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Abstract 
Transforming a school from traditional teaching and learning to a one-to-one (1:1) classroom, in 
which a teacher and students have personal digital devices, inevitably requires changes in the way 
the teacher addresses her role. This study examined the implications of integrating 1:1 computing 
on teachers’ pedagogical perceptions and the classroom’s educational discourse. A change in 
pedagogical perceptions during three years of teaching within this model was investigated. The 
research analyzed data from 14 teachers teaching in a junior high school in the north of Israel col-
lected over the course of three years through interviews and lesson observations. The findings 
show that the 1:1 computing allows teachers to improve their teaching skills; however, it fails to 
change their fundamental attitudes in regard to teaching and learning processes. It was further 
found that the use of a laptop by each student does not significantly improve the classroom’s 
learning discourse. The computer is perceived as an individual or group learning technology ra-
ther than as a tool for conducting learning discourse. An analysis of the data collected shows a 
great contribution to collaboration among teachers in preparing technology-enhanced lessons. 
The findings are discussed in terms of Bruner’s (Olson & Bruner, 1996) “folk psychology” and 
“folk pedagogy” of teachers and “the new learning ecology” framework in 1:1 classroom (Lee, 
Spires, Wiebe, Hollebrands, & Young, 2015). One of the main recommendations of this research 
is to reflect on findings from the teaching staff and the school community emphasizing 1:1 tech-
nology as a tool for significant pedagogical change. It seems that the use of personal technology 
per se is not enough for pedagogical changes to take place; the change must begin with teachers’ 

perceptions and attitudes.  
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Introduction 
Technology-enhanced learning environments are becoming more prevalent in the classroom, and 
digital tools have been used as intellectual partners for active participation in construction of 
knowledge (Jonassen, 2008; Salomon & Perkins, 2005). Researchers, practitioners, and policy-
makers are engaged in debate about the effectiveness of learning and future promise of one-to-
one (1:1) computing in K–12 (Bebell, Clarkson, & Burraston, 2014). The definition of one-to-one 
computing (Penuel, 2006), indicated 3 criteria: providing a laptop for every student in class, con-
necting the laptops to the internet, and focus on using laptops to complete academic tasks. With 
the emergence of new technological devices, the definition expanded to any portable device, such 
as smartphone, tablet, and netbook (Bebell et al., 2014; Lee, Spires, Wiebe, Hollebrands, & 
Young, 2015; Shamir-Inbal & Blau, 2014). The devices used in the 1:1 project explored in this 
study were laptops.  

Some evidence suggests that 1:1 computing can impact students’ achievement, discipline, attend-
ance, and attitudes towards learning, as well as differentiate teaching and learning practices (Be-
bell et al., 2014; Harris & Al-Bataineh, 2015; Rosen & Beck-Hill, 2012). The qualitative analysis 
of K-12 students’ reflections over time, presented in blog postings about the impact of 1:1 com-
puting in their schools (Zheng, Arada, Niiya, & Warschauer, 2014), revealed seven main themes: 
(1) more efficient and productive learning, (2) tools for better writing, (3) access to information, 
(4) engagement with new media, (5) remaining relevant in a technological world, (6) share and 
learn from peers, and (7) individualized and differentiated instruction.   

However, as Cuban (2001) noted, from the pedagogical perspective, technology integration often 
mimics its analog counterpart rather than facilitates transformative change in teaching and learn-
ing. Despite a broadly accepted premise that 1:1 computing can change teaching methods, find-
ings show only peripheral change in teachers’ attitudes and educational practices (Bebell & 
O’Dwyer, 2010; Penuel, 2006; Wilson, 2014). This study examined the implications of integrat-
ing a 1:1 computing with laptops in a large junior high school (7th-9th grades) on teachers’ peda-
gogical perceptions and the educational discourse in classroom. 

Types of Pedagogical Change and 1:1 Computing  
The pedagogical change in a technology-enhanced classroom may occur as a first order change or 
a second order change. A first order change is a behavioral change within the limits of the exist-
ing pedagogical principles, while in a second order change boundaries are breached, pedagogical 
principles change, and, as a result, behavior changes as well (Watzlawich, Weakland, & Fisch, 
1974). In a technology-enhanced classroom, a first order change can be manifested as the im-
provement of the prevalent teaching methods by using various demonstration tools and online 
information sources (Blau, 2011b). This use of technology does not change the pedagogical per-
ceptions of the teacher, but rather serves her teaching method. The integration of technology in 
the processes of teaching and learning can also bring about a second order change, a paradigmatic 
change in the triad: teacher-student-content.  Such a change is suggested by Scardamalia and 
Bereiter (1999) who seek to stop viewing the student as a consumer of content and the teacher as 
his supplier, but rather to see the two of them as partners in a learning community that is building 
new knowledge. According to this approach, the school needs to change from a supplier of ser-
vices into a productive factory of knowledge construction, in which the input of students is 
acknowledged. As long as the integration of technology in the school is perceived as a technical 
issue, it will only achieve a first order pedagogical change. As soon as this integration is seen as 
an opportunity for changing pedagogical paradigm and the relationship between the teacher, stu-
dents, and content, it can produce a second order change. This kind of change requires a change 
in the teacher’s beliefs and in the entire school culture in which she operates (Ertmer & Ot-
tenbreit-Leftwich, 2010).   
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First order change and second order change might reflect different models of teaching and learn-
ing. Bruner (Bruner, 1996; Olson & Bruner, 1996) argued that educational decisions are deeply 
affected by our intuitive theories about how people learn (or “folk pedagogy”) and our beliefs 
regarding how minds work and learning takes place (or “folk psychology”). As other adults, 
teachers have “folk psychology” – beliefs regarding the mind of their students and the process of 
learning – and these conceptions are reflected in the way teachers speak about their teaching and 
in their behavior in classroom (Olson & Katz, 2011; Strauss, 2001). Bruner (Olson & Bruner, 
1996) suggest four models of perceiving teachers-learning processes: (1) learning as an acquisi-
tion of “know-how” (i.e., procedural knowledge) and students as “doers”; (2) learning as an ac-
quisition of propositional knowledge and a transfer of content from teacher to student, and learn-
ers as “knowers”; (3) learning as a development of inter-subjective interchange that explores 
child’s own perspective about the world, and children are independent “thinkers”; (4) learning as 
a management of “objective” knowledge and students as “knowledgeable” and able to connect 
their perspectives to existing cultural and scientific conventions.  

All models suggested by Bruner can be found in 1:1 classrooms. For instance, technology-
enhanced activities in which the teacher is the “model to imitate” or “source of knowledge” and 
the students are engaged in drill and practice or “consume” knowledge, lies on the first or second 
model of Bruner’s that perceives the processes of teaching as “demonstration” or “knowledge 
transfer” and learning as “modeling” or “knowledge acquisition”. As opposed to this, in technol-
ogy-enhanced inquiry by students, on-topic discussions among peers, or collaborative learning, 
students function as “owners of knowledge” in terms of the third model of Bruner. With appro-
priate guidance and facilitation, the teacher can use technology for helping students ground their 
subjective knowledge in the accepted conventions of science and culture, and thus, move them to 
the fourth model of teaching and learning proposed by Bruner. 

The Role of Teacher and Educational Discourse in 1:1 Classroom 
The pedagogical promise that lies in the integration of 1:1 computing is realized only under opti-
mal conditions (Ilomaki, 2008). These conditions include appropriate school leadership and the 
creation of teachers’ professional communities of practice, the purpose of which is to build up 
knowledge and skills of teachers, coordinate their lesson plans, expose colleagues to appropriate 
educational apps, and collaborate on designing digital learning materials (Bebell et al., 2014; 
Downes, & Bishop, 2015; Lindqvist, 2015). In order to feel a sense of ownership of the pedagog-
ical change, a teacher must be an active partner in the formulation of the pedagogical vision of 
technology integration, and the processes of learning and professional development must focus on 
this change (Ertmer & Ottenbreit-Leftwich, 2010). The assumption that only by using 1:1 laptops 
or other digital devices students will become more knowledgeable or more highly skilled is not 
valid from a pedagogical point of view (Fullan, 2011; Shamir-Inbal & Blau, 2014). Personal 
technology may be an impetus for change on the condition that it is led by the pedagogy; thus, the 
teacher must be aware of her pedagogical attitudes and remain open to professional changes (Blau 
& Peled, 2012). 

