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Abstract
Many countries integrate Information and Communication Technology (ICT) in classes as a means to improve learning, advance digital literacy, and increase student achievement. However, research on the academic effectiveness of these programs is still developing. This study analyses the effectiveness of integrating ICT in learning in terms of students’' motivation, sense of self-efficacy, achievement, and collaboration, in fifth-grade science classes in Israel. The sample consisted of 145 students from two elementary Arabic-speaking  public elementary schools characterized as low- SES schools.  (T88 and 57 students comprised the treatment and control group comprised 88 and 57 students, respectively). The research method wasis quasi-experimental. Measurements were collected before and after the implementation of the ICT program, were collected and pre- and post-level differences between the treatment and control groups were assessed using the differences-in-differences (DID) methodology. The rResults of the effectiveness analysis show a larger incremental trend in achievement and a higher level of collaboration among students in the treatment group compared to their counterparts in the control group, and a higher level of collaboration of students enrolled in the integrated ICT program compared to their counterparts in the control group. Changes in student motivation and self-efficacy were not statistically significant. The importance contribution of this study lies in the development of an effectiveness analysis, which that may contribute to improved performance among disadvantaged minority students and to the development of their collaboration skills.
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Introduction
The information age highlights the importance of information and knowledge in all aspects of life (Resnick, 2002). Accordingly, education has moved to adopt innovative methods of teaching and learning in a computerized environment, with the aim of equipping students with the 21st-century competences they require (Pedró, 2006; Zohar, 2011). In line with the change in educationFollowing this trend, many countries in the world use information technologyInformation and Communications Technology (ICT)  in class, both as a tool to improve student achievement and as an end in itself, namely to provide students with promote digital literacy as an end in itself (Livingstone, 2012). 
[bookmark: _GoBack]Many Western countries are seeingCurrently, in many Western countries there is a growing trend  of integrating Information and Communications Technology (ICT) in classes, which is seenas it is considered a powerful tool for innovationmaking reforms in education. Proper use of ICT can improve the quality of quality of educationlearning  and connect learning it to real-life situations experienced by learners (Fu, 2013). Integrating ICT in teaching and learning has several advantages. First, the use of ICT offers more additional opportunities for developing critical thinking skills. Second, itusing ICT can improve the quality of learning and teaching and support teaching by providing access to learning content (Fu, 2013). Finally, using ICT can support learner-centered learning and self-directed learning (Sanchez &and Aleman, 2011) in offeringand generate  a creative learning environment (Chai, Koh, & Tsai, 2010). 
Previous rIndeed, research has in shown the integration of ICT in science classes to be effective (Kubiatko, 2010; Kubiatko &and Vlckova, 2010; Ziden, Ismail, Spian, & Kumutha, 2011), indicating that the use of ICT use improves sciencethe learning of science from an early age (Kubiatko, 2010). Additionally, integrating ICT in science classes at the primary school level was shown tohas improved students’' attitudes toward learning science and has contributed to improved student achievement (Spiezia, 2010; Ziden et al., 2010; Ziden et al., 2011).
Using ICT helps students develops new strategies of problem-solving strategies, especially in science classes, and offers affords themstudents the ability opportunity to complete tasks at a higher level of complexity. RelatedlySimilarly, studying science studies requires  high-order abstract  thinking ability,, whichand the use of ICT allows students to develop, this ability, while also encouragingallowing themstudents to learn through discussion and thus to cope withmeet the difficulties challenges of understanding new material (Kubiatko &and Vlckova, 2010; Oldham, 2003). The use of technology assists in illustrating and simulating abstract or simulated subjects that whose teaching would otherwise would require scarcerare and expensive equipment such as microscopes and telescopes.
There are several parameters byby which the effectiveness of integrating ICT in education canmay be measured. Fu (2013) highlights four such parameters: (1) student motivation, (2) student collaboration, (3) student self-efficacy, and (4) academic achievement. We examined these four parameters using data fromof disadvantaged students, enrolled in Arabic- speaking public schools in Israel. In Arabic speaking schools areIsrael,  public schools where in which the curriculum is tahought in Arabic.  These schools are characterized marked by lower levels of achievement as compared to with the Hebrew- speaking schools (Abo Asba, 2007). 

