside of the boundaries of the 
classroom; and (2) sharing the learning materials with the students.
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More than half of the teachers claimed that the one-to-one model had no effect on 
“traditional pedagogy”, and indeed most of the statements described the use of “sub-
stitution” - the lowest level in the SAMR model. Whereas some teachers designed 
their lessons and were engaged in design of their own learning materials, the major-
ity of teachers used materials from content providers or other teachers, and still 
other teachers adapted existing content for their class.

The total number of statements that reflected the disadvantages of using laptops 
in teaching and learning was twice as many in comparison with the statements that 
describe the advantages. The most obvious disadvantage that appeared in teachers’ 
testimonies was classroom management – namely, discipline, and as a result, time 
management. One of the common disciplinary issues was students coming to school 
without their laptops or with an un-charged battery. Another issue was that students 
were often tempted to use their laptop for other things than learning during class, 
including games, surfing the web, and listening to music.

Technical problems were the second most common drawback of the one-to-one 
model. Some of the technical problems mentioned were depleted batteries, hardware 
and software issues, broken parts, a laptop that was sent to be repaired for a month, 
during which time the student had to work without it. The teachers felt that they had 
to deal with trivial issues, acting as the classrooms’ technician, leaving them little 
time to teach.

Some statements described the discrepancy between learning with laptops and 
the requirements of the matriculation exam. In certain subjects, such as history, 
social studies, and Bible studies, in which the school can determine approximately 
30% of the matriculation exam in the form of alternative assessment, the teachers 
used computer-based research. However, in most subjects, the matriculation exams 
are written exams. According to the teachers, preparing the students for that type of 
exam, which is based on a large amount of learning material that must be covered 
in a short period of time, is not possible if it has to be done with laptops. In con-
trast to the teachers who mentioned the advantage of using a computer in terms of 
reducing lesson preparation time, other teachers noted the opposite – the preparation 
of a computer-based lesson took them more time than preparing a lesson without 
computers. Difficulties stemming from teachers’ personal competencies and pref-
erences, such as their attitude towards computer-based teaching and learning, were 
expressed. Some teachers felt that students were learning to use new software or 
applications very quickly, whereas for them, learning to use new software or a new 
application could take several weeks, putting them at a disadvantage compared to 
their students.

4.2 � Pedagogical strategies that teachers use in one‑to‑one classrooms

Here we will examine the ‘Teachers’ Educational Use of Content Technologies’ 
(TEUCT) and ‘Teachers’ Educational Use of Interaction Technologies’ (TEUIT) 
scales developed by Badia et  al. (2015) and their expansion / adaptation. Three 
categories which did not appear in the original TEUCT/TEUIT scales emerged 
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bottom-up from the interviews. On the other hand, we identified four new categories 
which will be described below.

4.3 � Educational uses of technology by teachers to support content teaching 
(TEUCT)

The first new category in the TEUCT scale which emerged from the interviews 
may be generalized as ‘using ICT for visualization of content’, in addition to the 
existing category, ‘presenting contents through multimedia or hypermedia systems. 
While the existing category relates to the means of presentation – multimedia and 
hypermedia, the new category emphasizes the type of content – text, picture, video, 
sound, etc. A justification for considering the ‘use ICT for visualization of content’ 
as a separate component is that sometimes the use of visual presentation supports 
the learning process through reading or watching pictures or video clips, and not 
necessarily through oral instruction.

The second new category in the TEUCT scale may be generalized as ‘providing 
drills or exercises’ (see Table 4). In this case, it is important to distinguish between 
different types of practice. While often, this may refer to replacing a ‘pen and a 
paper technology’, it is sometimes a more complex practice that takes advantage of 
the interactivity of the computer. Although the most prominent of the four catego-
ries in the TEUCT scale is ‘supporting conversations with students’, none of the 
teachers mentioned this in their reports.