The integration of 1:1 computing influences the teacher’s role in the classroom (Bebell et al., 
2014; Bebell & Kay, 2010; Blau, Peled, & Nusan, 2014; Fleischer, 2012). Fleischer (2012) found 
that 1:1 technology enables teachers to work with more flexibility relative to the existing curricu-
la. Teachers reported that the 1:1 computing enabled them to teach more, in more depth, and in a 
shorter period of time (Silvernail, Pinkham, Wintle, Walker, & Bartlett, 2011). The objectives of 
1:1 initiatives underlie hidden or explicit expectation of changing the teaching methods (Rosen & 
Beck-Hill, 2012). For the most part, the attitude towards this change is described as the adoption 
of more student-centered teaching practices that promote higher-order thinking skills, “21st centu-
ry skills” and “future competences” of students (Bebell et al., 2014; Shamir-Inbal & Blau, 2014). 
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On the other hand, these practices challenge teachers in terms of 1:1 classroom management 
(Blau et al., 2014; Tallvid, Lundin, Svensson, & Lindström, 2015). Some authors (Lee et al., 
2015) even link 1:1 computing to “the new learning ecology”, in which (1) technology enables 
immediate and constant access to information; (2) the teacher acts as content expert, facilitator, 
consultant, mentor, and improvisationist; (3) students are more self-directed, self-regulated, curi-
ous, and creative learners; and (4) the learning process is intense, personalized, and relevant to 
students.   

One of the ways in which pedagogical change is manifested is educational discourse the teacher 
carries on in the classroom (Cazden, 1998). The prevalent pattern of educational discourse in 
classroom was first identified by Sinclair and Coulthard (1975) as IRF and later by Mehan (1979) 
as IRE sequences. The sequence is initiated by the teacher (represented by “I”) asking a question 
mostly relating to already known information. Then the pupils are supposed to respond (repre-
sented by “R”), and the short sequence is closed by the teacher’s feedback (represented by “F”) or 
evaluation (represented by “E”). According to Cazden (1998), these patterns govern educational 
discourse in a teacher-centered classroom. She claimed that teachers do not use it for the sake of 
exploring ideas or building new knowledge, but mainly to maintain control. Recent findings in 
the 1:1 learning environment support this claim (Blau et al., 2014; Wilson, 2014). Wertsch (1998) 
recognized that this pattern of educational discourse is the most resistant to change across class-
rooms.  

The IRE is still the most widespread discourse structure to be found in classrooms all over the 
world (Rogers, 2011), including 1:1 classrooms (Wilson, 2014). However, one should consider 
this triadic structure of educational discourse as a basis for different pedagogical goals (Molinari, 
Mameli & Gnisci, 2013). For example, 1:1 computing can facilitate online educational interaction 
of students with teachers and with more advanced peers, as a part of both in- and out-of-class 
learning activities (Shamir-Inbal & Blau, 2014). In terms of Social Constructivism (Vygotsky, 
1978), we can assume that such interactions and educational discourse of students with the teach-
er and more advanced peers in 1:1 settings provides online scaffolding. Thus, through educational 
discourse, 1:1 classroom can advance students within their Zone of Proximal Development (ZPD) 
– beyond their current level or understanding and competence.  

In sum, the literature reviewed above focuses on pedagogy, the role of teachers, and the educa-
tional discourse in 1:1 classrooms. The conceptual frameworks we used to discuss these issues 
are first and second order change, Bruner’s models of teaching and learning, and “the new learn-
ing ecology”. Previous studies showed that 1:1 technology can be a powerful pedagogical tool, 
but in many cases this model preserves teacher-centered instructional practices. Consequently, the 
educational potential of 1:1 computing remains only partially realized and does not produce deep 
pedagogical changes. 

The Study’s Objective 
This study examined the implications of 1:1 computing on the pedagogical perspectives of teach-
ers and educational discourse in classroom. This study was carried out with a qualitative research 
approach. The conceptual framework for analyzing pedagogical perspectives of teachers used in 
this study is the “four models” of Bruner (Olson & Bruner, 1996) reflecting the “folk psycholo-
gy” and “folk pedagogy” of teachers, and “the new learning ecology” framework in 1:1 class-
room (Lee et al., 2015). Educational discourse in 1:1 classroom will be addressed in terms of the 
IRE pattern and socio-constructivist claim of promoting students within their ZPD through inter-
actions of students with the teacher and more advanced peers.   

The following research questions attempted to expose the teachers’ perspectives and their expres-
sion in teaching: 
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1.  Whether and how teachers’ pedagogical perspectives have changed during the three years of 
teaching in the program?           
2.  Whether and how 1:1 computing affected the educational discourse in the class?   
3.  Whether and how 1:1 computing affected collaboration among the teachers in the design of 
technology-enhanced lessons? 

The Method 
Participants 
The participants in the study were eleven female teachers and three male teachers from a variety 
of disciplines, in a large regional junior high school (7th-9th grades) in the north of Israel, which 
had integrated 1:1 laptop initiative for teachers and students (the KATOM initiative – the acro-
nym of “Classroom, Student, and Teacher” in Hebrew). All the teachers who taught in 1:1 class-
rooms for three years (2011, 2012, 2013) took part in the study. These teachers volunteered to 
teach in 1:1 classroom during the first wave of the integration. The age of the participants was 
normally distributed, the average was 44.1 years. The teachers were from the following disci-
plines: two teachers of math, science, Hebrew (native language), literature, English (SL), Bible 
studies, and one history teacher.  

All teachers participated in the program received a standard initial training provided by the Israeli 
Ministry of Education (30 hours). The initial training focused on basic digital competences and 
the ways of incorporating technology in teaching in order to enhance learning. In addition, ongo-
ing professional development was provided by the 1:1 laptop initiative and included weekly 
meetings of the participants with the instructor holding the M.A. degree in Educational Technol-
ogy and Learning Systems. The ongoing professional development was based on three parallel 
segments derived from the Technological pedagogical and content knowledge (TPACK) model 
(Mishra & Koehler, 2006): (1) technological knowledge and proficiency (TK), which had the ob-
jective to create a first order change; this segment was based on weekly group work and personal 
support according to each teacher’s needs; (2) subject related team work; for instance, the science 
teachers met weekly in order to connect their unique content knowledge to their technological 
knowledge (TCK); and (3) teaching with technology – experimenting and evaluating in their clas-
ses ways to enhance their teaching and student’s learning with technology. This model (TPACK) 
leads to a second order change. A follow up in the subject-related teams and with the program’s 
instructor enabled peer support and spread of pedagogical ideas and best practices. 

Research Tools and Procedure 
At the end of the first semester and the second semester of each school year, non-participant ob-
servations were carried out in double lessons of each teacher who taught in 1:1 classroom. The 
observation protocol included a description of the classroom, descriptions of events, and related 
commentary (for details see Lee et al., 2015). Immediately after the observation, a semi-
structured interview was conducted with the teacher (see Appendix). The proximity of the inter-
view to the observation allowed immediate reference to the lesson, in which personal laptops 
were used. A total of six hour-and-a-half observations and six hour-long interviews were carried 
out with each of the 14 teachers. The observations’ notes were typed. The interviews were audio 
recorded and transcribed. 

At the end of the third year of the initiative, a final meeting was conducted, at which each of the 
curricular teams reported on and demonstrated examples of the way in which they integrated 1:1 
computing in teaching and learning. In addition to the curriculum team coordinator’s report, each 
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of the teachers on the team expressed his or her reflections on teaching in 1:1 classroom. This 
meeting also was audio recorded and transcribed.  

Our data analysis consisted of scrutinizing our open-ended observations and resulting field notes 
as well as the data from the follow-up interview sessions. The analysis of the final meeting notes 
was also conducted as part of confirming and disconfirming emerging findings. We applied the 
method of thematic analysis by the classifications of generating initial codes, defining and nam-
ing themes, reviewing themes, and searching for themes (Vaismoradi, Turunen, & Bondas, 2013). 
It has been suggested that thematic analysis, as a flexible and useful research tool, provides a rich 
and detailed, yet complex, account of the data (Braun & Clarke, 2006). 

Results and Discussion 
1:1 Computing and Teachers’ Pedagogical Perceptions 
Already in the first year of implementation of the program, all the teachers recognized the possi-
bility of 1:1 computing to change teaching practices.  One of the teachers emphasized that the 
opportunity allowed her “to step away from the teacher-centered approach to a situation in which 
students are provided with a variety of opportunities. For example, during the today’s lesson my 
students conducted independent research, watched educational video, used simulation, and dis-
cuss their understanding with peers” [T2]. This finding is consistent with Lee et al.’s (2015) 
study that links 1:1 computing to “the new learning ecology”. The activities in the citation reflect 
three out of four elements of the new learning ecology framework: 1:1 computing enables imme-
diate access to information; teacher acts as content expert, facilitator, and mentor; and the learn-
ing process is more intense, personalized, and relevant to students.    