Literature Review
Integrating information and communications technologyICT in class 
ICT integrationprograms includes the use of computers, the iInternet, and other media devices such as radio and television. In many Western countries ICT is widely used in education (Fu, 2013; Livingstone, 2012; Sa'nchezs &and Alema'n, 2011), and its implementation integration in education keepsis expanding (Fu, 2013). The increasing use of ICT in teaching reflects a change in the perception of learning, which is no longer seen as a passive acceptance reception of knowledge from the teacher, but as an ongoing, lifelong activity in which learners seek knowledge—and. oOver time, they seek it fromthey seek new sources of knowledge. Therefore,, using ICT in school is a prerequisite for continuing supports thise lifelong learning process (Fu, 2013).
     Integrating ICT in the learning process has several benefits. First, it may assist students in accessing digital information efficiently and effectively and promote shared and distance learning. Second, it offers more opportunities for developing critical thinking. Using ICT in teaching can improve the quality of learning and support teaching by providing access to learning content (Fu, 2013). Third, using ICT in teaching can support learner-centered learning and self-directed learning (Sa'nchez &and Alema'n, 2011) and createafford  a creative learning environment (Chai, Koh, & Tsai, 2010). However,. However, the merevery use of ICT in teaching does not guarantee all these benefitsse advantages: . Thisit is likely more  usage may be more beneficial whenif it is accompanied byintegrated with a relevant pedagogy. Furthermore, the integration of ICT in class may also have a negative impact on learning (Martinovic &and Zhang, 2012). To exemplifyFor example, a, teacher with poor ICT skills, might not benefit further students’ learning byfrom integrating ICT. Another example scenario concerns is related to the personal aspects of teaching and learning: iIf the usage of ICT replaces the teacher-student relationship, the student mightay feel perceive a lack of feedback from the a lack of teacher feedbackteacher, a deficiency thatwhich may not only  may make it more difficult to understand the material but alsoand damage the student’s self-confidence (Fu, 2013).	Comment by Author: This paragraph seems to be largely a repetition from p. 3. To shorten, consider replacing by “While integrating ICT in the learning process has several benefits (see Introduction), the mere use …”

 
Integrating ICT in science class
Previous rResearch literature has found that integrating ICT in science classes to beis effective (Kubiatko, 2010; Kubiatko &and Vlckova, 2010; Ziden, Ismail, Spian & Kumutha, 2011; Zucker, Tinker, Staudt, Mansfield, & Metcalf, 2008). Specifically, the use of ICT has increased high school students’' interest in the science. Similar findings were reported forin elementary schools. In a study comparingcomparison between an experimental group that studied science while integratingusing ICT, withand a control group that studied science incorporating using traditional means only, the use of ICT use not only improved students’' attitudes towards the material taught and science in general, but also improved improved student their achievement  (Ziden et al., 2011; Zuker et al., 2008). According to Spiezia (2011), while ICT programs in science teaching programs have been found to be effective atin positively influencing student achievement and scientific literacy in many countries, but research has not placed sufficient not enough emphasis is placed on understanding students’' use of computers at home, a variable that has been found to significantly impact student achievement in the sciences.
Measuring the effectiveness of integrating ICT in class  
The literature points out that ICT integration is effective in terms of (1) student motivation, (2) student collaboration, (3) student self-efficacy, and (4) academic achievement (Fu, 2013). Using ICT in education in general, and at a young age in particular, contributes to increasing student motivation (Livingstone, 2012). Additionally, integrating online learning with face-to-face learning expands widens students’' opportunities for collaboration, and increases their willingness to connect with other students (Anastasiades et al., 2010). The use of ICT in teaching contributes to students’' sense of self-efficacy, especially regarding the use of computers (Celik , &and Yesilyurt, 2013). FiInallyt, the use of ICT contributes to an increaseimproving  in academic achievement, especially in science (Ziden et al., 2010).


The Israeli context
In Israel there are two local initiatives that integrate ICT in science classes: tThe “A Laptop for Every Student Project” and the “Classroom Computer Student and Teacher Project.”. As part of these initiatives, science teaching is conducted through animation videos. For example, videos are used to teach "Earth and the Universe" in elementary school, and "Materials and Their Properties" in middle school (Klein, 2011).
     While rResearch on the effectiveness of  integrating ICT integration in science classes in Israel is scarce, but research studies on integrating ICT in class in general (with no focus on science) , with no special focus on science teaching, areis more numerouscommon (Brands &and Shtrauss, 2013). In a study examining high school teachers’' and students’' attitudes toward a program teachingthe biology using computers program in Israel, both teachers and students identified with the program’s's goals for integrating ICT into the life sciences teaching methods. Many of them were aware of the added value ​​they received from the program,'s but at the same time pointed out the unique effort and investment required (Shemesh et al., 2008). 
Although many initiatives at both the national and local level have been implemented to promote the integration of ICT integration in class, the incorporation of new technologies into the education system has not kept pace with technological developments. Also, the current gap between the possibilities affordedoffered by ICTinformation technology and its actual uses is large, and the state of the infrastructure and students’ levels of accesssibility of students to computers and the internetnetwork areis still very limited (Vorgan, 2010). Due to As a result of this gap, some of the goals of  ICT integration in class are not realized (Brands &and Shtrauss, 2013). For example, one of the purposes of teaching with ICT is to bring the school “closer” to the students, in terms of their everydaylearning experience:. However, while out of school students are exposed to advanced technologies outside of school, most schools in the country use a traditional pedagogy that does not include, without using the same technological means the student is accustomed to. For this reason,This leads to the school beingis perceived by the students as distant from their everyday lives students in a way that impairs their motivation for and interest in school their learning. In this context, a representative survey conducted by the Center for Educational Technology among a representative sample of students revealed that at home,  students use a computers at home primarily for games and communication with friends;, but the computer use for educational purposesneeds remainsis largely limited primarily to searching and writing activities (Brandes &and Shtrauss, 2013).
     Despite these challenges, research based on classroom observations suggests that integrating laptops in class may contribute to the adoption of innovative pedagogiesy, since the practice maythey can advance  aspects skills regarded as crucial to theof 21st st-century skills such as collaborative learning (Manny-Ican, Berger-Tikochinsky, & Bashan, 2013). In a more recent study, Getz and Goldberg (2016) found that since Vorgan’'s (2010) study, the situation in Israel has improved with regard to the implementation integration of instructional ICT, partly because of the implementation of the 21st-Century Education Adjustment Program and the activitiesy of the "Thought Center,”, which iwas foundeds designed to support computer teachers in Israel (Getz &and Goldberg, 2016). However,But despite this improvement, Nir et al. (2016) report that the changes have put a great deallot of pressure on teachers and administrators due to fulfill technological demandsrequirements on teachers and administrators. Specifically, due to the large effort investedment involved in dealing with technology, teachers are reported todo not havelack time for significant in-person teaching. 	Comment by Author: Do you mean “support teachers in using computers” (helps any teacher to use a computer) or “ICT teachers” (teachers who teach ICT as a subject) or “teachers using ICT” (teachers who use ICT for teaching other things)?