The third new category that was found was ‘connecting the learning content to 
the students’ world’ (see Table 4). The existing category, ‘supporting dialogue with 
students’, is too broad, and interviews showed no evidence of support for the use 
of computers in educational discourse, apart from the visual presentation of con-
tent (in the wake of which a discourse develops) and the possibility of connecting 
the subject being taught to the students’ world. None of the teachers related to the 
category ‘showing examples of products that students are required to develop’. The 
interviews did not indicate that the teachers use laptops to present best examples 
before performing a task (a pedagogical best practice which should be emphasized 
as important, but apparently did not occur in the current study). The fourth new 
category that was found was ‘organizing the teaching materials’, whereby teachers 
organized the teaching material for themselves, but indicated that this organization 
directly contributed to communication with the students.

4.4 � Teachers’ educational use of interaction technologies (TEUIT)

The first three categories in the TEUIT scale are consistent with the categories that 
emerged from the interviews (see Table  4). A category that exists in the original 
scale, and was not identified in the interviews, is ‘extending the classroom to the 
virtual classroom’. The absence of this category from the interviews is related to the 
basic uses in the SAMR model (Substitution and Augmentation) which were found 
to be the most common uses of ICT by the teachers in the study.
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Almost all teachers communicated with their students using WhatsApp primar-
ily. Some teachers had WhatsApp groups according to the different groups they 
taught, and they utilized this to send homework, send messages, and extend learning 
beyond the classroom’s space and time limits. Each educator (usually a homeroom 
teacher) had a WhatsApp group with his/her students. Teachers who did not want to 
open groups with all of their students were assisted by a homeroom teacher to send 
messages to their students. Communication also took place via e-mail, especially to 
transfer work pages, presentations, learning tasks, and online tests.

One of the advantages teachers noted was the ability to track the learning process 
and give feedback in real time. Namely, the students’ use of files that are shared with 
the teacher enabled them to keep track of their work and give immediate feedback 
during the learning process.A component that does not appear in Badia et al. (2015), 
and is seemingly unrelated to the teachers’ interaction with learners, is the organiza-
tion of online learning materials by the teacher. Although the organization of learn-
ing materials was done by the teacher for himself/herself, it helped students who 
missed a class or did not take notes, since they could go online and download the 
learning materials. Neither the teachers’ interviews nor the observations indicated 
evidence of the component of expanding the classroom into a virtual classroom.

5 � Discussion

5.1 � Teachers’ perceptions of the changes in teaching following implementation 
of the one‑to‑one model at school

The findings indicated several benefits of using a laptop for teaching, including dif-
ferential learning, engagement, independent learning, extending classroom activity 
beyond school’s space and time, and cultivating better understanding and creativ-
ity. Nevertheless, there were also several challenges of using a laptop for teaching. 
These challenges included discipline issues, technical issues, the educational sys-
tem requirements, students’ abilities, time needed for preparation of digital learning 
materials, and teachers’ abilities.

The most striking advantage of teaching using laptops in the one-to-one model, 
as expressed by the number of statements that can be attributed to it, is the ability to 
teach differentially, that is, the ability to enable each student to learn at his or her 
own pace. Thus, access to the internet can provide a pathway to active and engaged 
learning, in which participants construct knowledge through social interaction and 
exploration (Kamel Boulos & Wheeler, 2007), allowing users to work at their own 
pace and supporting students’ metacognition (Michalsky, Zion, & Mevarech, 2007).

Several teachers noted that in classes without laptops, they felt responsible for 
their students’ learning and understanding, whereas in the classes in which the 
students’ study with their personal laptops, the students assumed responsibility 
for their own learning. This demonstrates a positive characteristic of the change 
in teaching and learning practices derived from the one-to-one computing ini-
tiative. These findings are supported by Bergström and Mårell-Olsson (2018), 
who report students having greater control in one-to-one computing settings. 
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Research indicates that one-to-one laptop programs enhance independent learn-
ing (Fiorillo, 2015) and shift the relationship between student and teacher, cre-
ating a more independent learning environment for students and extending the 
relationship beyond the typical school day (Higgins, 2015).