However, only a minority (three out of fourteen teachers) saw 1:1 computing as an opportunity 
for substantial pedagogical change.  It appears, therefore, that only a fifth of the teachers in the 
initiative arrived at what could be interpreted as second order change (Watzlawick et al., 1974). 
In contrast, most of the teachers were satisfied with first order change. They identified the main 
objective of teaching in 1:1 classroom as reinforcement of existing teaching methods, diversifica-
tion of demonstration tools, and exposure of students to various information sources. For in-
stance, some of the teachers used laptops mostly for taking notes: “The laptop replaces the tradi-
tional notepad - it can help students organizing learning materials and revising them before an 
exam. But it can’t replace frontal instruction, the conveying of information by the teacher.” [T6].  

Furthermore, most of the teachers perceived frontal instruction as their main teaching method, 
and some explained that this teaching style arises from their need to control the class. This find-
ing is consistent with the need for control documented in a previous study of 1:1 computing (Wil-
son, 2014). Moreover, some teachers noted that traditional instruction without technology allows 
them to carry on more meaningful discussions in the classroom and were dissatisfied with 1:1 
computing, which did not allow them to hear their students’ opinions and monitor students’ pro-
gress. This argument was also presented by the participants of Wilson’s study and can be attribut-
ed to the need to control students.    

Comparative analysis between the observations and the interviews shows discrepancies between 
the pedagogical principles that our participants declared in the interviews and the teaching prac-
tices observed in their lessons. It was apparent from the interviews that most of the teachers rec-
ognize the potential of 1:1 computing for implementing the principles of constructivist learning.  
However, consistent with previous results (Blau et al., 2014), the teachers in our study were 
aware of these principles on a declarative level: this awareness was not manifested in their teach-
ing.  From the observations it was found that (1) in most of the lessons the laptops were used for 
the entire class demonstrations and for independent work by students, (2) few teachers initiated a 
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process of collaborative learning in small groups, (3) most of the learning tasks had one correct 
answer that the students were meant to arrive at. In terms of Bruner’s “folk pedagogy” (Bruner, 
1996; Olson & Bruner, 1996), the finding suggests that these participants assume that teaching is 
a process of knowledge transmission, according to which the teacher is the “owner of knowledge” 
and his role is to transfer a defined “body of knowledge” to the students. This finding reinforces 
the previous conclusions that the use of computers improves existing teacher-centered instruction, 
but does not bring about essential pedagogical changes (Cuban, Kirkpatrick, & Peck, 2001; 
Ilomaki, 2008; Magen-Nagar, Rotem, Inbal Shamir, & Dayan, 2014; Wilson, 2014). Neverthe-
less, our findings differ from the argument of Bruner (Olson & Bruner, 1996), according to which 
beliefs about the nature of learning – “folk psychology” – are consistent with teaching methods – 
“folk pedagogy”. We can explain this contradiction by the different population of our study – in-
service teachers that receive ongoing pedagogical-technological professional development. It 
seems that professional development changes only “folk psychology”, at least on its declarative 
level, but “folk pedagogy” in 1:1 classroom remains unchanged. This explanation is consistent 
with previous differentiation between teachers’ folk psychology and pedagogy and their profes-
sional knowledge (Strauss, 2001). Future studies can explore this apparent gap between folk psy-
chology and folk pedagogy of teachers on one hand, and professional knowledge of in-service 
teachers in the context of technological-pedagogical professional development on the other hand.   

Only three out of fourteen teachers explicitly described the ways in which 1:1 computing enables 
them to put the constructivist approach into practice in the classroom and perceive themselves as 
facilitators of learning processes and mentors of their students. For example, one of these teachers 
emphasized the responsibility of teachers to differentiate the learning process in 1:1 classroom 
[T3]:”Learning with laptops allows differentiation. It’s possible to reach every student, and I 
think it is important to adapt the learning process in a heterogenic classroom to different aca-
demic levels of my students”. Another teacher argued that in 1:1 classroom teacher should pass to 
students more responsibility for the learning process and develop their self-regulation competenc-
es: “The students assume responsibility for their own learning because in 1:1 classroom it de-
pends on them whether they learn or not. If I let my students learn how to be independent, I think 
that they gain additional important skills. They know how to learn, to solve complex problems, to 
overcome challenges” [T2]. These findings are consistent with the Lee et al.’s (2015) claim, ac-
cording to which 1:1 computing promotes “the new learning ecology”.  These citations revealed 
the following three elements of the new learning ecology framework: teacher in 1:1 classroom 
acts as facilitator, consultant, and mentor; students are more self-directed and self-regulated 
learners; and the learning process is more personalized and relevant to students.    

These three teachers expressed dissatisfaction with the prevalent pedagogical perceptions and did 
not find first order change to be sufficient in 1:1 classroom. In terms of Bruner’s teaching-
learning models (Bruner, 1996; Olson & Bruner, 1996), we can argue that these teachers view 
their students, according to the second and the third model, as independent “thinkers” and 
“knowledgeable”. These teachers acknowledge the fact that knowledge is constantly developing, 
is found in everyone, and is therefore constructed and cannot be transferred, but rather grounded 
in the conventions of science and culture. Thus, the role of teacher in 1:1 classroom is not only to 
facilitate the construction of knowledge by students, but also to provide (digital and analog) scaf-
folds that will frame the ideas and intuitive understanding of their students in the existing scien-
tific and cultural heritage (Barzilai & Blau, 2014). In other words, the role of teacher goes beyond 
the constructivism according to the third model of Bruner, towards the fourth model of teaching 
and learning, which deals with facilitating the construction of “objective knowledge” by students. 
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The Evolvement of Pedagogy over Time 
Over time, digital competences of the teachers and their abilities to design technology-enhanced 
lessons have improved. This improvement was apparent in both the time needed to design these 
lessons and the quality of the lessons. A science teacher, who estimated during the first year that 
she spent more time in preparations, stated at the end of the third year that “As time goes by, it 
becomes easier. At the start of the 1:1 initiative it would take about two hours and in most cases 
it wasn’t as well planned as today’s lesson. Now, if I know what I want to design and I am fo-
cused, the preparation takes from 30 minutes to an hour” [T8]. The shortening of the lesson de-
sign time after three years of 1:1 initiative is highly significant, since previous studies that did not 
examine changes over time, presented the time required for digital design as a hindering factor in 
the integration of 1:1 computing (Carenzio, Triacca, & Rivoltella, 2014; Cuban et al., 2001; 
Guitert & Vazquez, 2013).   

However, three years of teaching in 1:1 classroom did not change the pedagogical perspectives of 
the teachers and the way in which they use laptops in the classroom.  This is an example of using 
the laptops at the end of the third year: “The teachers and students write answers together. One of 
the students composes the answer and the teacher suggests what they should add in order to get 
an acceptable answer. The individual laptops of students are basically used as a whiteboard – for 
working with the whole class on editing “right answers”.” [L83].  

Moreover, after three years of 1:1 initiative in the school, it did not bring additional teachers to 
make a second order pedagogical change (Watzlawick et al., 1974). In terms of Bruner’s models 
(Bruner, 1996; Olson & Bruner, 1996), time did not bring about a shift from the teaching-learning 
process as “transfer of knowledge” from teacher to student, according to the second model, to the 
process of learning as active construction of knowledge by the students, as described by the third 
and fourth models. Those three teachers who defined themselves in the first year as “facilitators” 
of learning processes conserved this definition at the end of the third year as well, but surprising-
ly, not even one additional teacher joined them.  Over time, the observations consistently showed 
that these three teachers expanded their repertoire of 1:1 computing in the way consistent with the 
principles of constructivist pedagogy –they used technology to enable inquiry learning of stu-
dents, problem solving, and collaborative learning. The only exception was presented in the inter-
view by one of these three teachers and it described the change over time from teacher-centered 
to student-centered teaching: “Before the initiative, a large proportion of the time in classroom 
was spent on solving discipline problems and then, on frontal instruction, in which I was the 
source of knowledge. For example, I read them the poem, explained the words, analyzed it for 
them, and gave them some questions as homework. Today, as you could see, there’s no need for 
that. Now they listen to the poem on the computer, they read it by themselves, they find the words 
that they don’t understand in the online dictionary and read the poem’s interpretation on the web. 
After analyzing it according to characteristics summarized on the class website, each student has 
his or her final product and we begin a discussion. Thus, their learning with laptops is self-
directed and my role is mainly to monitor this process and facilitate the discussion at the end of 
the process, in order to insure that there are no misinterpretations” [T10]. In terms of Lee et al. 
(2015), the activity in the citation presents all four components of “the new learning ecology” in 
1:1 computing: technology enables immediate access to information; teacher acts as content ex-
pert, facilitator, and consultant; students are self-directed; and the learning process is personalized 
and relevant to students.   