The objective of this research study is to analyse assess the effectiveness (in terms of motivation, self-efficacy, achievement, and collaboration) of the ICT program, which is implemented as a part of fifth-grade science classes in the fifth grade in Arabic- speaking public schools in Israel. 
The following research questions are addressedfollows:
1. Is the change in the motivation level greater inof the students oin the ICT program larger than in compared to the change in motivation of their counterparts oin the traditional program?
2. Is the change in the level of self-efficacy greater inof the students oin the ICT program larger than inthat of their peers oin the traditional program?
3. Is the change in the achievement greater inof the students oin the ICT program larger than in that of their peers onin the traditional program?
4. Are there differences in the level of collaboration between the students studying oin the ICT program and their peers oin the traditional program?

Based on the literature review, ourthe research hypotheses areare the following:
1.  TStudying on the ICT program will improve motivation, self-efficacy, student achievement and collaboration among students studying in the experimental group.
2. The improvement in the experimental group will be significantly greater among students in the experimental group than among those in the control group in the traditional program.

Methodsology

SThe study variables
– I--insert Table 1 here –--
Research designThe research set and the research paradigm 
The presente study usesresearch is based on a mixed-method paradigm:. In the present study, the quantitative part is intended to test the research hypotheses, while the qualitative part is intended to aims to validateprovide validity for the quantitative findings, as well as to examine variables that are harddifficult to quantifytatively reduce, such as the degree of student collaboration in the lessonclass. 
In the quantitative part, the research set design is quasi-experimental: pre- and post-measurements were carried out in, with an experimental group (students studying oin the ICT program) and a control group (students studying oin a traditional, non-ICT program); however,,  without random assignment of the experimental conditions could not be assigned randomly. AThe selection of a quasi-experimental set setup was chosenmade because it allowss us to measureexamine the effect of the intervention (in this case, - integrating ICT in science classes) on an experimental group as compared to  athe control group. IHowever, it was not possible to implementchoose a truen experimental setup, as we hadthere is no control over whichthe choice of the schools chose to implement or not to implement the ICT program; thus the assignment of students to groups could not be randomized, meaning that there is no random placement of schools to implement the program. In this situationTherefore, using the difference-in-differences (DID) methodology iwas appropriateused (see below, Angrist &and Pischke, 2008). Both studentBoth groups were assessedmeasured at two points in time:. iIn the experimental group, the first measurement was conducted prior to the implementation of the ICT program, and the second measurement was conducted one a year into the programfrom the implementation of the program. TAmong the control group was assessed , two measurements were made at the same time interval as the experimental group.	Comment by Author: Or “at the end of the academic year” as you seem to say on p. 12?

 