Promoting creativity was mentioned by the teachers’ numerous times as an 
advantage in relation to the learning process in the classroom. This suggests 
that devices should be used to foster creativity and higher-level thinking skills, 
as supported by Hershkovitz and Karni (2018) and Doron and Spektor-Levy 
(2019). Teachers also took advantage of the one-to-one model to extend the 
learning outside of the classroom by organizing the learning materials in shared 
files with the students and supplying students with the class presentations. This 
is supported by previous reports, which describe the ability to share and organ-
ize resources and documents with students as an important advantage of one-to-
one programs. For example, students can wirelessly project content from their 
devices to instantly share their work and discuss it with their classmates (Perry, 
2018; Varier et  al., 2017; Kim et  al., 2019). These advantages are categorized 
under level 2 of the SAMR model – augmentation of the teaching materials.

More than half of the teachers claimed that the one-to-one model had no 
effect on traditional pedagogy, and indeed most of the statements described the 
use of “substitution” - the lowest level in the SAMR model. In addition, the 
majority of teachers used materials from content providers, and less than half of 
them designed their own teaching materials. Puentedura (2012) suggests that it 
can take up to three years after exposure to technology before instruction moves 
from basic implementation to practice that is considered more transformational. 
The teachers in this study received most of their materials from external sources 
and these were used to substitute the previous content, rather than augmenting 
the teaching materials, with only a fraction of the teachers modifying or re-
defining their teaching materials. As this data was collected in the fifth year of 
the project, this seems to imply that the expected change in teaching did not 
seep in deep enough. This finding can be explained by the concept of teachers 
as designers (Laurillard, 2013; Mor et al., 2015), whereby teachers who design 
their own learning activities integrate them with teaching to the best of their 
ability, and generally incorporate more teaching tools into their teaching (Cviko 
et al., 2011).

In this study, the biggest problem that teachers expressed in relation to learn-
ing via personal laptops was classroom management problems, and especially 
the ability to control the students’ use of the laptop during class. As with other 
areas of teaching, planning lessons that account for various learning styles, and 
require students to do most of the cognitive work during class, should reduce 
disengaged behaviors (Fiorillo, 2015). Difficulties related to technological issues 
were raised by 90% of the teachers, stating that technological problems are an 
issue. In a one-to-one computing school, technology issues should be reduced to 
a minimum, so that teachers are able to channel their energy into classroom and 
learning management.
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5.2 � Pedagogical strategies that teachers use in one‑to‑one classrooms

The scales developed by Badia et  al. (2015) were used to categorize various uses 
of technology for teaching. Namely, the analysis was based on the ‘teachers’ edu-
cational use of content technologies’ (TEUCT) category, which refers to research 
and educational practice related to what the teacher does in relation to the learn-
ing content, and the ‘teachers’ educational use of interaction technologies’ (TEUIT) 
category, which accounts for how the teacher uses technology to establish educa-
tional interactions with students. The interviews addressed four of the categories 
which appeared in the original scales: presenting content through a multimedia or 
hypermedia system, communicating with students, providing guidance and guide-
lines to facilitate learning, and monitoring progress in the learning process. Another 
three categories did not appear in the original scales and emerged from bottom-up 
data analysis: drill and practice, organizing learning materials, and connecting the 
learning content to the students’ world. Four of the original categories were not 
identified in the interviews: extending the classroom to the virtual classroom, show-
ing examples of outcomes or artifacts that students are required to develop, sup-
porting conversations with students, and supporting the oral presentation of content. 
Furthermore, we argue that some of the categories originally defined in the TEUCT 
scale should rather be included in the TEUIT scale. The categories in the TEUCT 
and TEUIT scales are not discussed in detail in the original article, thus we extracted 
their meaning from the little available information. Table 5 describes the new cat-
egorizations, which reflect our findings and our understanding of both scales.