Similarly, the teachers’ perceptions regarding the amount of content covered in 1:1 classroom did 
not change over the years either. The teachers, who claimed in the first year of the initiative that 
the amount of content covered was unimportant or that they sufficiently covered the material, re-
peated the claim in the third year as well.  On the other hand, teachers, who in the first year com-
plained of delays caused by the 1:1 computing, repeated the same complain after three years of 
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the initiative. These findings are similar to the results of 1:1 initiative in Spain (Guitert & 
Vazquez, 2013). The participants’ claims about the sense of advancing in the content provide ad-
ditional testimony for the prevalence of Bruner’s second model (Bruner, 1996; Olson & Bruner, 
1996) in “folk psychology” of teachers. Consistent with the claim of Strauss (2001), interviews 
with the majority of our participants showed that subject-matter content is perceived as a body of 
information of a certain scope, which exists beyond the consciousness of the students, is trans-
ferred by the teacher during the lesson, and is acquired by the students. Unfortunately, our find-
ings suggest that over time 1:1 computing does not change, but on the contrary, reinforces beliefs 
of teachers about the nature of learning. The absence of change over time in the pedagogical per-
ceptions of the teachers who participated in the present study suggests that “folk psychology” of 
teachers is quite fixed and does not change substantially as a result of changes in the learning en-
vironment. Future research should examine this explanation with a larger and more diverse sam-
pling of teachers. 

Our findings in regard to the changes over time in 1:1 classroom support the claim that technolog-
ical innovations do not guarantee changes in pedagogical perceptions of teachers (Cuban, 2001).  
Changing pedagogical perceptions requires professional development of teachers as a community 
of practice and explicit encouragement of the school leadership (Blau & Presser, 2013). Neither 
professional development of the teachers nor the school leadership and stakeholders from the 1:1 
initiative had aims of changing pedagogical beliefs of the teachers, which, according to Ertmer 
and Ottenbreit-Leftwich (2010), is a necessary precondition for bringing about second order 
change.   

Characteristics of the Educational Discourse 
Regarding the educational discourse, our data showed the same differences between the three 
constructivist-minded teachers and the rest of the participants. Most of the lessons of the three 
teachers included a substantial element of independent or group learning, and both observations 
and interviews revealed that complex discourse occurred during the lessons between the students 
and the teacher and between peers. One of the teachers stated, “… I believe that class should in-
clude basic data acquisition, group discussion, work in pairs and larger groups, a lot of research 
and discovery, as well as the traditional assignments and tests... I think that the laptops have 
changed the balance between the various teaching methods….. In 1:1 classroom there are much 
more discussions related to student learning outcomes, much more interactions, and on-demand 
scaffolding of student understanding.” [T3].  

In the lessons of the majority of teachers, however, it appears that the use of laptops mostly en-
couraged independent learning of students and left less opportunity for educational discourse in 
the classroom. Moreover, among all the participants, 1:1 computing was not used at all for creat-
ing online educational discourse.  It appears that 1:1 computing does not substantially change the 
patterns of communication between the teacher and the students, and among peers in the class-
room.  Our data is consistent with the recent data regarding communication in 1:1 classroom pre-
sented by Swallow (2015).  It seems that the characteristics of the educational discourse are de-
termined by the pedagogical perceptions and not by the technological tools available to teachers. 
In opinion of most of the teachers who took part in the study, the meaningful educational dis-
course occurs during face-to-face group discussion, and not online. The laptop is perceived as a 
tool for enhancing independent or group learning, but not as a tool associated with the educational 
discourse, neither in the class nor out-of-class. Thus, in terms of Social Constructivism (Vygot-
sky, 1978), one of the potential benefits of 1:1 computing for advancing the students within the 
Zone of Proximal Development through online learning-related interactions with the teacher 
and/or more advanced peers has remained unrealized. Surprisingly, this potential for scaffolding 
students’ understanding by online discussions is not a part of “the new learning ecology” frame-
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work for 1:1 computing (Lee et al., 2015). We recommend exploring this issue in future studies in 
both, in-class and out-of-class online discussions, and including online interactions in the new 
learning ecology framework.  

Collaboration among Teachers on Digital Learning Design 
From the reports of the curricular teams has arisen the major importance of the collaboration on 
designing digital learning materials. Collaboration within a team can both improve the quality of 
the outcome (Blau & Caspi, 2009; Caspi & Blau, 2011) and save the time invested on preparing 
1:1 lessons. As stated by a teacher from the science department, “We work as a team, so we dis-
tribute the work load. We work together for approximately 30 minutes per day” [T8].   

Collaboration among teachers is a significant factor in improving the level of teaching and an in-
tegral part of teacher’s professional development (Daly, Moolenaar, Bolivar, & Burke, 2010; 
Downes, & Bishop, 2015). Indeed, it appears that the teachers’ ability to learn and collaboratively 
design digital learning materials adapted to specific needs of their students, is one of the most 
important conditions for the success of the 1:1 initiative (Lindqvist, 2015). That being said, it’s 
clear that the level of functioning of the curricular team depends on the human factor, regardless 
of the requirements of the initiative leadership and educational decision-makers (Blau & Hameiri, 
2012). The initiative created the necessity for adapting curriculum and to devote more time to 
collaborative design of digital learning materials (Downes, & Bishop, 2015). All the teachers re-
ferred to this necessity in positive terms. It appears that peer learning among teachers and expo-
sure to appropriate sources of information, various models of technology-enhanced lessons, and 
different apps, can significantly contribute to the design of 1:1 lessons (Lindqvist, 2015).  Moreo-
ver, the adoption of collaborative teamwork by teachers in the professional context could spread 
into the classrooms and encourage the teachers to promote collaborative learning among their 
students (Blau, 2011a). In future research, we recommend to explore the relationship between the 
professional collaboration among teachers and the collaborative learning of their students. 

Conclusion and Implications 
This study analyzed pedagogy, the role of teachers, and educational discourse in 1:1 classrooms 
in terms of first and second order change, Bruner’s models of teaching and learning, and “the new 
learning ecology” framework. The study reinforces the claim that technology is a powerful educa-
tional tool, but technology per se does not produce deep pedagogical changes. One-to-one com-
puting expands the educational repertoire, but preserves both student-centered and teacher-
centered instructional practices. Moreover, the findings indicate a gap between the teachers’ de-
clared insights about optimal technology-enhanced learning and the translation of those insights 
into actual teaching practices.   

The study has implications for the integration of 1:1 computing for enhancement of teaching and 
learning processes. The decision makers in education systems and schools that aspire to promote 
pedagogical changes need to clarify the pedagogical principles, or “folk pedagogy”, of the teach-
ers in the context of technology integration and teacher professional development. Based on the 
findings, we can recommend the encouragement of online discourse among students, both in-
class and out-of-class, as a mean for the advancement of learning processes. In addition, we rec-
ommend educational decision-makers and designers of teacher professional development pro-
grams to emphasize the processes of collaboration among teachers in the design of technology-
enhanced lessons. These processes require ongoing encouragement of educational leadership and 
appropriate teacher training. 
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Appendix: Guiding questions for semi-structured 
interviews with teachers 

1. In your opinion, what are the goals of one-to-one computing project on a school level? 
2. What are your personal goals as a teacher in one-to-one computing classroom? Why did 

you decide to join the group of teachers that has volunteered to teach in one-to-one clas-
ses? What were your expectations and concerns before launching the program? Wheth-
er and how is the reality different from the expectations? 

3. Describe the ways you use a laptop: 1-in everyday life; 2-for pedagogical purposes. On 
average, how much time do you invest into preparing technology-enhanced lesson? 

4. Do you succeed in “transferring the content” you planned for the lesson in one-to-one 
classroom? How, if at all, your role as a teacher in one-to-one class is different from 
your role as a teacher in regular class? 

5. Describe how, in your opinion, students should learn with laptops in one-to-one class-
room. What is important to pay attention to? Please provide an example, when and what 
type of activity is not suitable for using the technology. 