The qualitative partsection is based oncomprised six structured classroom observations: three classroom observations of (science classes) oin the ICT program and three classroom corresponding observations (science classes) atin the non-computerized schools, for a total of six structured observations.
Intervention
Students at bBoth schools studied the same science curriculum, which was delivered in the sciences with the same content using different, and the difference between them was in the teaching methods only (ICT versus. traditional). The computerized school had joined the ICT program five years agoprior. A computer-based program for teaching 5th-grade science was constructeddeveloped, consisting ofcomprising a numberabout 35 of lessons learned duringtaught over the course of an academicthe year,. one lesson per week, total about 35 lessons. Each week oOne such lesson per week was held in a special computer room with digital tools; and a second weekly science lessonone lesson was held in athe regular class room with laptops. TIn the experimental group two teachers delivered the program, they are talented  science sciences teachers with experience in ICT-facilitated teaching  who teach science in ICTdelivered the program using advanced , in advance were the computer room and digital tools., Students received instructions for learning activities and at the beginning of each class of students' classes and according to the instructions of each activity, the students begin the learning experience,. which included The program also included collaborative lessons (group learning).. TThe teachers and other observersviewers appreciated the group collaboration between the students in groups. 	Comment by Author: “Computer program” implies that a specific software was developed. I assume this was not the case, but rather that a teaching program / curriculum based integrating computer use was developed, hence “computer-based program” or for extra clarity, “computer-based curriculum.”
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While the 5th-graders atIn contrast, in  the school that studied the traditional programnon-computerized school, the 5th graders studied the same content, but most of the lessons were delivered usingin textbooks and regular laboratories and consisted of regular activities that prepared by the teacher prepared. GIn addition, there were group learning lessons among the students  were also held without the incorporation of digital tools but regular group activities. Occasionally the teacher used Sometimes there were lessons combined with computers and other technicaltangible tools that the teacher used as teaching an auxiliarysupports; however, the , but not at the level of the equipment was far more limited than that used atfound in the experimental group’'s school. 
About the lesson plans that took place in the intervention of the experimental group that studied science through ICT.	Comment by Author: The meaning of these fragments is not clear. Is this a note to remind the author of including the relevant information at this point? 
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     Designs demonstrate learning in the experimental group:

Participants
The quantitative sample consisted of 57 fifth- graders from a school that operates a non-ICT program, and 88 fifth- graders fromin a school that joined the ICT program, giving a total of 145 students. Both groups schools are located in from the same geographic areaarea and are declassifiedfined as Arabic-speaking public schools. The school from which we recruited the control group is the oOnly one elementary school in the area that at the time of the study haddid not entered the ICT program in this geographic area, and the number of students in the fifth grade who participated was 57;. it was selected because it closely resembles the ICT-integrated school with respect to other characteristics (such as geographical area, socioeconomic status, heterogeneous level of achievement). The classes constituting included in the sample were are heterogeneous and included students with special educational needs and students with learning disabilities. The controlnon-ICT program group comprisedincluded 28 girls (49%) and 29 boys (51%), similar to the entirewhich was representative of the student population in this school. 
This population  was selected because so far there areare only a  few studies of ICT programs in  Arabic-speaking public schools in Israel (Nachmias et al., 2010). In addition, education in the Arabic-speaking public schools suffers from many difficulties, including and a severe resource limitations  resource limitation (Abu-Asaba, 2007), so studies that may contribute to the evaluation of cost-effectiveness are of particular importance. The second school was selected as a control group because it does not integrate ICT in learning; yet, it has great similarity in other characteristics (such as geographical area, socioeconomic status, heterogeneous level of achievement), to the first school.
The schools were selected in a convenience sample. This sampling method is not probabilistic and therefore reduces the external validity of the study. However, the statistical methodology used in the present study (the difference in differences DID) makes it possible to isolate the effect of the program. 
Tools
In order tData sets were collected to examine the research hypotheses onrelated to (1) motivation, (2) self-efficacy, and (3) achievement, data sets were collected using two questionnaires and onean achievement test, respectively. The questionnaires and test were administered twice a year: at the beginning and  of the year and at the end of the academic year. The questionnaires were collected by the science teachers.	Comment by Author: I assume the test was administered in the same manner. If this was not the case, please correct accordingly.


Student mMotivation qQuestionnaire
The Personal Achievement Goal Orientations  (PAGO) scaleMotivation Questionnaire, authored by Midgley et al. (1998) was used to measure student motivation. The questionnaire comprises includes 24 items rated on a 5-point Likert scale ranging from “"not at all truestrongly disagree”" to “"very strongly agreecorrect.”" The questionnaire assists inhelps determinassessing the reasonsmotivations or goals that students adopt when dealing with their assignments. The internal consistency of the questionnaire as determined in previous studies ranged from 0.71 to 0.80 (Midgley et al., 1998);. iIn the present study, internal consistency it was 0.66. The score was determined calculated by averaging overusing the average of the  all questionsresponses to which the respondent repliedanswered by the respondent. The questionnaire was translated into Arabic by professional teachers proficient at specializing int translation and also tested by two other teachers to verify the accuracy of the language. In addition, cConfirmatory fFactor aAnalysis (CFA) withand adjustment was performedcarried out, yielding a.  cComparative fFit iIndex (CFI) was of 0.968.	Comment by Author: Or “teachers with professional translation experience”? 
	Comment by Author: Do you mean “tested in class” or “reviewed”?
	Comment by Author: Delete if there was overlap between the teachers.