According to the original scale, ‘communicating with students’ relates to any 
kind of communication between the teacher and students, whether using asynchro-
nous communication (e-mail) or synchronous communication (Messenger, Skype, 
or similar). In contrast, ‘supporting conversations with students’ relates to the con-
tent edited by the teacher himself/herself or other online resources with the purpose 
of supporting students’ teamwork. Thus, this category can be defined as the edu-
cational use of technologies to support content-related interactions. Since, accord-
ing to brief explanations in the original article, the main objective of the supporting 

Table 5   New classification

* Represents a new category; ** represents a category which was moved from one scale to another

TEUCT​ TEUIT
Presenting content through a multimedia or hyperme-

dia system
Communicating with students

*Visualization of content Providing guidance and guidelines to facilitate 
learning

* Drilling and practicing **Supporting conversation with students
*Connecting learning content to the students’ world Extending the classroom to the virtual classroom
Supporting oral presentation of content Monitoring the progress of the learning process
*Organizing teaching materials
Showing examples of outcomes or artifacts that 

students are required to develop
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conversation with students’ category is to forward references of online sources to 
the students using various online platforms or software in order to support students’ 
teamwork, we argue that it is more suitable to be included in the ‘Teachers’ educa-
tional use of interaction technologies’ scale, rather than the ‘Teachers’ educational 
use of content technologies’ scale.

* Represents a new category; ** represents a category which was moved from 
one scale to another.

Two of the new categories, showing examples of learning outcomes that students 
are required to develop, and supporting conversations with students are advanced 
teaching strategies, whereas drilling and practicing is a traditional strategy. As a 
teaching strategy is a series of systematic behaviors conducted by the teacher in the 
teaching process, it includes a method aimed at solving a certain practical teaching 
problem. Therefore, teaching strategies play an important role in the effectiveness of 
teaching. The findings point to a change in teaching strategies, from a more teacher- 
centered teaching approach to a more student-centered learning approach, which is 
related to the changing the role of teacher “from sage on the stage to guide on the 
side” (Blau et al., 2016; Wang & Zhang, 2019).

6 � Conclusions and recommendations

The intended contribution of this research was to map teachers’ perspectives on 
changes in teaching in one-to-one learning environments, as well as pedagogical 
strategies which teachers use in one-to-one classrooms.

For a one-to-one computing program to have a positive effect, it takes a really 
very long time and involves profound fundamental changes in teaching practices, 
perceptions, beliefs, and attitudes (Doron & Spektor-Levy, 2019). To realize such 
a fundamental effect, the school must do rather more than purchase mobile devices 
and provide students and teachers with access to them 24/7. Technology implemen-
tation could be a complex process that needs a comprehensive approach that trans-
forms school culture, changes the very nature of teaching and learning, and expands 
the boundaries of the school and classroom (Shapley et al., 2010).

This study crosschecked participant perspectives in interviews with actual class-
room behavior in lessons’ observations. Although a non-participant observation is a 
well-established research method in formal education settings, the limitation of this 
method is that we can’t completely exclude that students behave slightly different in 
presence of the observer, especially at the beginning.

Current circumstances (the Covid-19 pandemic) present a novel window of 
opportunity for schools to implement one-to-one programs. Despite these driving 
forces, school leaders must bear in mind the impact (or lack thereof) that such pro-
grams have on teaching, moreover because the multiple factors that influence the 
success of one-to-one programs. Leadership, organizational support, and profes-
sional development are positively correlated with classroom immersion (Williams 
& Larwin, 2016). Thus, based on the present study findings and previous stud-
ies, schools should think about the subsequent before implementing a one-to-one 
program:
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1.	 Do not re-invent the wheel - visit schools that already have a one-to-one program. 
Learn from them what works and what does not.

2.	 Develop a multi-year plan for preparation, implementation, and full deployment 
of the one-to-one program in light of the school’s goals (Williams & Larwin, 
2016).

3.	 Plan a whole school year for professional development in order to shift teachers’ 
attitudes and proficiency and develop teachers’ abilities to integrate their knowl-
edge of technology with knowledge of content and pedagogy before advancing 
to the students’ phase (Scott & Mouza, 2007).

4.	 Set clear expectations regarding the frequency and type of use of technology in 
the classroom.

One-to-one computing programs have the potential to improve students’ achieve-
ment and have, in fact, successfully attained this goal in many schools.
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