6. Some teachers argue that students “waste” too much time searching for information 
online. What do you think about this statement? Can you provide an example of a task 
that requires students to work with online information sources? 

7. To what extent is the lesson I have just observed typical for “regular” one-to-one compu-
ting lesson in your class? To what extent is the atmosphere in the lesson observed typical 
for one-to-one classroom?  

8. What was your goal in the lesson I have observed? What is your impression of the learn-
ing process that took place during the lesson? Can you provide an example of “typical” 
learning activity that involves technology? 

9. Do you see the change in a way students learn compared to the regular class? What 
about the change in the classroom atmosphere? Do students enjoy technology-
enhanced lessons? How about the change in interaction between students inside and 
outside the classroom? 

10. To what extent, if at all, one-to-one classroom management is different from traditional 
classroom management? How, if at all, are you aware of sites that students visit during 
the lesson? (Perhaps during the lesson kind-hearted boys are looking for girls who have 
no money to buy clothes…).  

11. Do you allow students to use online communication during the lesson? Explain why. 
12. Are technology-enhanced lessons available for students and visible for parents and the 

school staff through the classroom website? Can you show an example? 
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	Abstract
	Transforming a school from traditional teaching and learning to a one-to-one (1:1) classroom, in which a teacher and students have personal digital devices, inevitably requires changes in the way the teacher addresses her role. This study examined the implications of integrating 1:1 computing on teachers’ pedagogical perceptions and the classroom’s educational discourse. A change in pedagogical perceptions during three years of teaching within this model was investigated. The research analyzed data from 14 teachers teaching in a junior high school in the north of Israel collected over the course of three years through interviews and lesson observations. The findings show that the 1:1 computing allows teachers to improve their teaching skills; however, it fails to change their fundamental attitudes in regard to teaching and learning processes. It was further found that the use of a laptop by each student does not significantly improve the classroom’s learning discourse. The computer is perceived as an individual or group learning technology rather than as a tool for conducting learning discourse. An analysis of the data collected shows a great contribution to collaboration among teachers in preparing technology-enhanced lessons. The findings are discussed in terms of Bruner’s (Olson & Bruner, 1996) “folk psychology” and “folk pedagogy” of teachers and “the new learning ecology” framework in 1:1 classroom (Lee, Spires, Wiebe, Hollebrands, & Young, 2015). One of the main recommendations of this research is to reflect on findings from the teaching staff and the school community emphasizing 1:1 technology as a tool for significant pedagogical change. It seems that the use of personal technology per se is not enough for pedagogical changes to take place; the change must begin with teachers’ perceptions and attitudes. 
	Keywords: one-to-one computing, 1:1, laptop integration in school, teachers’ pedagogical perceptions, teacher “folk psychology” and “folk pedagogy”, “the new learning ecology” framework, educational discourse in the classroom.
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	The Study’s Objective

	Technology-enhanced learning environments are becoming more prevalent in the classroom, and digital tools have been used as intellectual partners for active participation in construction of knowledge (Jonassen, 2008; Salomon & Perkins, 2005). Researchers, practitioners, and policymakers are engaged in debate about the effectiveness of learning and future promise of one-to-one (1:1) computing in K–12 (Bebell, Clarkson, & Burraston, 2014). The definition of one-to-one computing (Penuel, 2006), indicated 3 criteria: providing a laptop for every student in class, connecting the laptops to the internet, and focus on using laptops to complete academic tasks. With the emergence of new technological devices, the definition expanded to any portable device, such as smartphone, tablet, and netbook (Bebell et al., 2014; Lee, Spires, Wiebe, Hollebrands, & Young, 2015; Shamir-Inbal & Blau, 2014). The devices used in the 1:1 project explored in this study were laptops. 
	Some evidence suggests that 1:1 computing can impact students’ achievement, discipline, attendance, and attitudes towards learning, as well as differentiate teaching and learning practices (Bebell et al., 2014; Harris & Al-Bataineh, 2015; Rosen & Beck-Hill, 2012). The qualitative analysis of K-12 students’ reflections over time, presented in blog postings about the impact of 1:1 computing in their schools (Zheng, Arada, Niiya, & Warschauer, 2014), revealed seven main themes: (1) more efficient and productive learning, (2) tools for better writing, (3) access to information, (4) engagement with new media, (5) remaining relevant in a technological world, (6) share and learn from peers, and (7) individualized and differentiated instruction.  
	However, as Cuban (2001) noted, from the pedagogical perspective, technology integration often mimics its analog counterpart rather than facilitates transformative change in teaching and learning. Despite a broadly accepted premise that 1:1 computing can change teaching methods, findings show only peripheral change in teachers’ attitudes and educational practices (Bebell & O’Dwyer, 2010; Penuel, 2006; Wilson, 2014). This study examined the implications of integrating a 1:1 computing with laptops in a large junior high school (7th-9th grades) on teachers’ pedagogical perceptions and the educational discourse in classroom.
	The pedagogical change in a technology-enhanced classroom may occur as a first order change or a second order change. A first order change is a behavioral change within the limits of the existing pedagogical principles, while in a second order change boundaries are breached, pedagogical principles change, and, as a result, behavior changes as well (Watzlawich, Weakland, & Fisch, 1974). In a technology-enhanced classroom, a first order change can be manifested as the improvement of the prevalent teaching methods by using various demonstration tools and online information sources (Blau, 2011b). This use of technology does not change the pedagogical perceptions of the teacher, but rather serves her teaching method. The integration of technology in the processes of teaching and learning can also bring about a second order change, a paradigmatic change in the triad: teacher-student-content.  Such a change is suggested by Scardamalia and Bereiter (1999) who seek to stop viewing the student as a consumer of content and the teacher as his supplier, but rather to see the two of them as partners in a learning community that is building new knowledge. According to this approach, the school needs to change from a supplier of services into a productive factory of knowledge construction, in which the input of students is acknowledged. As long as the integration of technology in the school is perceived as a technical issue, it will only achieve a first order pedagogical change. As soon as this integration is seen as an opportunity for changing pedagogical paradigm and the relationship between the teacher, students, and content, it can produce a second order change. This kind of change requires a change in the teacher’s beliefs and in the entire school culture in which she operates (Ertmer & Ottenbreit-Leftwich, 2010).  
	First order change and second order change might reflect different models of teaching and learning. Bruner (Bruner, 1996; Olson & Bruner, 1996) argued that educational decisions are deeply affected by our intuitive theories about how people learn (or “folk pedagogy”) and our beliefs regarding how minds work and learning takes place (or “folk psychology”). As other adults, teachers have “folk psychology” – beliefs regarding the mind of their students and the process of learning – and these conceptions are reflected in the way teachers speak about their teaching and in their behavior in classroom (Olson & Katz, 2011; Strauss, 2001). Bruner (Olson & Bruner, 1996) suggest four models of perceiving teachers-learning processes: (1) learning as an acquisition of “know-how” (i.e., procedural knowledge) and students as “doers”; (2) learning as an acquisition of propositional knowledge and a transfer of content from teacher to student, and learners as “knowers”; (3) learning as a development of inter-subjective interchange that explores child’s own perspective about the world, and children are independent “thinkers”; (4) learning as a management of “objective” knowledge and students as “knowledgeable” and able to connect their perspectives to existing cultural and scientific conventions. 
	All models suggested by Bruner can be found in 1:1 classrooms. For instance, technology-enhanced activities in which the teacher is the “model to imitate” or “source of knowledge” and the students are engaged in drill and practice or “consume” knowledge, lies on the first or second model of Bruner’s that perceives the processes of teaching as “demonstration” or “knowledge transfer” and learning as “modeling” or “knowledge acquisition”. As opposed to this, in technology-enhanced inquiry by students, on-topic discussions among peers, or collaborative learning, students function as “owners of knowledge” in terms of the third model of Bruner. With appropriate guidance and facilitation, the teacher can use technology for helping students ground their subjective knowledge in the accepted conventions of science and culture, and thus, move them to the fourth model of teaching and learning proposed by Bruner.
	The pedagogical promise that lies in the integration of 1:1 computing is realized only under optimal conditions (Ilomaki, 2008). These conditions include appropriate school leadership and the creation of teachers’ professional communities of practice, the purpose of which is to build up knowledge and skills of teachers, coordinate their lesson plans, expose colleagues to appropriate educational apps, and collaborate on designing digital learning materials (Bebell et al., 2014; Downes, & Bishop, 2015; Lindqvist, 2015). In order to feel a sense of ownership of the pedagogical change, a teacher must be an active partner in the formulation of the pedagogical vision of technology integration, and the processes of learning and professional development must focus on this change (Ertmer & Ottenbreit-Leftwich, 2010). The assumption that only by using 1:1 laptops or other digital devices students will become more knowledgeable or more highly skilled is not valid from a pedagogical point of view (Fullan, 2011; Shamir-Inbal & Blau, 2014). Personal technology may be an impetus for change on the condition that it is led by the pedagogy; thus, the teacher must be aware of her pedagogical attitudes and remain open to professional changes (Blau & Peled, 2012).
	The integration of 1:1 computing influences the teacher’s role in the classroom (Bebell et al., 2014; Bebell & Kay, 2010; Blau, Peled, & Nusan, 2014; Fleischer, 2012). Fleischer (2012) found that 1:1 technology enables teachers to work with more flexibility relative to the existing curricula. Teachers reported that the 1:1 computing enabled them to teach more, in more depth, and in a shorter period of time (Silvernail, Pinkham, Wintle, Walker, & Bartlett, 2011). The objectives of 1:1 initiatives underlie hidden or explicit expectation of changing the teaching methods (Rosen & Beck-Hill, 2012). For the most part, the attitude towards this change is described as the adoption of more student-centered teaching practices that promote higher-order thinking skills, “21st century skills” and “future competences” of students (Bebell et al., 2014; Shamir-Inbal & Blau, 2014). On the other hand, these practices challenge teachers in terms of 1:1 classroom management (Blau et al., 2014; Tallvid, Lundin, Svensson, & Lindström, 2015). Some authors (Lee et al., 2015) even link 1:1 computing to “the new learning ecology”, in which (1) technology enables immediate and constant access to information; (2) the teacher acts as content expert, facilitator, consultant, mentor, and improvisationist; (3) students are more self-directed, self-regulated, curious, and creative learners; and (4) the learning process is intense, personalized, and relevant to students.  
	One of the ways in which pedagogical change is manifested is educational discourse the teacher carries on in the classroom (Cazden, 1998). The prevalent pattern of educational discourse in classroom was first identified by Sinclair and Coulthard (1975) as IRF and later by Mehan (1979) as IRE sequences. The sequence is initiated by the teacher (represented by “I”) asking a question mostly relating to already known information. Then the pupils are supposed to respond (represented by “R”), and the short sequence is closed by the teacher’s feedback (represented by “F”) or evaluation (represented by “E”). According to Cazden (1998), these patterns govern educational discourse in a teacher-centered classroom. She claimed that teachers do not use it for the sake of exploring ideas or building new knowledge, but mainly to maintain control. Recent findings in the 1:1 learning environment support this claim (Blau et al., 2014; Wilson, 2014). Wertsch (1998) recognized that this pattern of educational discourse is the most resistant to change across classrooms. 
	The IRE is still the most widespread discourse structure to be found in classrooms all over the world (Rogers, 2011), including 1:1 classrooms (Wilson, 2014). However, one should consider this triadic structure of educational discourse as a basis for different pedagogical goals (Molinari, Mameli & Gnisci, 2013). For example, 1:1 computing can facilitate online educational interaction of students with teachers and with more advanced peers, as a part of both in- and out-of-class learning activities (Shamir-Inbal & Blau, 2014). In terms of Social Constructivism (Vygotsky, 1978), we can assume that such interactions and educational discourse of students with the teacher and more advanced peers in 1:1 settings provides online scaffolding. Thus, through educational discourse, 1:1 classroom can advance students within their Zone of Proximal Development (ZPD) – beyond their current level or understanding and competence. 
	In sum, the literature reviewed above focuses on pedagogy, the role of teachers, and the educational discourse in 1:1 classrooms. The conceptual frameworks we used to discuss these issues are first and second order change, Bruner’s models of teaching and learning, and “the new learning ecology”. Previous studies showed that 1:1 technology can be a powerful pedagogical tool, but in many cases this model preserves teacher-centered instructional practices. Consequently, the educational potential of 1:1 computing remains only partially realized and does not produce deep pedagogical changes.
	This study examined the implications of 1:1 computing on the pedagogical perspectives of teachers and educational discourse in classroom. This study was carried out with a qualitative research approach. The conceptual framework for analyzing pedagogical perspectives of teachers used in this study is the “four models” of Bruner (Olson & Bruner, 1996) reflecting the “folk psychology” and “folk pedagogy” of teachers, and “the new learning ecology” framework in 1:1 classroom (Lee et al., 2015). Educational discourse in 1:1 classroom will be addressed in terms of the IRE pattern and socio-constructivist claim of promoting students within their ZPD through interactions of students with the teacher and more advanced peers.  
	The following research questions attempted to expose the teachers’ perspectives and their expression in teaching:
	1.  Whether and how teachers’ pedagogical perspectives have changed during the three years of teaching in the program?          
	2.  Whether and how 1:1 computing affected the educational discourse in the class?  
	3.  Whether and how 1:1 computing affected collaboration among the teachers in the design of technology-enhanced lessons?
	The Method
	Participants
	Research Tools and Procedure