Self-eEfficacy qQuestionnaire
The questionnaire was developed by Chen and Gully (1997) Tto test the students’the sense of self-efficacy, we used the scale developed by Chen and Gully (1997). Thee questionnaire includes comprises 14 items, which are rated on a 5-point Likert scale ranging from “"Not at all describing me”" to “"Describing me to a great extent.”".  VThe questionnaire has been tested in various studies have confirmed itand has exhibitsed high content validity and predictive validity (Chen et al., 2001), finding an. The index alpha coefficient coefficient is found high of above over 0.90 (Chen &and Gully, 1997). Reliability in the present study was 0.84, again averaging using the mean overof all questionsthe responses to which the respondent replied. The questionnaire was translated into Arabic by professional teachers versedspecializing in translation and also tested by two teachers to verify the accuracy of the language. In addition,  Confirmatory Factor Analysis (CFA) withand adjustment was again performedperformed, yielding a. Comparative Fit Index (CFI) ofwas 0.906.
Science aAchievement test in the sciences
AThis is a structured achievement test was, developed for the purposes of thise study by a science-based steering team. It included knowledge and comprehension questions on science subjects taught in school, andThe test was validated by a content table featuring that included all test items, including a weight and level for each item. The test included knowledge and comprehension questions on science subjects taught in schools. The test was translated and administered to the students in the Arabic language. WIn addition, for the achievement test forhen checking for reliability in terms ofas internal traceability, we obtained a 0.86 correlation was obtained between the two halves of the test. To calculate the final reliability value, a correction was performed according to the Spearman-B Proawn formula was performed, yieldingand a 0.92 correlation was obtained.
Structured observation to assesstest student collaboration 
We used sStructured observation was used to examine the research hypothesis onregarding (4) student collaboration during the students’ preparation of a final product inin the group work. The observations were conducted with a checklist compiled by Wadawi (2013) and found to be cross-validated with other research methods, such as interviews with students and teachers (Wdmani, 2012). Collaboration was examined evaluated usingthrough three observations each among at the computerized and non-computerized school, respectivelys and three observations among computerized schools. In each instance, nThe notes oin the checklist were written taken by the researcher and two additionalother observers from the science team in each group from each school to ensure the the reliability of the data. OThe observations were carried outmade three times during over the course of the study, and at the end of each observation the researcher and the two other viewers observers cross-commented on each criterion included in the structured observation. 
Quantitative data analysis 
The statistical analysis was performed using the DID method, in which the degree of effect of a particular policy (in the case of this studythis case, the integration of ICT in science teachinglearning) is calculated by estimating the relationships between the independent variables and the independent variables and comparing the average change in before and after the experimental group with the average change in the control group at the two corresponding time points (before and after the intervention). This calculation is performeddone using multiple linear regression analyseis, where the dependent variable is the measured variable (e.g., the level of achievement), and the explanatory variables are the treatment intervention (i.e., ICT-integrated vs.learning, traditional learning), the time (before and after learning), and the interaction between treatment intervention and time. The significance of the interaction indicates whether the difference in differences between groups isare statistically significant (Card &and Krueger, 1994).  


Qualitative dData aAnalysis
Thise study used the phenomenographic approach (Marton, 1986) to analyzse data and classify concepts based on constant an ongoing comparison and search for similarity, variation, and complementarity between the twom. The phenomenographic approach is based on the collection of descriptions, sentences, statements, ideas, thoughts, and experiences in the research fieldduring fieldwork. The Aanalysis of the data in this approach first dealsstarts with the identification of common features and patterns infor the data collected, on the basis offrom which first preliminary conceptual categories are formed. After “"refining”" the categories and determining their hierarchy between them, criteria are included for including a data point in each category are developed. In the present study, all viewers' descriptions of the three observations by all observers were analysed tomined for find similarities. TheShared common and similar descriptions of each category wereis summarized in the checklist table.	Comment by Author: Do you mean Table 8?

FResultsindings	
The findings section has two parts: This sectione first part presents the analysis of the three regression models analysed for the variables (1) motivation, (2) self-efficacy, and (3) achievement, and the observation analysis for the (4) collaboration variable. 

Hypothesis Testing 
(1) Motivation. To examine the effect of the learning methodtype of learning (ICT-integrated learning versus. traditional learning) on the study’s dependent variables, the mean and standard deviations of the students’ levels of motivation in the students were calculated, asand presented in Table 2 and Fig.ure 1.

– Insert Table 2 here –
– Insert Fig. 1 here –
--Insert Table 2 here—
--Inset Figure 1 here--
It can be seen from Table 2 and Fig.ure 1 show that the initial average motivation ratings inof the experimental group was 2.28 and the average after treatment was 2.26before and after the intervention were 2.28 and 2.26, respectively;, we seeso there was a minimal decrease in the motivation level between the first and second measurement. For the control group, the means before treatment were as 2.23 and the mean after was 2.24, respectively, indicating so there was a minimal increase in motivation  between the first and second measurement.
ToFor the purpose of testing the first hypothesis, expecting that there will be a greater increase in difference in favour of the motivation  amonggain of students attending fifth- graders atin the Arabic speaking public schools with ICT that integration in sciencee ICT in classeslearning science compared towith that amongof their peers studyinglearning in the traditional manner, the followinga Differences in Differences (DID) equation was calculated formulated according to( Eq.uation 1)::

where M is motivation of the student (i);  a is the cutter; β is the regression coefficient; C is the group (treatment/control); T is the measurement (motivation before/after); I is the interaction (C × T); and e is the error term. The results of the analysis are presented in Table 3.