	The participants in the study were eleven female teachers and three male teachers from a variety of disciplines, in a large regional junior high school (7th-9th grades) in the north of Israel, which had integrated 1:1 laptop initiative for teachers and students (the KATOM initiative – the acronym of “Classroom, Student, and Teacher” in Hebrew). All the teachers who taught in 1:1 classrooms for three years (2011, 2012, 2013) took part in the study. These teachers volunteered to teach in 1:1 classroom during the first wave of the integration. The age of the participants was normally distributed, the average was 44.1 years. The teachers were from the following disciplines: two teachers of math, science, Hebrew (native language), literature, English (SL), Bible studies, and one history teacher. 
	All teachers participated in the program received a standard initial training provided by the Israeli Ministry of Education (30 hours). The initial training focused on basic digital competences and the ways of incorporating technology in teaching in order to enhance learning. In addition, ongoing professional development was provided by the 1:1 laptop initiative and included weekly meetings of the participants with the instructor holding the M.A. degree in Educational Technology and Learning Systems. The ongoing professional development was based on three parallel segments derived from the Technological pedagogical and content knowledge (TPACK) model (Mishra & Koehler, 2006): (1) technological knowledge and proficiency (TK), which had the objective to create a first order change; this segment was based on weekly group work and personal support according to each teacher’s needs; (2) subject related team work; for instance, the science teachers met weekly in order to connect their unique content knowledge to their technological knowledge (TCK); and (3) teaching with technology – experimenting and evaluating in their classes ways to enhance their teaching and student’s learning with technology. This model (TPACK) leads to a second order change. A follow up in the subject-related teams and with the program’s instructor enabled peer support and spread of pedagogical ideas and best practices.
	At the end of the first semester and the second semester of each school year, non-participant observations were carried out in double lessons of each teacher who taught in 1:1 classroom. The observation protocol included a description of the classroom, descriptions of events, and related commentary (for details see Lee et al., 2015). Immediately after the observation, a semi-structured interview was conducted with the teacher (see Appendix). The proximity of the interview to the observation allowed immediate reference to the lesson, in which personal laptops were used. A total of six hour-and-a-half observations and six hour-long interviews were carried out with each of the 14 teachers. The observations’ notes were typed. The interviews were audio recorded and transcribed.
	At the end of the third year of the initiative, a final meeting was conducted, at which each of the curricular teams reported on and demonstrated examples of the way in which they integrated 1:1 computing in teaching and learning. In addition to the curriculum team coordinator’s report, each of the teachers on the team expressed his or her reflections on teaching in 1:1 classroom. This meeting also was audio recorded and transcribed. 
	Our data analysis consisted of scrutinizing our open-ended observations and resulting field notes as well as the data from the follow-up interview sessions. The analysis of the final meeting notes was also conducted as part of confirming and disconfirming emerging findings. We applied the method of thematic analysis by the classifications of generating initial codes, defining and naming themes, reviewing themes, and searching for themes (Vaismoradi, Turunen, & Bondas, 2013).
	It has been suggested that thematic analysis, as a flexible and useful research tool, provides a rich and detailed, yet complex, account of the data (Braun & Clarke, 2006).
	Results and Discussion
	1:1 Computing and Teachers’ Pedagogical Perceptions
	The Evolvement of Pedagogy over Time
	Characteristics of the Educational Discourse
	Collaboration among Teachers on Digital Learning Design