– Insert Table 3 here –--Insert Table 3 here--

Table 3 shows that there was no significant interaction effect, meaning that no significant differences were found between the level of motivation level of students studying on the ICT program and that of their peers studying onin the non-ICT program. Thus the resultsThus lead us to reject, the findings reject  the first hypothesis:. That is, learning throughwith integration of ICT integration does not have a statistically significant effect on student motivation. 
(2) Self-efficacy. To test the effect of the type of learning method (ICT-integrated learning vers.us traditional learning) on self-efficacy, the averages means and standard deviations ofwere calculated for the students’ levels of self-efficacy in studentswere calculated as and are presented in Table 4 and Fig.ure 2.
-– Insert Table 4 here –
-Insert Table 4 here—
– Insert Fig. 2 here –
Insert Figure 2 here--
Table 4 and Fig.ure 2 show that the initial mean self-efficacy scores inof the experimental group before and after the intervention wereas 1.70 and the mean after treatment was 1.69, respectively, showing so there was a slight decrease in the self-efficacy level between the first and second measurements. For the control group, the initial means werewas 1.67 and the mean after was 1.71, respectively, showing so there was a slight increase in self-efficacy over this period between the first and second measurements..
To test the second hypothesis, expecting a greater increase in self-efficacy among students onFor the purpose of testing the second hypothesis, that there will be a difference in favour of the self-efficacy gain of students in the ICT program compared to their peers attending the traditional learning program,  the following DID equation was formulated (Eq. 2):
a Differences in Differences (DID) equation was calculated using Equation 2:

where SE is the student's self-efficacy (i); of student i;  is the cutter; β is the regression coefficient; C is the group (treatment/control); T is the measurement (motivation before/after); I is the interaction (C × T); and e is the error term. The results of the analysis are presented in Table a is the cutter; β is the regression coefficient; C is the group; T is the measurement; I is the interaction (C × T); e - the error element. The results of the analysis are shown in Table 5. 
– Insert Table 5 here –
--Insert Table 5 here--
Table 5 shows that no significant effect was found for the interaction, meaning that no differences were found between the level ofchange in self-efficacy of students studying on the ICT program and that of their peers studying onin the non-ICT program. That is, learning through with ICT integration of ICT does not have a statistically significant effect on student self-efficacy. Thus, the findings do not support the second hypothesis. 
(3) Achievement. To test the effect of the type of learning method (ICT-integrated learning  versus. traditional learning) on achievement, the meansaverages and standard deviations ofwere calculated for the students’ average achievement were calculated of students asand presented in Table 6 and Fig.ure 3.
-– Insert Table 6 here –
-Insert Table 6 here—
– Insert Fig. 3 here –
--Insert Figure 3 here--
It can be seen from Table 6 and Fig.ure 3 that the initialshow that the average of student achievement in the experimental group increased fromgroup was 61.16 before, and the mean after treatment the intervention was to 70.97 after the intervention, showing an increase in the average of student scores between the first and second measures. For the control group, the initial respective scores were was 69.74, and the mean after it was 71.42, showing that the average of the students' scores between the first and second measures increasedalso showing a small increase between measurements.
To test the third hypothesis, which proposes a greater increase in achievement among students on the ICT program compared to their peers attending the traditional program, the following DID equation was formulated (Eq. 3):
For the purpose of testing the third hypothesis, that there will be a difference in favour of the achievement gain of students in the ICT program compared to their peers attending the traditional learning program, a Differences in Differences (DID) equation was calculated using Equation 3 :

where: G is the student's grade of student i;  is the cutter; β is the regression coefficient; C is the group (treatment/control); T is the measurement (motivation before/after); I is the interaction (C × T); and e is the error term. The results of the analysis are presented in Table (i); a is the cutter; β is the regression coefficient; C is the group; T is the measurement; I is the interaction (C × T); e is the error element. The results of the analysis are shown in Table 7. 
– Insert Table 7 here –
--Insert Table 7 here—
Table 7 shows athat the statistically significant interaction effect is statistically significant, meaning that there isindicating a significant difference in the difference change in achievement between programs:, so that the increasechange in achievement between measurements, over time, was higher for students onin the school integrating ICT program in science classes compared tothan for those on the students attending the traditional program. Thesee findings confirm the third hypothesis, which states that the  degree of improvement in the achievement will be significantly greater forof the students on the  in the school who participated in the ICT program is significantly higher than the degree of improvement in the achievement of thethan for students atin the non-participating schoolschool who did not participate in the ICT program.
(4) Collaboration. ToFor the purpose of testing the fourth hypothesis, which proposesthat a difference will be found between the level of collaboration amongof students attending the ICT program compared to that found amongof their peers attending the traditional learning program, we used a structured observation was used (Wadawi, 2013).  Table 8 shows the criteria included in the collaborationve checklist and descriptions of all observations conducted by the researcher and the two other observersviewers in both groups, the experimental group and the control groups.	Comment by Author: What you give in Table 8 looks more like ratings (short characterizations) than extensive descriptions. Consider using “ratings” or “evaluations” etc.