	Already in the first year of implementation of the program, all the teachers recognized the possibility of 1:1 computing to change teaching practices.  One of the teachers emphasized that the opportunity allowed her “to step away from the teacher-centered approach to a situation in which students are provided with a variety of opportunities. For example, during the today’s lesson my students conducted independent research, watched educational video, used simulation, and discuss their understanding with peers” [T2]. This finding is consistent with Lee et al.’s (2015) study that links 1:1 computing to “the new learning ecology”. The activities in the citation reflect three out of four elements of the new learning ecology framework: 1:1 computing enables immediate access to information; teacher acts as content expert, facilitator, and mentor; and the learning process is more intense, personalized, and relevant to students.   
	However, only a minority (three out of fourteen teachers) saw 1:1 computing as an opportunity for substantial pedagogical change.  It appears, therefore, that only a fifth of the teachers in the initiative arrived at what could be interpreted as second order change (Watzlawick et al., 1974). In contrast, most of the teachers were satisfied with first order change. They identified the main objective of teaching in 1:1 classroom as reinforcement of existing teaching methods, diversification of demonstration tools, and exposure of students to various information sources. For instance, some of the teachers used laptops mostly for taking notes: “The laptop replaces the traditional notepad - it can help students organizing learning materials and revising them before an exam. But it can’t replace frontal instruction, the conveying of information by the teacher.” [T6]. 
	Furthermore, most of the teachers perceived frontal instruction as their main teaching method, and some explained that this teaching style arises from their need to control the class. This finding is consistent with the need for control documented in a previous study of 1:1 computing (Wilson, 2014). Moreover, some teachers noted that traditional instruction without technology allows them to carry on more meaningful discussions in the classroom and were dissatisfied with 1:1 computing, which did not allow them to hear their students’ opinions and monitor students’ progress. This argument was also presented by the participants of Wilson’s study and can be attributed to the need to control students.   
	Comparative analysis between the observations and the interviews shows discrepancies between the pedagogical principles that our participants declared in the interviews and the teaching practices observed in their lessons. It was apparent from the interviews that most of the teachers recognize the potential of 1:1 computing for implementing the principles of constructivist learning.  However, consistent with previous results (Blau et al., 2014), the teachers in our study were aware of these principles on a declarative level: this awareness was not manifested in their teaching.  From the observations it was found that (1) in most of the lessons the laptops were used for the entire class demonstrations and for independent work by students, (2) few teachers initiated a process of collaborative learning in small groups, (3) most of the learning tasks had one correct answer that the students were meant to arrive at. In terms of Bruner’s “folk pedagogy” (Bruner, 1996; Olson & Bruner, 1996), the finding suggests that these participants assume that teaching is a process of knowledge transmission, according to which the teacher is the “owner of knowledge” and his role is to transfer a defined “body of knowledge” to the students. This finding reinforces the previous conclusions that the use of computers improves existing teacher-centered instruction, but does not bring about essential pedagogical changes (Cuban, Kirkpatrick, & Peck, 2001; Ilomaki, 2008; Magen-Nagar, Rotem, Inbal Shamir, & Dayan, 2014; Wilson, 2014). Nevertheless, our findings differ from the argument of Bruner (Olson & Bruner, 1996), according to which beliefs about the nature of learning – “folk psychology” – are consistent with teaching methods – “folk pedagogy”. We can explain this contradiction by the different population of our study – in-service teachers that receive ongoing pedagogical-technological professional development. It seems that professional development changes only “folk psychology”, at least on its declarative level, but “folk pedagogy” in 1:1 classroom remains unchanged. This explanation is consistent with previous differentiation between teachers’ folk psychology and pedagogy and their professional knowledge (Strauss, 2001). Future studies can explore this apparent gap between folk psychology and folk pedagogy of teachers on one hand, and professional knowledge of in-service teachers in the context of technological-pedagogical professional development on the other hand.  
	Only three out of fourteen teachers explicitly described the ways in which 1:1 computing enables them to put the constructivist approach into practice in the classroom and perceive themselves as facilitators of learning processes and mentors of their students. For example, one of these teachers emphasized the responsibility of teachers to differentiate the learning process in 1:1 classroom [T3]:”Learning with laptops allows differentiation. It’s possible to reach every student, and I think it is important to adapt the learning process in a heterogenic classroom to different academic levels of my students”. Another teacher argued that in 1:1 classroom teacher should pass to students more responsibility for the learning process and develop their self-regulation competences: “The students assume responsibility for their own learning because in 1:1 classroom it depends on them whether they learn or not. If I let my students learn how to be independent, I think that they gain additional important skills. They know how to learn, to solve complex problems, to overcome challenges” [T2]. These findings are consistent with the Lee et al.’s (2015) claim, according to which 1:1 computing promotes “the new learning ecology”.  These citations revealed the following three elements of the new learning ecology framework: teacher in 1:1 classroom acts as facilitator, consultant, and mentor; students are more self-directed and self-regulated learners; and the learning process is more personalized and relevant to students.   
	These three teachers expressed dissatisfaction with the prevalent pedagogical perceptions and did not find first order change to be sufficient in 1:1 classroom. In terms of Bruner’s teaching-learning models (Bruner, 1996; Olson & Bruner, 1996), we can argue that these teachers view their students, according to the second and the third model, as independent “thinkers” and “knowledgeable”. These teachers acknowledge the fact that knowledge is constantly developing, is found in everyone, and is therefore constructed and cannot be transferred, but rather grounded in the conventions of science and culture. Thus, the role of teacher in 1:1 classroom is not only to facilitate the construction of knowledge by students, but also to provide (digital and analog) scaffolds that will frame the ideas and intuitive understanding of their students in the existing scientific and cultural heritage (Barzilai & Blau, 2014). In other words, the role of teacher goes beyond the constructivism according to the third model of Bruner, towards the fourth model of teaching and learning, which deals with facilitating the construction of “objective knowledge” by students.
	Over time, digital competences of the teachers and their abilities to design technology-enhanced lessons have improved. This improvement was apparent in both the time needed to design these lessons and the quality of the lessons. A science teacher, who estimated during the first year that she spent more time in preparations, stated at the end of the third year that “As time goes by, it becomes easier. At the start of the 1:1 initiative it would take about two hours and in most cases it wasn’t as well planned as today’s lesson. Now, if I know what I want to design and I am focused, the preparation takes from 30 minutes to an hour” [T8]. The shortening of the lesson design time after three years of 1:1 initiative is highly significant, since previous studies that did not examine changes over time, presented the time required for digital design as a hindering factor in the integration of 1:1 computing (Carenzio, Triacca, & Rivoltella, 2014; Cuban et al., 2001; Guitert & Vazquez, 2013).  
	However, three years of teaching in 1:1 classroom did not change the pedagogical perspectives of the teachers and the way in which they use laptops in the classroom.  This is an example of using the laptops at the end of the third year: “The teachers and students write answers together. One of the students composes the answer and the teacher suggests what they should add in order to get an acceptable answer. The individual laptops of students are basically used as a whiteboard – for working with the whole class on editing “right answers”.” [L83]. 
	Moreover, after three years of 1:1 initiative in the school, it did not bring additional teachers to make a second order pedagogical change (Watzlawick et al., 1974). In terms of Bruner’s models (Bruner, 1996; Olson & Bruner, 1996), time did not bring about a shift from the teaching-learning process as “transfer of knowledge” from teacher to student, according to the second model, to the process of learning as active construction of knowledge by the students, as described by the third and fourth models. Those three teachers who defined themselves in the first year as “facilitators” of learning processes conserved this definition at the end of the third year as well, but surprisingly, not even one additional teacher joined them.  Over time, the observations consistently showed that these three teachers expanded their repertoire of 1:1 computing in the way consistent with the principles of constructivist pedagogy –they used technology to enable inquiry learning of students, problem solving, and collaborative learning. The only exception was presented in the interview by one of these three teachers and it described the change over time from teacher-centered to student-centered teaching: “Before the initiative, a large proportion of the time in classroom was spent on solving discipline problems and then, on frontal instruction, in which I was the source of knowledge. For example, I read them the poem, explained the words, analyzed it for them, and gave them some questions as homework. Today, as you could see, there’s no need for that. Now they listen to the poem on the computer, they read it by themselves, they find the words that they don’t understand in the online dictionary and read the poem’s interpretation on the web. After analyzing it according to characteristics summarized on the class website, each student has his or her final product and we begin a discussion. Thus, their learning with laptops is self-directed and my role is mainly to monitor this process and facilitate the discussion at the end of the process, in order to insure that there are no misinterpretations” [T10]. In terms of Lee et al. (2015), the activity in the citation presents all four components of “the new learning ecology” in 1:1 computing: technology enables immediate access to information; teacher acts as content expert, facilitator, and consultant; students are self-directed; and the learning process is personalized and relevant to students.  