– Insert Table 8 here –
--Insert Table 8 here—
Table 8 shows that the degree level of collaboration amongof students enrolled in the ICT- integrated program was high with respect toin the following aspects: the leveldegree of interest in learning from peers, student trust, encouragement and support among group members, students’ willingness to study in a group, cquality of communication skills between among group membersp members, and students’' self-confidence in group learning. AnThe analysis of the observations revealed that athe high degree of cooperation was consistently seen acrossacross all three observations.	Comment by Author: I have changed this because “skills” could refer to the particular communication abilities of individual children, but on p. 19 you seem to talk about the overall quality of group communication. 

Alternative: “quality of communication in the group”

In contrast, observations oin the traditional learning program were mixed, the degree of collaboration was mixedsuggesting. The observations reveal that the collaboration between the students in the control group in the control group was partial and inconsistent. Regarding With regard to interest in learning from peers, some of the students' observations showed revealed a highgood level of interest, whereasbut in other observations theyothers notedshowed interest in learning from the peers only in some of the task phases. ConcerningRegarding the students' trust aspect, during in most of the observations a trusting atmosphere trust was found among the students was perceived, but in one observation of the observations there was trust among the students was seen in only some of the groups, and in other groups there was no trust between the students. In terms of encouragement and support among the group members, some of the observations did not see mutual encouragement by the students, while others and in some of the observations there wassaw encouragement but of only of the high-achieving students. In terms ofRegarding students’' willingness to study in a group, the observations were split between instancesobservations in which most of the students expressed a willingness to study in the groups, and others in which only some of the students expressed enthusiasmexpressed a willingness to study in the group. Regarding communication between group members, in two of the observations there wasreported good communication between most students duringin the group tasks, whereas in one of the observation s the noted good communication between the students was only good in only some of the groups. With regard to the students’' self-confidence duringin the group work, only some of the students demonstrated self-confidence, especially the high-achievingstrong onesstudents who were encouragedreceived encouragement.
These findings confirm the fourth hypothesis: tThe level of collaboration amongof students attending fifth- graders atin thean Arabic-speaking school with that integrated an ICT-integrated program in science classes is higher compared to than that found among their peers studying oin the traditional program.

Discussion	
The purpose of this study was to examine the effectiveness of integrating ICT in science classes in Israel. The effectiveness measures were selected to align with the original goals of the ICT program (Brandes &and Shtrauss, 2013). 
The results of the study show that, contrary to expectations, there were no significant differences between the groups regarding improvement in motivation. These findings are inconsistent with those ofe findings of Livingstone (2012), who states proposes that the use of ICT in education in general, and at an early age in particular, contributes to increasing student motivation, and also with with the findingsthose of Kubiatko (2010), who showed that the use of ICT in science instruction increased students’' interest in the material being studied.
There are two possible explanations for this discrepancy. The first explanation is based onlies in the distinction between the ICT program’s design and and its  implementation. According to Vorgan (2010), there is a gap between the possibilities offered afforded by ICT and its actual use can lead to, and some of the ICT program goals are not being realized (Brandes &and Shtrauss, 2013). The actual implementation of the ICT program may not bring out the program’s full potential, and so, thus, did not increasemprove motivation. According According toto this explanation, improving teacher training teachers to deliverfor a more successful implementation of the program may improve student motivation.
A second possible explanation concernsis related to the premises of the ICT program itself itself. Due to the technological requirements, tThe implementation of of ICTsuch a programs creates great pressure on teachers and administrators due to the technological requirements. Specifically, due to the large effort invested ment involved in dealing withmanaging the technology, teachers do not have time for significant in-person teaching (Nir et al., 2016). According to this explanation, because the teachers might have beenwere so occupied withengaged in the implementingation of the technology that they had less time left for in-person interactions with the students, they did not have time for significant teaching. Significant Personal contact in teaching is an important factor affectingin students’' interest and involvement in clalss. As a result of the significant reduction in teachingcontact, student motivation could have  decreased; on the other hand, t. This decrease in motivation could have beenwas balanced with the increase in motivation that other studies (Livingstone 2012, Kubiatko 2010) associate with the use offollowing the ICT program, so that in effect no groupso no difference was observed between the groups in the change in student motivation was observed.	Comment by Author: It might be appropriate to add a reference to support this general statement (although it is intuitive).


Regarding student collaboration, the research findings align agree with previous research that showedthat has shown ICT-integrated learning combined with face-to-face learning to expands students’' opportunities for ICT application, collaboration and expression, and to increases their willingness to connect with other students (Anastasiades et al., 2010). Also, the study is in line with the findings of Manny-Ican and his colleagueset al. (2013), who showed that using laptops in class promotes collaborative learning in small groups, which in turn supportsimproves the application use of 21st-century skills. The findings of the present study confirm that the ICT program did improved students’' collaborative learning in aspects terms of their interest in learning from peers, student trust, encouragement and support among group members, students’' willingness to study in the groups, communication skills among group members, and students’' self-confidence in group learning.	Comment by Author: The meaning of “expand students’ opportunities for ICT … and expression” not fully clear. Do you mean “computer literacy / using computers in various contexts / for various purposes?” Which kind of expression do you refer to – “communication / self-expression in a group?”

Collaborative learning contributes to improved academic achievement is a contributing factor for improvement. , and ICT supports learning through discussion (Kubiatko, &and Vlckova, 2010). Our The observations in the present study indicate that ICT use did indeed contribute to learning through discussion, so it is possible that this learning was also which thus may be one of the factors that significantly improved students’' achievement.	Comment by Author: Is this what you meant (in the original phrasing it is not clear what is improved)?Also consider providing a standard reference.

ConcerningAs for self-efficacy, the research findings do not correspond align withto previous research. While tThe literature finds a positive relationship between the use of ICT and self-efficacy (Celik &and Yesilyurt, 2013). However, in our study found no significant differences was found in self-efficacy. One explanation to might again be thea gap between the potential of ICT and its actual use (Vorgan, 2010), precluding the realization of . As a result of this discrepancy, some of the program’sthe goals of ICT are not realized (Brandes &and Shtrauss, 2013), including the enhancement of students’ sense of' self-efficacy. The second explanation might be inherent in the ICT program. According to Fu (2013), when ICT replaces the teacher-student relationship, the student may receive insufficientfeel a lack of teacher feedback; this deficit, a deficiency  that may make it difficult for the student to understand the material and also hinder impede the development of self-confidence. According to this explanation, when as students learn the material they students do not receive the teacher feedback they need from the teacherin the learning process, even thoughso even though they may assimilatelearn and understand the material, and despite their improve theirment in achievement, they maydo still not feel confident and therefore not improve their sense of self-efficacy does not improve.
On the other hand, oAs for achievement, our research findings are consistentalign with previous research showing, which indicated that ICT programs improve student achievement (Kubiatko, 2010; Ziden et al., 2011; Zuker et al., 2008), and that ICT integration ICT is effective at improving in influencing achievement in science and students’ scientific literacy (Spiezia, 2010).  The integration of ICT in science classes facilitates the development ofs new problem-solving strategies and . The use of ICT facilitates the completion of tasks at a higher level of complexity. Also, science studies require a high- order abstract thinking ability, whichand the use of ICT enables encourages students to develop this ability (Kubiatko &and Vlckova, 2010). The use of ICT use also helpsassists  to illustratee abstract issues and tomaterial and simulatee subjects whichissues that would otherwisewithout technology require scarcerare and expensive equipment (e.g., microscopes, telescopes, etc.) to illustratedemonstrate, such as microscopes, telescopes, and the like (Oldham, 2003). Computer-aided technologyEngagement with ICT supports science teaching by emphasizes encouraging divergent and multidimensional thinking and facilitating the visual demonstration representation of complex phenomena, traits needed in science teaching (Klein, 2011).	Comment by Author: Again, this is largely a repetition from pp. 4 and 22; if you shorten the article, I recommend to cut this out or condense it into one sentence, like “The ICT integration in science classes facilitates the development of new problem-solving strategies and the completion of more complex tasks while encouraging the development of higher-order thinking and offering the possibility to illustrate abstract subjects through simulation.”
	Comment by Author: The meaning of this sentence was not fully clear, please check if this is what you wanted to say.

Consistent In line with these explanations, it is not surprising that in the present study, likeas well as in previous researchstudies, findsit has been found that the ICT program improves students’' achievement in the sciences. In addition, apart from  But besides enhancing students’' ability to understand abstract topicssubjects, improving scientific literacy, and enhancing supporting students’' high- order thinking ability, we found that ICT may have also improved students’' achievement viathrough improved increased collaboration.

LResearch Limitations and fFurtherture rResearch
This study has research incorporates several limitations. First, there was no randomthe assignment of students intobetween the control and research treatment groups was not randomized; thus. The selection bias might blurare our findings. Second, the school sample was not random., which  This might afinfect the effectiveness of integrating ICT in scienceICT integration observed. Therefore, it is difficult to generalize the findings. Both factors limit the generalizability of these results. Third, the study examined the ICT program in terms of student achievement in general, without but specificlooking at specific levels aspects of knowledge and comprehension were not examined;. Therefore, future research shouldis needed where thetest the effectiveness of the ICT program on more specific aspects of students’ skillscan be tested at every level of thinking per se. Fourth, since the study examined compared the ICT program only to in relation to a traditional program, it , but did not compare the ICT program to another program. Therefore, the study could not evaluate itsthe effectiveness of the ICT program in relationcompared to other types of non-traditional programs. Fifth, while computer literacy was not measured, itwhich may have also have affected the research findings; future research should examine and control for computer literacy. In addition, the teachers who taught the two groups were nottaught by the samedifferent teachers; for future research a design deploying the same teachersit is recommended to design a research set where the same teachers are teaching , so that only the method of teaching can be monitoredteaching method is variable. Future studies in other countries that have minority populations suffering from educational resource constraints could benefit from the findings of this study.
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