	Similarly, the teachers’ perceptions regarding the amount of content covered in 1:1 classroom did not change over the years either. The teachers, who claimed in the first year of the initiative that the amount of content covered was unimportant or that they sufficiently covered the material, repeated the claim in the third year as well.  On the other hand, teachers, who in the first year complained of delays caused by the 1:1 computing, repeated the same complain after three years of the initiative. These findings are similar to the results of 1:1 initiative in Spain (Guitert & Vazquez, 2013). The participants’ claims about the sense of advancing in the content provide additional testimony for the prevalence of Bruner’s second model (Bruner, 1996; Olson & Bruner, 1996) in “folk psychology” of teachers. Consistent with the claim of Strauss (2001), interviews with the majority of our participants showed that subject-matter content is perceived as a body of information of a certain scope, which exists beyond the consciousness of the students, is transferred by the teacher during the lesson, and is acquired by the students. Unfortunately, our findings suggest that over time 1:1 computing does not change, but on the contrary, reinforces beliefs of teachers about the nature of learning. The absence of change over time in the pedagogical perceptions of the teachers who participated in the present study suggests that “folk psychology” of teachers is quite fixed and does not change substantially as a result of changes in the learning environment. Future research should examine this explanation with a larger and more diverse sampling of teachers.
	Our findings in regard to the changes over time in 1:1 classroom support the claim that technological innovations do not guarantee changes in pedagogical perceptions of teachers (Cuban, 2001).  Changing pedagogical perceptions requires professional development of teachers as a community of practice and explicit encouragement of the school leadership (Blau & Presser, 2013). Neither professional development of the teachers nor the school leadership and stakeholders from the 1:1 initiative had aims of changing pedagogical beliefs of the teachers, which, according to Ertmer and Ottenbreit-Leftwich (2010), is a necessary precondition for bringing about second order change.  
	Regarding the educational discourse, our data showed the same differences between the three constructivist-minded teachers and the rest of the participants. Most of the lessons of the three teachers included a substantial element of independent or group learning, and both observations and interviews revealed that complex discourse occurred during the lessons between the students and the teacher and between peers. One of the teachers stated, “… I believe that class should include basic data acquisition, group discussion, work in pairs and larger groups, a lot of research and discovery, as well as the traditional assignments and tests... I think that the laptops have changed the balance between the various teaching methods….. In 1:1 classroom there are much more discussions related to student learning outcomes, much more interactions, and on-demand scaffolding of student understanding.” [T3]. 
	In the lessons of the majority of teachers, however, it appears that the use of laptops mostly encouraged independent learning of students and left less opportunity for educational discourse in the classroom. Moreover, among all the participants, 1:1 computing was not used at all for creating online educational discourse.  It appears that 1:1 computing does not substantially change the patterns of communication between the teacher and the students, and among peers in the classroom.  Our data is consistent with the recent data regarding communication in 1:1 classroom presented by Swallow (2015).  It seems that the characteristics of the educational discourse are determined by the pedagogical perceptions and not by the technological tools available to teachers. In opinion of most of the teachers who took part in the study, the meaningful educational discourse occurs during face-to-face group discussion, and not online. The laptop is perceived as a tool for enhancing independent or group learning, but not as a tool associated with the educational discourse, neither in the class nor out-of-class. Thus, in terms of Social Constructivism (Vygotsky, 1978), one of the potential benefits of 1:1 computing for advancing the students within the Zone of Proximal Development through online learning-related interactions with the teacher and/or more advanced peers has remained unrealized. Surprisingly, this potential for scaffolding students’ understanding by online discussions is not a part of “the new learning ecology” framework for 1:1 computing (Lee et al., 2015). We recommend exploring this issue in future studies in both, in-class and out-of-class online discussions, and including online interactions in the new learning ecology framework. 
	From the reports of the curricular teams has arisen the major importance of the collaboration on designing digital learning materials. Collaboration within a team can both improve the quality of the outcome (Blau & Caspi, 2009; Caspi & Blau, 2011) and save the time invested on preparing 1:1 lessons. As stated by a teacher from the science department, “We work as a team, so we distribute the work load. We work together for approximately 30 minutes per day” [T8].  
	Collaboration among teachers is a significant factor in improving the level of teaching and an integral part of teacher’s professional development (Daly, Moolenaar, Bolivar, & Burke, 2010; Downes, & Bishop, 2015). Indeed, it appears that the teachers’ ability to learn and collaboratively design digital learning materials adapted to specific needs of their students, is one of the most important conditions for the success of the 1:1 initiative (Lindqvist, 2015). That being said, it’s clear that the level of functioning of the curricular team depends on the human factor, regardless of the requirements of the initiative leadership and educational decision-makers (Blau & Hameiri, 2012). The initiative created the necessity for adapting curriculum and to devote more time to collaborative design of digital learning materials (Downes, & Bishop, 2015). All the teachers referred to this necessity in positive terms. It appears that peer learning among teachers and exposure to appropriate sources of information, various models of technology-enhanced lessons, and different apps, can significantly contribute to the design of 1:1 lessons (Lindqvist, 2015).  Moreover, the adoption of collaborative teamwork by teachers in the professional context could spread into the classrooms and encourage the teachers to promote collaborative learning among their students (Blau, 2011a). In future research, we recommend to explore the relationship between the professional collaboration among teachers and the collaborative learning of their students.
	Conclusion and Implications
	This study analyzed pedagogy, the role of teachers, and educational discourse in 1:1 classrooms in terms of first and second order change, Bruner’s models of teaching and learning, and “the new learning ecology” framework. The study reinforces the claim that technology is a powerful educational tool, but technology per se does not produce deep pedagogical changes. One-to-one computing expands the educational repertoire, but preserves both student-centered and teacher-centered instructional practices. Moreover, the findings indicate a gap between the teachers’ declared insights about optimal technology-enhanced learning and the translation of those insights into actual teaching practices.  
	The study has implications for the integration of 1:1 computing for enhancement of teaching and learning processes. The decision makers in education systems and schools that aspire to promote pedagogical changes need to clarify the pedagogical principles, or “folk pedagogy”, of the teachers in the context of technology integration and teacher professional development. Based on the findings, we can recommend the encouragement of online discourse among students, both in-class and out-of-class, as a mean for the advancement of learning processes. In addition, we recommend educational decision-makers and designers of teacher professional development programs to emphasize the processes of collaboration among teachers in the design of technology-enhanced lessons. These processes require ongoing encouragement of educational leadership and appropriate teacher training.
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	Appendix: Guiding questions for semi-structured interviews with teachers
	1. In your opinion, what are the goals of one-to-one computing project on a school level?
	2. What are your personal goals as a teacher in one-to-one computing classroom? Why did you decide to join the group of teachers that has volunteered to teach in one-to-one classes? What were your expectations and concerns before launching the program? Whether and how is the reality different from the expectations?
	3. Describe the ways you use a laptop: 1-in everyday life; 2-for pedagogical purposes. On average, how much time do you invest into preparing technology-enhanced lesson?
	4. Do you succeed in “transferring the content” you planned for the lesson in one-to-one classroom? How, if at all, your role as a teacher in one-to-one class is different from your role as a teacher in regular class?
	5. Describe how, in your opinion, students should learn with laptops in one-to-one classroom. What is important to pay attention to? Please provide an example, when and what type of activity is not suitable for using the technology.
	6. Some teachers argue that students “waste” too much time searching for information online. What do you think about this statement? Can you provide an example of a task that requires students to work with online information sources?
	7. To what extent is the lesson I have just observed typical for “regular” one-to-one computing lesson in your class? To what extent is the atmosphere in the lesson observed typical for one-to-one classroom? 
	8. What was your goal in the lesson I have observed? What is your impression of the learning process that took place during the lesson? Can you provide an example of “typical” learning activity that involves technology?
	9. Do you see the change in a way students learn compared to the regular class? What about the change in the classroom atmosphere? Do students enjoy technology-enhanced lessons? How about the change in interaction between students inside and outside the classroom?
	10. To what extent, if at all, one-to-one classroom management is different from traditional classroom management? How, if at all, are you aware of sites that students visit during the lesson? (Perhaps during the lesson kind-hearted boys are looking for girls who have no money to buy clothes…). 
	11. Do you allow students to use online communication during the lesson? Explain why.
	12. Are technology-enhanced lessons available for students and visible for parents and the school staff through the classroom website? Can you show an example?
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